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PREFACE  TO  THE  SIXTH  EDITION 

In  preparing  this  edition  my  ohjeot  has  been  to  meet  the  require¬ 
ments  of  medical  undergraduates  and  I  have  therefore  followed  the 
generap  pattern  of  previous  editions  as  estabhshed  by  Sir  Robert 
Muii.  I  he  time  is  still  far  off  when  it  will  be  possible  to  arrange  the 
text  under  etiological  headings  alone,,  and  I  beheve  that  it  is  best 
to  discuss  first  the  chief  morbid  processes  and  then  in  turn  the  various 
systems  of  the  body  with  the  diseases  to  which  each  is  subject.  It 
is  fashionable  to-day  to  say  that  students  are  taught  too  much  detail 
and  that  more  stress  should  be  laid  on  the  importance '  of  general 
principles.  But  general  principles  can  be  derived  only  from  a  multi- 
phcity  of  special  examples ;  accordingly  I  make  no  apology  for 
retaining  the  previous  arrangement  or  for  the  fact  that  this  arrange¬ 
ment  necessitates  both  detailed  description  and  some  repetition.  By 
incorporating  the  more  important  recent  advances,  especially  in  the 
clinical,  experimental  and  endocrine  fields,  I  hope  that  the  book  may 
continue  to  be  of  value  also  to  post-graduates. 

Pathology  is  the  systematic  study  of  the  nature  and  causes  of 
disease  processes.  Disease  is  the  result  ’partly  of  changes  in  the 
tissues  brought  about  either  by  physical  or  chemical  agents  or  living 
parasites,  partly  of  the  reaction  of  the  tissues  to  such  changes. 
Disease  has  no  independent  existence  in  itself;  its  manifestations 
require  for  their  development  both  the  action  of  the  exciting  cause 
and  the  reaction  of  the  individual  patient.  No  man  is  quite  as  his 
neighbour  and  thus  there  is  infinite  variety  in  the  manifestations  of 
disease  due  to  any  single  cause.  Before  the  elaboration  of  the  mani- 
fold  techniques  of  laboratory  and  clinical  investigation  now  in  use, 

I  Pathology  was  very  much  the  study  of  morbid  anatomy  and  there 
/  is  still  nothing  offered  by  the  teacher  of  Pathology  to  his  students 
j  which  compares  with  the  opportunity  to  learn  by  attendance  at  the 
sjmcrog^n  Here  the  culmination  of  the  natural  history  of  a  disease, 
folded  perhaps  over  many  months  or  years,  may  be  exposed  at  a 
stroke,  and  when  the  ease-record  is  viewed  in  retrospect,  the  associa¬ 
tion  of  this  morbid  change  with  a  particular  physical  sign  or  c1mina.i 
symptom  is  impressed  on  the  memory.  This  opportunity  is  afforded 
to  most  students  of  Medicine  for  only  a  brief  period  in  their  lifelong 
contact  with  disease.  The  importance  of  the  necropsy  in  the  teaching 
of  Pathology  can  hardly  be  over-emphasised  and  there  is  no  substitute 
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for  experience  gained  in  the  post-mortem  room.  Tlic  study  of  pro 
served  tissues  and  photographs  of  diseased  organs  can  bo  only  sui)  ,I,‘ 
mentary  to  this  but  the  effort  required  in  learning  from  tirS 
be  amply  repa,id,  for  museums  have  the  advantage  that  they  can 
be  systematically  arranged  for  illustrating  the  formal  oxpositL'of 

essential  change  can  b^ 
exhibited  side  by  side.  Similarly  familiaiity  with  microscopic  prc'pa f  i 
^  taons  has  a  special  value,  for  although  few  medical  staSH m 
rnicroscopists  by  inclination,  such  preparations  have  the  ad^mtam: 
that  those  already  accustomed  to  interpreting  histology  in  the  lir^ht 
of  physiological  function  can  often  see  more  readily  in  tlm  min  os,  u  J 
than  m  the  gross  specimen  the  morbid  function  implied  in  the  u’lorbid 
architecture.  For  this  reason  I  have  preserved  the  ample  iliustf  iti.u. 
of  the  text  by  photomicrographs  and  it  is  my  experience  that  't I 
use  of  the  systematic  text-book  beside  the  microscope  is  the  qi  cki 

way  of  learnmg  the  steps  by  which  morbid  anatomy  may  be  transHt« ' 
into  the  climcal  signs  of  disease.  ^  ^i-uislated 

Where  uncertainty  about  the  interpretation  of  clinienl  obsenr-it: 

™  ez^ments  emte  I  W  thougU  it  deetable  to  Jmw 

e  argument,  because  dogma  is  of  leas  ualue  to  tbo  studoni  Hem 
..ghejraining  of  his  critical  faculties.  If  he  is  a  'c  l 

^iSIFdiseases  and  some  w  /  ^ 

.morbid  anatomy,  he  will  none  the  less  disfover  that  mod  IV/or''’''"- '"I' 
[treatment  is  most  likely  to  be  successful  wherd>  ^  <>r  bm-jf.cn.l 

Ipbytiology  of  tire  dis=L«e  Zi:':,' 

climeal  medicine  the  Art  of  knowing  hnw  to  dea,l  toJi-Ii  +v.1  cI,  t.  "  '  ' 

treatment  of  disease  than  auThe  rest  of  tS  IvThund 
this  University  was  founded  and  this 

“=e°2b  S“tbns.itr 

to  deal  i“y“SleS“: Ilf  ll*/*  f  "■>  '»"8»  P*™.. 

f  Ilf 

to  the  readilv  aceessiblp  wnvUe,  a.i.  ,  .  i  Florence  must  bo  made 

Si“tirid“Sier“  ™ 

of  those  who  SadT  thTofrill  d-  “  “rf* 

details  of  the  present  stale  Ko^T'”“’  **rther 

the  latter  eategolThte  toon^iTf^S®  "?  ”'>1®®*®.  1„ 

or  two  anthorlLve  rflrJt  ’“”‘®  “"'S'  “”® 

an  ejctenslTe  list  Irom  which  the  .+  a  ^  rather  than  to  provide 
choice.  ’'»««  teqnire  to  make  a 

I  have  to  thmi  my  toheagu.  Professor  0.  H.  Browinng,  and 
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members  of  my  staff  Brs.  H.  E.  Hatcliisoii,  J.  R.  Anderson,  W.  A. 
Taylor,  G.  lb  S,  Roberts,  J.  A.  Milne,  J.  D.  Stephen,  J.  B.  Gibson 
and  A.  ^1,  Sandison  for  help  in  various  ways  in  the  preparation  of 
the  revision.  I  am  indebted  to  Professors  G.  L.  Montgomery  and 
A.  C.  Lendrum  for  the  loan  of  preparations  and  photographs"  which 
are  acknowledged  in  the  text,  and  to  Dr.  J.  B.  Rennie  for  advice  on 
tlie  tests  oi  liver  function.  To  my  former  technical  assistants  in 
Dundee,  Messrs.  J.  W.  Corkhill  and  D.  S.  Fraser  and  to  my  present 
t(M.*h,ni(.;al,  assistants  Messrs.  W.  Carson,  W.  Penny  and  M.  Fitch 
sincere  thanks  are  due  for  a  very  large  amount  of  fine  technical  work, 
both  liistological  and  photographic.  Mrs.  Wisliart  assisted  me  in  the 
preparation  of  the  Index,  and  I  am  grateful  to  her  for  the  meticulous 
care  with  which  she  carried  out  this  task. 

Finally,  it  is  with  pleasure  and  gratitude  that  I  acknowledge  my 
indebtedness  to  my  wife  not  only  for  her  practical  help  in  the  revision 
of  the  text  but  for  her  unfailing  sympathy  and  understanding  which 
have  sustained  me  at  all  times  and  without  which  this  revision  would 
not  have  Ijeen  accomplished. 

,  'D.  F.  Oappell. 

U-niversity  of  Glasgow,  1951. 
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of  cells,  to  which  there  is  nothing  analogous  in  .the  life  of  h&aMxr^ 

organisnia— 

To  siir^arise  :  In  pathology  we  hare  to  investigate  by  scientific 
niethods  Ui^asisrt[j|^se— the,  changes  underlying  its  symptoms,'/ 

,  lonar  disturbances.  Some  of  these  changes  can  be  ^en 

others  can  be  detected  by  chemical  or  biological  reactions,  whilst  in 
other  cases  no  importan4jxhanges.^.ve  yet  been  demonstrated.  The 
various  changes  met  with  represent  in  part^BFimirordamim  and 
in  part  are  of  a  reactive  nature ;  they  are  to  a  large  extent  defensive 
and  reparative. 

li  Etiology  of  Disease.  In  searching  for  causes  of  disease,  the  : 
ffeeneral  principle  may  be  accepted  that  a  healthy  orgam'sm  wUl  remain 
||healthy  unless  it_is_aff^ed  by  some  disturbing  eaus/  from  out.sideN 
Disease  does  not  occur  spontihi5hly7  a71ir^IS^^ 
a  cause.  Of  some  phenomena,  however,  no  explanation  can  be  given  • 
for  example,  the  cycle  of  events  in  the  life  history  of  the  individual! 
notably  the  oceurrenoe  of  senescence.  In  the  great  majority  of  oases 
the  disease  or  abnormal  state  is  due  to  some  disturbance  acting  after 
birth,  that  is,  it  is  acquired.  In  a  relatively  small  proportion  of 
instances  it  is  present  at  the  time  of  birth  and  is  then  spoken  of 
m  cm^cr^ital  ;  and  in  this  type  the  abnormality  may  arise  during 
total  life  m  various  ways,  and  sometimes  in  the  same  manner  as  in 
the  acquired  form,  e.g.  congenital  syphihs  is  merely  infection  of  the  , 
Causes  of  disease  are  sometimes  spoken  of  as  external^/ 
thejbgcms  are  inadvisable,  as  nothing  irreally  known 
reprding  internaTcauses  in  the  ItrlctVense— that  is,  the  causes  of 
inherent  defects  or  abnormalities  of  cells  though  it  is  thought  that 
damage  to  the  germ  cells  by  irradiation  may  cause  inherent  defects 
m  t  le  progeny.  We  may  say  that  every  hnovm  disturbance  is  externalft  /' 
or  comes  from^  without  so  far  as  the  affected  ceUs  are  concerned.  IK 
With  regard  to^h^jcausato  of  diseased  as  in  aU  biological  phe- 
^mena  the  matter  is  complicated,  and  a  number  of  circumstances 
■s/may  be  necessary  to  bring  about  a  given  result.  We  speak  of  the 
,  tubercle  bacillus  as  the  cause  of  tuberculosis  in  the  sense  that  the 
disease  IS  not  met  with  apart  from  the  bacillus,  but  the  eonverse  is 
not  necessarily  true  and  the  presence  of  the  baefflus  is  not  invariably 

In  tuberculoiisTcOTLtaiButory  factorTmay 
bo  neces.^5^Tn^er  to  allow  the  action  of  the  bacillus  to  become 
effective.  Ihere  must  be  susceptibility  to  infection,  and  this  may 
be  congenital  or  acquired.  Accordingly,  with  regard  to  many  con¬ 
ditions  we  have  to  speak  of  predisposing,  contributing  or  auxiliary  * 
causes.  Ihis  question  of  causation  will  be  met  with  in  a  more  com¬ 
plicated  tom  still  when  we  come  to  epnsider  the  etiology  of  tumour 
growth.  Except  to  certain  infectious  diseases  which  are  invariably 
associated  with  a  specific  micro-organism,  it  is  no  longer  supposed 
tnat  each  disease  or  illness  has  a  single  specific  cause  which  is  the 
sine  qua  non  of  the  state,  and  some  weU-known  clinical  conditions 
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are  to  be  regarded  as  syndromes  rather  than  as  specific  morbid  entities „ 
The  modern  conception  of  disease  leads  to  the  conclusion  that  a 
disturbance  of  health  may  result  from  interference  with  the  normal 
chain  of  biochemical  processes,  interruption  of  which  at  any  one  of 
several  points  may  produce  the  same  impairment  of  function  without 
notable  morbid  anatomical  changes^  e.g.  diabetes  melljjbis.  Mega- 
locytic  ansemia,  too,  offers  a  good  example  of  a  condition  in  which  a 
similar  morphological  change  in  the  blood  may  be  induced  by  dis¬ 
turbance  of  the  process  of  hsemopoiesis  at  one  of  several  points  in  the 
cycle  of  development.  Again,  similar  gross  morbid  anatomical  changes 
may  result  from  the  action  of  widely  different  agents,  and  it  may  be 
impossible  to  arrive  at  an  accurate  estimate  of  the  fundamental  nature 
of  the  disease  without  a  detailed  clinical  history  and  investigation 
of  the  case ;  cirrhosis  of  the  liver  is  a  good  example  of  such  a 
disorder. 

We  shall  merely  sketch  the  chief  causes  of  disease  as,  at  this  stage, 
it  would  not  be  of  advantage  to  the  student  to  have  them  enumerated 
in  detail. 

(A)  In  the  first  place,  reference  may  be  made  to  abnormal  states 
which  are  present  at  birth ;  these  are  of  various  kinds.  Some  are 
hereditary  in  the  strict  sense,  depending  on  abnormalities  in  tlicji 
genes,  and  we  assume  that  such  abnormalities  have  arisen  in  the  past, 
by  mutation.  Of  such  truly  hereditary  conditions,  we  may  mention 
as  examples,  colour  blindness,  albinism,  hsemophilia,  some  diseas  ^ 
of  muscles,  skin,  etc.  Predisposition  or  susceptibility  to  certa  ii" 
diseases  also  is  transmitted  by  heredity,  just  as  are  peculiarities  in 
external  configuration.  In  some  instances,  disease  present  at  birtl: 
is  the  result  of  intra-uterine  mmctioh  of  the  foetus,  e.g,  congenita  ” 

J  syphilis.  There  is  also  the  group  of  congenital  abnormalities  duo  tc 
I  errors  in  development.  The  causes  of  all  of  these  cannot  be  correctly 
assigned,  but  m  some  instances  intra-uterine  disturbances-—traumatic, 
nutritive  and  infective— are  responsible,  a  conspicuous  exampru  SeiBLg 
the  tendency  of  maternal  rubella  and  less  commonly  other  exan¬ 
thematous  fevers  in  early  pregnancy  to  result  in  congenital  malforma¬ 
tions  of  the  heart,  eyes,  etc. 

(B)  With  regard  to  the  causes  operating  after  birth,  the  following 
I  are  the  main  types  : 

I  (1)  Improper  or  Insufficient  Food  Supply :  with  this  may  be  classed 
'iiinsufficient  supply  of  oxygen.  A  defect  in  the  amount  of  food  as  ..h, 
Ijwhole  leads  to  ^sTihg,"'  Md  when  this  is  extreme,  as  in  starvation,  a 
condition  of  inanition  is  produced  which  may  lead  to  death.  Deficiency 
main  classes  of  foodstuffs  also  brings  about  harmful 
results.  For  example,  a  variety  of  oedema  is  known  to  be  mainly 
result  of  gross  protein  deficiency  in  the  diet.  Of  great  import 
are  the  ‘  vitamins  ’  or  accessory  food  principles,  the  presence  of  w » * 
in  sufficient  amount  is  necessary  for  a  state  of  health.  Many  of  th  . 
act  by  forming  essential  links  in  certain  intra- cellular  enzyme  systC'  .is 
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and  insufficiency  or  lack  tlins  cause  important  disorders,  such,  as 
heri-beri,  scurvy,  rickets,  etc.  These  are  known  accordingly  as 
deficiency  diseases.  At  first  there  is  no  morphological  change  in  the 
cells  and  the  state  may  be  regarded  as  a  ‘  pnre  biochemical  lesion 
(Peters)  which  is  rapidly  reversible,  but  later,  if  the  deficiency  con¬ 
tinues,  morphological  changes  of  various  kinds  appear.  Thus  lack  of : 
choline  and  other  lipotropic  substances  leads  to  fatty  changes  in  the 
liver.  There  is  no  doubt  that  recent  biochemical  researches  have 
afforded  a  remarkable  insight  into  some  of  the  intimate  changes  which 
underlie  certain  pathological  states.  Furthermore,  it  may  be  added 
that  definite  pathological  effects  may  be  produced  by  deficiency  in 
the  intake  or  absorption  of  various  inorganic  substances,  such  as  iron, 
calcium,  chlorides,  sodium,  potassium,  etc.,  especially  when  there  is 
excessive  loss. 

(2)  Oi^worh  or  Each  organ,  has  a . reserve  ^power .  so  c 

tiiat^^alTunctional  demands  may  be  made  without  injury.  ^  When, 
however,  these  demands  are  excessive,  a  condition  of  exhaustion  may 
result,  and  wlieii  this  is  severe  or  occurs  repeatedly,  permanent  damage 
!uay  talce  place.  An  organ  which  is  thus  impaired  may  be  sufficient 
for  the  performance  of  normal  function  but  may  fail  when  abnormal 
icMuands  are  made  on  it,  and  serious  results  may  follow.  The  effects 
of  exhaustion  are  seen  especially  in  connection  with  the  circulatory 
and  lua'vous  systems.  Further,  in  the  circulatory  system,  overwork, 
(iontinued  for  some  time,  leads  to  a  condition  of  hypertrophy 
il\(^  specialised  cells,  and  this  may  be  followed  eventually  by  a 
failure  of  the  hypertrophic  process.  In  this  manner  permanent 
ha,ngos  of  an  important  kind,  both  in  the  heart  and  in  the  arteries, 
uay  bo  brought  about.  Muscular  fatigue  may  also  increase  the 
uscoptibirity  of  the  tissues  to  infection,  notable  examples  being  seen 
'  n  typhoid  fever,  infective  hepatitis  and  poliomyehtis.  ^ 

^  i^^\,Trajuma  or  Mechanical  Injury.  The  effects  of  trauma  need  no 
explauatiou,  but  it  is  important  to  recognise  that,  apart  from  the 
grosser  effects,  damage  may  result  in  the  internal  organs  from  such 
conditions  as  concussion.  Such  damage  is  of  all  degrees  of  severity, 
and  in  the  case  of  the  central  nervous  system,  important  functional 
disturbances  may  be  produced  even  when  there  is  little  or  no  discover- 

‘  able  structural,, lesion.  ^  ^  .t  i 

(4)  Physical  Agencies — ^Heat,  Electricity,  X-rays,  etc.  Both  local 
and  general  effects  may  be  produced  by  extremes  of  heat  and  cold. 
Tlio  offbet  of  heat  applied  locally  is  the  production  of  burns  of  varying  ^ 
degree,  extreme  damage  being  an^j^ual  chairing 
^  3i3x.posuro  to  a  temperature  sufficienTTo'^mie^  of  the  cell 

^  hins  will  of  course  cause  death  of  the  cells  ;  but  at  a  temperature 
x  than  this,  serious  damage  may  he  inflicted,  and  marked  inflam- 
.a^ry  reaction  is  a  common  result.  The  local  action  of  cold,  some- 
I  t.  dliS  resulting  in  frost-bite,  is  chiefly  on  the  blood  vessels,  and  leads 
I  t#‘a  condition  in  which  the  circulation  can  no  longer  be  maintained 
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through  a  part.  Here  again,  varying  degrees  of  ultimate  damage  are 

met  with.. 

As  regards  general  effects,  exposure  to  a  liot  atmosphere,  especially 
■when  it  is  associated  with  moisture,  may  lead  to  pyrexia  and  other 
serious  results,'which  are,  described,  under  the.  heading  of  heat-st.roke, 

the  symptoms  being  aggravated  by  disturbances  in  the  electrolyte 
balance  of  the  body  fluids.  Exposure  to  cold,  resulting  in  a  chill, 
■was  formerly  regarded  as  a  fruitful  cause  of  various  inflammatory 
conditions.  Its  importance  is  considerable,  but  we  now  recognise  that 
it  a,cts  mainly  by  leading  to  vascular  disturbances  and  to  a  diminished 
resisting  power  of  the  tissues,  and  thus  to  invasion  by  bacteria. 
Accordingly,  most  of  the  diseases  which  arise  in  this  way  are  reall-y 
of  the  nature  of  infections,  and  the  entrance  of  bacteria  will  be  aided 
by  any  other  condition  of  depressed  vitality. 

Important  results  of  local  nature  may  be  caused  by  certain  forms 
of  radiation,  notably  by  Xways.  Such  results,  which  are  specially 
met  with  after  an  X-ray  ‘  burn  ’  or  repeated  applications,  may  become 
^tmctly  manifest  only  some  time  after  exposure,  and  then  gradually 
increase  m  severity.  Corresponding  effects  are  produced  by  radium. 

Sudden  death  may  be  caused  by  electric  currents  of  high  voltage 
and  burning  or  even  laceration  of  the  tissues  may  be  present ;  there 
may,  however,  be  little  change  discoverable. 

(5)  Micro-organisms.  Under  this  term  may  be  included  bacteria, 
protozoa,  lower  fungi  and  various  ultra-microscopic  viruses.  Many 
serious  diseases  and,  in  fact,  all  infective  fevers  are  produced  in  this 
way.  The  special  feature  of  micro-organisms,  as  a  cause  of  disease 
IS  their  power  of  multiplication  in  the  tissues,  and  the  possibility  of 
their  bemg  transferred  to  other  individuals.  The  action  of  such 
orgamsms  in  relation  to  disease  -will  be  referred  to  frequently,  but  it 
IS  important  to  recognise  that  their  harmful  eflfects  are  due  to  toxic 
substances  which  are  set  free  by  their  action.  Infection  is  thus  of 
the  nature  of  intoxication,  and  the  peculiarity  is  that  there  is  a  pro- 
gresave  manufacture  of  the  poison  during  the  growth  of  the  organisms. 
^  important  result  of  the  presence  of  the  infecting  organisms,  may 
De  to  render  the  tissues  supersensitive  to  their  products. 

r.f  +l  C  i^isease  may  result  from  invasion  of  the  tissues 

of  the  body  also  by  parasites  of  liigher  orders— animal  parasites  such 
as  cestodes,  nematodes,  etc.  These  may  be  conveniently  put  in  a 
separate  class,  as  their  effects  are  in  certain  instances  produced  in 
a  meehamcal  way.  For  example,  a  jiydatid  cyst  may  load  to  death 
structures.^imo  be  recognised,  howoiir; 
h  t,  m  the  case  of  metazoa  also,  toidlc  action  is  often  concerned  in 

tissues  \ij  Trich%mTki  spirahs  is  attended  by  fever  which  may  be  of 
considerable  intensity  and  simulate  typhoid  ^ 

poiS.  to  the  tern 

Poisom  IS  apidied:  are  of  great  variety  as  regards  both  their  nature 
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and  their  mode  of  action.  A  fundamental  distinction  is  to  be  drawn 
between  poisons  which  are  introdnced  into  the  body  as  such,  and 
those  formed  by  organisms  which  have  invaded  the  tissues.  The 
most  important  diifference  is  that  the  effects  of  the  former  depend 
on  the  amount  introduced,  that  is  on  the  dose,  whereas  with  the 
latter  the  supply  of  the  poison  is  regulated  by  the  multiplication  of 
the  organisms.  The  term  toxins  is  usually  applied  to  the  poisonous 
products  of  micro-organisms,  though  it  includes  also  closely  similar 
poisons  of  animal  and  vegetable  origin.  |  Poisons  introduced  into 
the  body  from  without  are  usually  of  known  constitution,  and  the 
disturbances  produced  by  them  may  be  local  or  general,  and  of  acute 
or  chronic  nature.  At  one  end  of  the  series  are  the  so-called  corrosive 
poisons  which  have  a  direct  local  action,  and  the  effects  of  which  can 
be  explained  in  most  instances  by  their  action  on  organic  material 
outside,  the  body,  such  processes  as  disintegration,  or  coagulation  of 
proteins,  etc.,  being  produced.  At  the  other  end  of  the  series  we 
have  the  group  of  active  poisons  such  as  alkaloids,  hydrocyanic  acid, 
etc.,  which  act  after  absorption,  and  which  may  be  fatal  in  very 
minute  doses.  The  study  of  such  poisons  belongs  to  pharmacology 
and  toxicology,  but  it  is  to  be  recognised  that,  in  cases  of  chronic 
poisoning,  structural  changes  result  from  their  action  and  have  to 
be  investigated  by  the  xiathologist.  Such  changes  are  well  seen  in 
chronic  poisoning  by  alcohol,  lead,  arsenic,  etc.  The  number  of  such 
agents  is  constantly  increasing  owing  to  the  continued  introduction 
of  new  substances  into  industry,  such  as  organic  solvents,  insecticides, 
food-colouring  materials,  etc.  The  toxins  formed  by  micro-organisms 
are  mostly  of  protein  nature,  but  their  exact  constitution  is  unknown. 
Some  of  these,  for  example  the  tetanus,  diphtheria,  and  botulinus 
toxins,  have  a  characteristic  action  on  particular  tissues  or  organs  ; 
but  the  effects  of  the  toxins  of  many  bacteria  closely  resemble  each 
other  and  are  of  a  general  nature,  fever  with  its  various  accompani¬ 
ments  being  a  common  result.  Another  peculiarity  is  that  when  a 
bacterial  toxin  is  injected  into  the  body  of  an  animal,  there  may  be 
a  considerable  interval  or  period  of  incubation  before  the  symptoms 
and  other  effects  appear  ;  this  is  well  exemplified  in  the  case  of  diph¬ 
theria  and  tetanus  toxins.  This  delayed  or  gradual  action  is  seen 
also  in  the  local  effects  of  poisons  formed  by  bacteria.  Whilst  a 
chemical  irritant  acts  at  once  and  alike  on  mucous  membranes  and  on 
the  deeper  tissues,  bacterial  toxins  have  no  such  general  action.  On 
the  contrary,  their  action  is  often  highly  selective,  and  depends  on 
some  subtle  interaction  with  living  cells,  which  cannot  as  yet  be 
explained  on  chemical  princiides,  hut  which  probably  depends  on 
interference  with  the  enzyme  systems  of  the  cells.  Some  bacterial 
toxins  have  the  property  of  giving  rise  to  the  formation  of  antitoxins, 
as  will  be  described  later.  But  sometimes  the  tissues  become  super- 
sensitive  to  the  bacterial  products  and  a  state  of  allergy  ensues. 
Similarly  certain  chemical  substances  readily  form  conjugates  with 
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proteins  of  the  tissues,  and  the  resulting  compound  may  act  as  an 
antigen  and  give  rise  to  supersensitiveness  ;  this  may  occur  with 
relatively  simple  chemical  substances  wh.ether  adnniiisteied  by  mouth 
or  parenterally  or  by  application  to  the  skin. 

Substances  which  accumulate  in  the  blood  a,s  a.  result  of  int('j'- 
ference  with  normal  processes  of  excretion  may  act  as  poisons,  or  at 
least  have  harmful  effects.  This  is  specially  cxcmplifkal  in  c,asc 
of  the  kidneys  when  their  excretory  functions  arc  int/(u*fer(ul  with, ; 
it  is  also  a  marked  feature  in  obstruction  to  the  outflow  of  bile. 

The  above  is  a  mere  summary  of  the  main  ty[)cs  of  (aius(\s  of  discasc 
or  abnormal  states,  and  it  will  be  noted  that  the  (;uus(\s  imiinly  r(^j)r(v 
sent  conditions  of  external  origin  which  injure  cells  or  iidnrfcrc^  with, 
their  normal  life.  The  action  of  any  one  of  tlu^se  is  up  to  a  point 
intelligible,  and  the  effects  are  the  production  of  (hima,gc  and  the 
setting  up  of  reaction,  as  explained  above.  In  sonu^  instances  the 
primary  cause  acts  locally,  in  others,  on  various  parts  of  t.lu^-  body  at 
the  same  time  ;  but  in  the  former  case  the  primary  Ic'-sion  may  in  ii,s 
turn  act  as  a  cause  and  lead  to  secondary  effects  (‘Isc^wluuxc  1his  is 
especially  the  case  when  an  organ  is  injured,  and  an  intimatt^  knowU^lgt^. 
of  the  interaction  of  the  various  organs  in  this  r(%sp('c-t  is  of  the  higlu^st 
importance  both  to.  pathology  and  in  its  clinical  a.pplic-a.ti.on,.  Jn 
many  instances  more  is  known  with  regard  to  this  intcuaicUou  of 
organs  with  |)roduction  of  secondary  lesions  a,nd  clumiicnl  (‘-luingcs, 
than  with  regard  to  the  primary  cause.  The  primary  change^  in 
many  chronic  infections  includes  degeneration  of  the  spinualiscd  or 
functioning  cells  and  an  overgrowth  of  connc(;tivc  tissue;,  ajid  it  in¬ 
dicates  a  slowly  acting  cause.  But  the  cause  has  often  lx, am  in  a,e,tion 
for  a  considerable  time  before  any  abnormality  is  rccogniscul,  and 
hence  the  elucidation  of  the  etiology  is  rendered  didicult  or  impossibhc 
This  will  be  abundantly  exemplified  in  the  discussion  of  chronic  lesions 
of  the  kidneys,  liver,  nervous  system,  etc. 

We  have  given  an  outHne  of  the  chief  modes  in  which  morbid 
conditions  are  brought  about,  but  no  reference  has  bcxui,  made  in,  it 
to  the  very  important  subject  of  tumours  or  new  growths.  This 
subject,  however,  can  he  discussed  with  profit  only  at  a  later  stage. 


•JS'-' 


wr-- 


^Af 


It.' 


CHAPTER  I 

DISTURBANCES  OF  THE  CIRCULATION 

In  this  chapter  we  shall  consider  certain  disturbances  which  may 
affect  the  circulation  generally,  or  which  may  occur  locally.  We  shall 
first  speak  of  abnormalities  in  the  distribution  of  the  blood.  These 
may  be  of  the  nature  either  of  excess  or  of  diminution  of  the  blood  in 
any  particular  area.  Excess  of  blood  in  a  part  is  called  concfestiofi  or 
h'ljperiBmia,  whilst  the  term  local  anmmia  or  ischemia  is  applied  to  all 
degrees^f  diminution,  the  extreme  being  complete  deprivation  of 
blood.  Congestion  or  hypersemia  may  manifestly  be  produced  either 
by  increase  of  the  flow  of  blood  to  the  part  or  by  interference  with  the 
flow  from  it.  The  former  is  due  to  an  active  dilatation  of  the  arterioles 
and  is  usually  called  arterial  or  active  hypermmia  ;  whilst  the  latter  is 
the  result  of  venous  oT^ruction  and  is  produced  mechanically,  aiid  the 
term  venous  or  passive  hyper mmia  is  accordingly  applied.  These  are 
two  xiiain  types'  orclinariTy”  re^^  but  in  addition,  in  certain 

circumstances,  there  may  be  excess  of  blood  in  a  part  when  neither  of 
these  two  factors  is  present  and  where  the  accumulation  of  blood 
depends  either  upon  an  active  dilatation  of  the  capillary  walls  or  on 
some  damage  to  them  ;  in  other  words,  there  may  be  an  independent 
capillary  hypermmia.  The  term  active  hyjaersemia  can  accordingly  no 
longer  be  used  ‘as  synonymous  with  arterial  hypersemia,  since  in 
active  hyperamiia  an  active  dilatation  of  capillaries  may  also  play  a 
part  and  may  even  be  the  chief  factor.  On  the  other  hand,  indepen¬ 
dent  capillary  hypeiTcmia  cannot  always  be  regarded  as  of  the  active 
ty  pe  as  it  may  sometimes  represent  a  state  of  want  of  tone.  We  shall 
now  consider  these  dilferent  forms  of  hyperaimia. 

ABTBRIAL  HYPBRMMIA 

This,  as  has  been  said,  is  produced  by  a  dilatation  of  the  arterioles, 
and  there  is  thus  an  increased  supply  of  blood  to  the  particular  area. 
The  dilatation  leads  to  diminution  in  the  frictional  resistance  to  the 
blood  flow,  and  thus  there  is  a  rise  of  pressure  in  the  terminal  arterioles, 
which  extends  to  the  capillaries.  The  latter  become  widened  and  the 
rate  of  flow  through  them  is  increased,  whilst  they  appear  to  become 
more  numerous,  as  some  which  were  formerly  empty  become  dilated 
(Eig.  1 ).  At  the  same  time,  there  is  a  slight  increase  of  lymph  formation 
■  '  '  '  ,  1 


B 


TEXT-BOOK  OF  PATHOLOGY 


th] 


incr 


and 

msij 

( 

prot 
seric 
way 
is  tl: 
theii 
orga: 
is  ill' 
subs' 
the  I 
gress 
An  i 
be  t< 

of  th 
as  ce 
sepaT 
a  mei 
bypr 
that, 
the  pi 
tissue; 
consia 


owing  to  their  dilatation  and  the  increased  intra-ea,|)illary  |)r(\ssure.  Tim 
pulse  wave  extends  farther  down,  and  may  apju'ar  in  t  he  eapillaih's  or 
even  in  the  minute  veins.  Arterial  hy  jxMaemia,  is  a.  j)hysiologi(^al  pr(>e.(^ss 
and  is  to  be  regarded  as  the  normal  i’(\s])ons(‘  vvlu'n  tluav  is  a  (^all  for 
an  increased  supply  of  blood.  It  may  Ix^  produced  by  paratysis  of 
the  vaso-constrictor  nerves  or  by  stimulation  of  va,so-di!ai,ors,  (lirectly 
or  reflexly  ;  and  in  conditions  of  disease  we  find  arteriid  liy  ptaaeraia 
corresponding  to  these  different  modes  of  production.  Active  hyper- 

cemia  results  also  i’roin  the 
action  of  chemical  siibstaaices 
which  act  as  stimulants  or 
slight  irritants,  e.g.  mustard, 
turpentine,  and  the  like  ;  also 
from  heat  in  mild  degree. 
Anotlier  important  point  is 
that  temporary  amBinia  of  a 
part  is  followed  by  active 
hypersemia  wlien  the  circular 
tion  is  restored.  This  is  of 
importance  in  connection  witli. 
bloodless  operations,  as  the 
full  degree  of  hyiicsrannia  is 
not  established  till  some  time 
after  the  circulation  lias  been 
restored,  and  thus  bleeding 
may  occur  from  the  smaller 
blood  vessels  if  they  have  not 
been  ligatured.  If,  however,  the  auaunie  e.oudition  Ix^  lo^pl.  up  too 
long  actual  damage  may  follow  and  the  capillaries  of  llu';  j)art  IxxxmK 
leaky  so  that  great  loss  of  plasma  in  the  damagxxl  p<irt  (xxmrs  ;  tin 
blood  in  the  vessels  thus  becomes  inspissatcxl  a.nd  sta.sis  may  Ix^  t-ln 
end  result.  Active  hypersemia  thus  represents  a,  physiologicud  n^sponst 
and  is  similar  to  what  occurs  in  comicction  with  inc.r(^a.s(xl  fun(‘.iional 
activity  ;  there  is  no  evidence  that  there  is  any  da.marg('.  to  (he,  (h'c.ular 
tory  apparatus.  When  the  part  which  is  the  scxit  of  a,rt(‘rial  hy  [xu'a'm  ia 
is  on  the  surface  of  the  body,  the  increased.  How  of  blood  (hrough  it 
will  produce  a  local  rise  in  temperature. 


^  •  CAPILLARY  HYPERASMIA 

The  anatomical  and  functional  relationships  of  tlu^  airt(a'i(>l(\s, 
capillaries  and  venules  have  been  much  clarified  by  the  obscuwallons 
of  Chambers  and  Zweifach,  who  have  shown  that  the  minute  artcu-iok'S 
are  connected  to  the  smallest  venules  by  thoroughfare  chiuuuHs 
containing  muscle  cells  at  their  arterial  end.  Off  theses  tlu^  t-riu^ 
capillaries  open,  usually  with  a  backward  loop,  their  moutlis  Ixnug 
guarded  by  muscular  sphincters  ;  after  a  short  course,  in  wliich  tlu.^y 


Fig.  1. — Acute  hypersemia  of  omentum 
showing  engorgement  of  minute  arteries 
and  network  of  distended  capillaries. 
(Prof.  G.  Haswell  Wilson.)  X  20. 
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aiiastomose  freely,  they  rejoin  the  thoroughfare  channel  towards  the 
venous  end  at  an  acute  angle.  Under  normal  resting  conditions,  at 
any  one  time  only  some  of  the  true  capillaries  contain'  red  cells,  the 
entry  of  which  is  controlled  by  the  pre capillary  sphincters.  While  it 
is  true  in  the  fiinctional  sense  to  say  that  capillaries  have  independent 
powers  o(:‘  contraction  and  relaxation,  the  capacity  for  rapid  con¬ 
tractility  a,p{)('ars  to  be  restricted  anatomically  to  the  precapillary 
sphinct(n‘s,  and,  during  periods  when  entry  of  red  cells  is  restricted, 
tlu^  (ia,|)illaries  may  retain  their  usual  diameter  although  filled  only 
with  plasma.  The  rapid  flow  of  blood  across  their  venous  junctions 
(cx(u‘cns(^s  a  certain  suction  effect  and  drains  their  plasma  back  into  the 
gxmcn’a,!  circulation  ;  during  this  phase  the  true  capillaries  take  up 
fluid  from  the  tissue  spaces  whereas  during  their  active  perfusion  with 
red  cells  fluid  is  given  out  ;  no  doubt  this  alternation  of  activities 
})lays  an  important  part  in  fluid  exchange.  When  the  precapillary 
sphincters  are  closed  and  the  return  of  plasma  to  the  venules  is  greater 
tlrnn  the  uptake  of  fluid  from  the  tissues,  the  true  capillaries  may  be 
collapsed.  When  therefore  we  speak  of  dilatation  of  the  capillaries 
we  really  refer  to  the  filling  of  these  channels  with  red  cells  and  when 
we  speak  of  contraction  we  refer  to  their  emptying  owing  to  the  action 
of  precapillary  sphincters  restricting  the  entry  of  red  cells,  without 
implying  that  the  capillary  wall  as  a  whole  undergoes  contraction 
throughout  its  length.  Ca|3illary  endothelial  cells  in  general  are  able 
to  contract  only  feebly  and  slowly,  and  this  property  is  not  apparently 
concerned  in  the  normal  control  of  the  circulation  through  the  tissues. 

tn  some  cases  a  nervous  reflex  is  concerned  in  the  changes  of  their 
lumen,  but  chemical  and  other  agencies  may  act  directly  on  their  walls. 
In  (uises  of  active  hyperaemia  the  condition  of  the  capillary  circulation 
is,  in  part  at  least,  the  result  of  an  independent  dilatation  of  the 
capillaries.  It  has  been  found  by  direct  observation  that  a  very  slight 
stimulus  applied  to  capillaries  may  lead  to  contraction,  that  a  stronger 
stimulus  may  cause  dilatation,  and  that  the  dilatation  and  congestion 
may  then  extend  for  a  considerable  distance  around.  The  last  result 
occurs  when  the  corresponding  spinal  nerve  roots  are  divided  but  not 
when  the  nerves  to  the  part  are  in  a  degenerated  condition  ;  accord¬ 
ingly,  the  dilator  effect  in  the  normal  state  would  appear  to  be  partly 
a  direct  one  on  the  capillary  wall  and  partly  one  in  which  a  peripheral 
reflex  is  concerned  (A.  N.  Bruce). 

These  vascular  responses  are  well  illustrated  in  the  case  of  the  skin, 
as  has  been  shown  especially  by  Lewis,  whose  work  has  led  to  results 
of  high  importance.  Light  stroking  of  the  skin  is  followed  by  a  Hne 
of  pallor  along  the  stroke,  due  to  active  contraction  of  the  capillaries 
and  small  vessels — 'white  reaction’;  if  a  greater  stimulation  is 
produced  by  firmer  stroking,  a  band  of  redness  appears—'  red  reaction.’ 
These  two  reactions  are  due  (a)  to  contraction  and  (6)  to  dilatation 
of  the  capillaries  respectively ;  they  are  independent  of  the  flow  of 
blood  as  they  occur  when  the  circulation  is  brought  to  rest.  Stiff 
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greater  stimulation  leads  to  spread  of  redness  to  adjaueiit  parts  tlio 
‘  flare  ’ ;  this  may  be  accomioanied  in  certain  cases  by  wliealimr,  wliicb 
is  a  local  oedema.  The  flare  is  due  to  reflex  dilatation  of  neiidi- 
bourmg  arterioles,  and  integrity  of  the  cutaneous  nerves  is  n,H..s.sarv 
for  Its  occurrence.  These  three  phenomena,  red  reaction,  (la, re  a, nil 
wneahng,  constitute  Lewis’s  ‘triple  response  ’  and  have  bemi  shown 
0  be  due  to  the  release  of  a  diffusible  substance  from  the  (tells  of  the 

'  -u  1  *  action  closely  similar  to  that  of  hi.sl.a.tiiine 

hough  the  identity  has  not  been  conclusively  proved  It  i.s  (■■il|('(l 
by  Lewis  the  H-substance.  Certain  individuals  are  very  sen.sil.iw't  („, 
stim^tion  and  whealing  of  the  skin  occurs  very  readily  ;  if  i,,  them 
inuch  wheahng  is  produced,  the  symptoms  which  follow  closely  re.sem  bh^ 
those  produced  by  small  doses  of  histamine.  Such  individua,l,s  a.n  no(,  ’ 
owever  more  sensitive  to  histamine  than  are  normal  persons  and  tluir 
pecuhanty  IS  due  to  their  tissues  setting  free  the  H-subs(;ancc  in  abnor¬ 
mal  quantity.  Other  lacts  with  regard  to  the  rclca.so  of  (,h((  1 1 -sub 
stance  are  brought  forward,  but  for  further  details  reference  must 
be  made  to  the  original  work.  It  is  clear,  however,  tha(,  Lewi^N 
results  have  a  wide  application  to  the  reactions  of  tissues  in  <r(.ncral 

kter’^t^ dT^^^  n  ^  substance  to  sliock  is  (htsciibed 

later,  and  it  would  appear  that  many  vascular  reactions  to  innirv 

smaU  scale.  There  is  also  evidence  that  in  the  phenomena  of 
anaphylaxis  the  setting  free  of  H-substance  is  concerned  at  Lwt 
certam  of  the  phenomena  are  such  as  might  be  produced  in  this  way 

oontecred"  mtf  for thet "T  "" 

lor  instance,  the  hands  are  exposed  to  cold  orm 

gestion  IS  sometimes  associated  with  blueness  and  coWn!t  c7t  <  i,  ;  ' 
and  m  this  case,  as  pointed  out  by  Bayliss  there  is  an  imn.,;,.  /i  ’ 

tion  owing  to  contraction  of  the  arteries  whilst'Vhr  '  n  ''''' 

arterioles  and  dilatation  of  capillaries  .nH  .  i 

doses  has  a  oorresnondina  o#  tj.  ’  adrenalin  m  small 

amount  of  the  blood  in  the  part  will  ^  increasing  the 

in  the  rate  of  blood  flow  uufo^r 

dilatation ;  in  fact  it  will’  act  in  thT  otb  arterial 

from  the  fact  that  the  Ziu2y  bed  I 

tation  is  present,  indepeZnt '"eZu  ^  ^i'a- 

the  phenomena,  and  thus  willplav^a  Zt  accentuate 

*“S;S'  'Tf*'’  imlurnTp”  «”) 
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chemical,  thermal,  etc.,  usually  occurs  almost  at  once,  within  a  few 
seconds,  but  this  is  not  always  the  case.  When,  for  instance,  the 
skin  is  exposed  to  ultra-violet  rays,  the  capillary  dilatation  does 
not  occur  till  some  lioiirs  afterwards,  and  then  the  capillaries  may 
remain  in  a  dilated  state  for  days.  This  chronic  dilatation,  as  it 
may  be  called,  is  apparently  the  result  of  a  loss  of  tone  and  probably 
represents  the  effect  of  minimum  damage.  The  difference  between 
heat  rays  and  ultra-violet  rays  in  this  respect  is  noteworthy,  and  a 
remarkable  example  of  delayed  effect  is  seen  also  in  the  case  of  X-rays. 
Capillary  hyperaemia  may  thus  be  transitory  or  it  may  last  for  a  time, 
and  in  the  latter  case  the  capillaries  have  probably  suffered  some 
slight  injury  which  is  not  soon  repaired.  As  will  be  described  later 
in  connection  with  inflammation,  if  the  damage  be  more  severe  the 
flow  of  blood  through  the  capillaries  is  interfered  with  and  its  rate 
diminished.  The  extreme  degree  of  this  is  complete  stoppage  of  the 
flow  or  stasis  (p.  56).  This  may  be  recovered  from,  the  flow  ‘being 
restored;  but  a  still  more  severe  injury  to  the  capillaries  may 
cause  necrosis  of  their  walls  and  thrombosis,  and  then  restoration 
of  the  circulation  is  impossible.  These  different  degrees  of  capillary 
injury  are  often  accompanied  by  altered  permeability  of  the  wail, 
leading  to  transudation,  exudation,  etc.,  and  are  of  great  importance 
in  connection  with  various  pathological  processes,  as  will  be  seen 
later. 


S*VENOUS  CONGESTION  OB  PASSIVE  HYPEB^MIA 


Two  varieties  of  this  condition  are  to  be  recognised,  namely 
general  venous  congestion,  in  which  the  whole  venous  system  is  affected, 
and  local  venous  congestion,  where  the  excess  of  blood  is  present  only 
in  a  certain  area.  Although  the  change  is  essentially  the  same  in  the 
two  cases,  the  causation  and  results  are  somewhat  different,  and  the 
two  varieties  dfe  to  be  described  separately. 


(K-  General  Venous  Congestion.  This  condition  is  of  great  impor¬ 
tance  in  view  of  its  frequency  and  the  serious  results  which  may  follow 
when  it  is  long  continued.  As  has  already  been  stated,  there  is 
an  excess  of  blood  in  the  venous  system  throughout  the  body,  and  we 
have  to  consider  how  this  state  is  brought  about.  General  venous 
congestion  may  occur  rapidly,  often,  a  short  time  before  death,  and 
at  post-mortem  examination  all  the  organs  show"  venous  engorgement ; 
it  may  also  be  temporary  and  be  recovered  from.  The  essential 
factor  in  its  production  is  diminished  output  of  blood  by  the  left 


ventricle,  as  will  be  explained  below.  The  imnortant  form  known 
venous  congestion  is  of  long  duration  is  usually  of  a  more  or 
less  permanerffn^^  brinis"TEouFmi^rtant  ’strucfuHTliIf^^ 

chronic  vehnuFTongesfrmo^  either  in 


or  in  the  kmg^as  these  are  the  organs  through  which  the 


passes  in  each  complete  circulation.  Thus  we  find  that 
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it  results  from  valvular  disease  of  the  hoaT'‘t,  or  fi'om  ],(\sio,!is  of  tfu^. 
"cScEaYmusH^  orfromcertaj^^  J  u  i  ^ .  j  ^  j 

“puImonafy^sSises  wEIcF*^ffect  the  oirculatiou  are"(uiij),h,ysema,,  and 
fibrosis.  Ill  the  former  there  is  great  atrojiliy  of  j  )ajfis()FTT^^ 
of  the  air  vesicles,  and  hence  the  capillarN'  iiivn.  is  (lirninislied,  \vhii(‘ 
at  the  same  time  many  of  the  surviving  (^a.|)ilhiri(‘s  are  stnvtclied  a-nd 
therefore  narrowed.  From  both  of  these  causes  the  flow  of  l)lood 
through  the  lungs  is  impeded.  In  fibrosis  also,  tiuMi'  is  olistruetion  to 
the  blood  flow,  as  part  of  the  pulmonary  tissue  is  i*('{)hi(‘(Hl  by  the  loss 
vascular  connective  tissue,  and  the  latter  may  also  uinha-go  cousid(a\al)l(^ 
contraction. 

If,  however,  we  examine  the  various  conditions  which  caus('.  g(ui(n-al 
venous  congestion,  we  find  that  they  all  have  this  in  common  tlu^y 
lead  to  a  diminution  in  the  amount  of  blood  passeii  into  the  aorludu  a 
unit  of  time.  This  would  lead  to  a  fall  in  the  arterial  blood  pressun^, 
if  there  were  no  compensating  mechanism,  seeing  that  the  pressure 
depends  on  the  amount  of  blood  passed  into  the  aorta  and  on  tJie 
peripheral  resistance.  But  in  the  various  conditions  of  diminislual 
output  mentioned,  it  is  found  that,  at  least  for  a  considerable  tinny  the 
blood  pressure  is  maintained  about  the  normal,  and  this  is  brough  t 
about  by  a  tonic  contraction  of  the  arterioles.  The  amount  of  blood 
in  the  arterial  system  is  thus  diminished,  while  tliat  in  tlu^  vx^ins 
is  increased  in  other  words  there  is  a  general  venous  congi^stioii. 
Later,  however,  the  blood  pressure  may  fall,  thx^  circulatimi  tln^n 
becomes  more  embarrassed  and  the  hc^art  ultimately  fails. 

The  accumulation  of  blood  in  the  venous  system  may  be  allowcal 
by  passive  dilatation  of  the  veins,  and  theoretically  need  not  involve 
a  rise  of  the  pressure  in  them  ;  and  various  observers  have  failed  to  find 
any  such  rise.  ^  But  at  certain  stages  the  tendency  to  further  dilatal-ion 
against  the  resistance  of  the  vessel  wall  may  bring  about  an  incn^a^se  in 
the  venous  pressure.  For  example,  in  cases  where  there  is  cxtr(mi<‘ 
venous  engorgement  with  cyanosis,  and  venesection  is  performed,  thc^ 
blood  may  spurt  from  the  incised  vein,  indicating  a  considcn-ablo 
amount  of  increased  pressure.  In  general  venous  congestion  the 
amount  of  blood  passed  through  the  circulation  in  a  unit  of  time  is 
dimmished,  while  the  capillaries  contain  an  excess  of  blood  with  a 
larger  proportion  of  reduced  hsemoglobin  than  the  normal;  hence  tlu^ 
oxygen  supply  to  the  tissues  may  be  interfered  with  and  various  deo-nn^s 
of  anoxemia  and  cyanosis  result.  There  tends  also  to  be  ooldiicss 
of  the  skon  surface.  The  mostjmportant  general  effects  which  ruav 
a^^efr^chronio  venous  c^iSon  are  thu7: 
cedhmTlyr  cerium  structural  changes.  CEdema'  will  he  ’^^rTr-TTTTT 
vementiy  dealt  ^h  lateF  (p.  34)  vLe  ^her  three  may  .now,  ho  anl 

®  deficiency  of  oxygen 

he  blood,  is  apphed  to  the  yarious  conditions  in  which  the  oxygen 
supply  to  the  tissues  is  interfered  with.  This  may  he  due  to  S3 
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oxygen  saturation  of  the  arterial  hlood—anoxic  type  (p,  383),  or  to 
deficiency  in  the  actual  or  available  haemoglobin  in  the  blood — 
anmmic  type  (p.  491).  In  the  present  instance  the  anoxaemia  is  due 
to  deficiency  of  oxy-haemoglobin  within  the  congested  capiUaries  and 
is  spoken  of  as  the  congestive  or  stagnant  type.  It  may  be  noted  that 
the  oxygen  available  for  the  tissues  is  that  dissociated  in  the  plasma, 
and  this  depends  on  the  amount  of  oxy-haBmoglobin  in  the  red  cor¬ 
puscles.  As  the  oxygen  in  solution  is  used  up  by  the  tissues  addi¬ 
tional  oxygen  separates  from  the  oxy-haemoglobin.  In  normal  arterial 
blood,  for  example,  the  oxygen  in  solution  is  about  one-fiftieth  of  the 
oxygen  combined  with  haemoglobin  (Haldane).  It  is  thus  evident 
that  in  the  passively  congested  capillaries  in  which  the  degree  of 
oxygen  saturation  of  the  haemoglobin  is  below  the  normal,  the  amount 
of  oxygen  in  solution  will  also  be  reduced  and  thus  the  supply 
to  the  tissues  will  be  diminished.  The  normal  degree  of  oxygen 
saturation  of  arterial  blood  is  about  95  per  cent,  while  that  of  venous 
blood  is  about  65-75  per  cent.  In  the  congestive  form  of  anoxaemia 
the  difference  between  the  arterial  and  venous  saturation  is  greater 
than  the  normal  of  20-30  per  cent.,  for  the  reasons  stated.  It  is  to 
be  observed,  however,  that  general  chronic  venous  congestion  due 
to  cardiac  disease  may  exist  without  anoxaemia.  It  is  especially 
when  cardiac  compensation  begins  to  fail  and  the  cardiac  output  is 
still  more  diminished  that  the  oxygen  unsaturation  of  the  venous  blood 
becomes  increased.  Further,  in  the  later  stages  of  cardiac  decom¬ 
pensation  with  oedema  and  other  changes  in  the  lungs,  the  aeration 
of  the  blood  in  the  pulmonary  capillaries  is  impaired.  Thus  the 
arteu'ial  saturation  also  may  fall  below  the  normal,  that  is,  anox- 
aimiia  of  the  anoxic  type  may  be  super  added,  and  then  the  degree 
of  venous  unsaturation  becomes  increased. 

The  existence  of  long-standing  congestive  anoxsemia  cannot  be 
without  effect  on  the  general  nutrition.  Thus,  for  example,  it  leads 
to  fatty  changes  in  the  liver  and  it  may  be  concerned  in  the  production 
of  the  cx^dema  which  often  occurs  at  a  later  stage  (p.  35). 

We  may  mention  also  that  in  cases  of  congenital  heart  disease, 
e.g.  pulmonary  stenosis  with  deficiency  in  the  interventricular  sej^tum, 
the  anoxasmia  has  a  cause  additional  to  the  venous  congestion,  viz. 
an  admixture  of  the  arterial  and  the  venous  currents,  part  of  the 
blood  from  the  right  ventricle  passing  to  the  left  ventricle  and  onwards 
to  the  aorta  without  going  through  the  lungs.  In  such  cases  the 
degree  of  oxygen  saturation  of  the  arterial  blood  Will  be  lowered  ; 
that  is,  there  will  be  an  anoxic  anoxaemia  in  addition  to  any  con¬ 
gestive  anoxaemia  present. 

Cyanosis.  We  have  referred  to  the  occurrence  of  cyanosis  in  con- 
neetion^wi^l^ronic  venous  congestion,  but  it  will  be  convenient  to  give 
some  additional  facts  at  this  stage.  The  term  is  to  be  taken  as  a  descrip¬ 
tive  one,  indicating  varying  degrees  of  blueness  or  lividity  of  the  skin 
and  mucous  membranes,  resulting  from  an  increased  amount  of  reduced 
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hemoglobin  in  the  capillaries  and  small  veins.  Cyanosis  (Icpciuls 
mainly  on  the  amount  of  reduced  hemoglobin,  tliough  the;  relative^ 
transparency  of  the  skin  and  other  tissues  also  plays  a,  part.  Un- 
saturation  of  the  hemoglobin  alone  does  not  product;  it  a  ttertain 
amount  of  reduced  haemoglobin  must  be  present.  l<''or  e.vaanpit;,  in 
severe  anaemias  the  degree  of  venous  unsaturation  may  l)c  nnutli 
higher  than  in  venous  congestion  and  yet  cyanosis  imiy  not  he 
present. 

The  chief  conditions  producing  cyanosis  are  :  («)  Ataannula.i  ion 
of  blood  in  the  capillaries  with  diniinislu'd  raf  e  of  (low  thnuigli  tiicm. 
Tins  is  seen  in  chronic  venous  congestion  of  marked  degree,  a,s  has 
been  described.  It  occurs  also  when  a  similar  condition  of  the  (ta-|  iilla.ry 
circulation  is  ijroducecl  by  exposure  to  cold  (p.  4).  Here;  also  t,h'(> 
haemoglobin  within  the  capillaries  parts  witli  its  o.xygen  to  tht;  lissnt's 
and  there  is  an  increased  amount  of  reduced  luonioglobin.  It  maa,' 
be  noted  that  the  initial  action  of  cold  is  usually  a.  g-eiierarl  coiiti'a,<'tio'n 
of  arterioles  and  caipillaries,  whilst  after  a  time' the  caipilhirios  become 
dilated,  apparently  from  loss  of  tone,  and  the  cyanosis  occurs.  'I'hese, 
two  effects  of  cold  are  seen  in  intensified  form,  in  the  ‘  lo(!a,l  svma([>e  ’ 
and  ‘local  asphyxia’  of  Raynaud’s  discsisc'  (r/.e.).  (b)  Uyauosis 

may  occur  also  from  deficient  o.xygen  satiirafioii  of  thc^  arteriaj'  blood, 
such  as  occurs  in  pulmonary  discxise  with  (leliei(>nt  aeiaitioii,  cxg.  iii 
some  eases  of  pneumonia,  pulmonary  ualcmia,,  etc.,  the  o.xygen’ salaira,- 
tion  of  the  venous  blood  falling  in  pruiiortion.  Fnrth'er,  cyanosis 
tends  to  occur  from  this  cause  in  individuals  living  at  a.  high  ar'n.itnde 
especially  when  any  e.xertion  is  made.  But  in  many  laisccs"  )f  cxtreimi 
cyanosis  there  is  a  combination  of  the  two  facinrs  («)  ami  (b).  (r.) 

Cyanosis  is  often  a  prominent  feature  in  ca-sc's  of  congcaiil.af  h(>art 

disease  with  admixture  of  the  venous  and  artm'ial  strc'a.ms . h(>nce  it 

IS  eaUed  ‘  admixture  cyanosis.’  This  is  well  scun,  for  e.xaauple,  in 
pulmonary  stenosis  with  deficiency  in  the  interveutrienhu-  septum',  a,s 
mentioned  above.  In  such  cases,  the  poruentagn  of  hamioglobin 
owing  to  polycythaemia,  is  above  normal,  and  as  it  is  la,rgel'\'  in  a! 
reduced  form  within  the  capillaries  the  cyanosis  is  tlieix'liy  iidnnsilical. 

General  venous  congestion  may  exist  for  a  long  time  witliont  (lie 
occurrence  of  any  ceifema  but  after  a  certain  period  oedema  may  appixir 
at  first  in  the  tissue  round  the  ankles,  and  then  steadily  increase,  ’flu’ 
^nature  oi  this  condition  is  considered  below 

Wien  ehronic  venous  eongeetion  l.ue 
isted  for^metimeTWaracteristic  changes  are  brought  aliout  in 

owin^uT'  somewhat  swollen,  and  of  purplish  colour 

owmg  to  excess  of  venous  blood,  but  they  become  firmer  in  conaistinice 
as  IS  seen  veiy  weU  in  the  case  of  the  kidneys  and  spleen.  Hence  tlu’ 

of  thickening  of  the  capillary  walls  in  response  to  the  state 

rv,  •  4.  '  ’  probably  there  is  also  some  increased  densitv  of 

the  interstitial  tissue,  though  there  is  usually  no  disrot  fibtSTo  b 
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found  on  microscopic  exainiuation.  In  the  lungs  red  corpuscles  escape 
froiii  tiiiie  to  time  from  the  congested  capillaiy  \ualls  and  are  taken 
up  by  phagocytic  cells,  within  which  their  htcmoglobin  is  broken  down 


Fig.  2.— Lung  in  chronic  venous  congestion,  sliowing  thickening  of  alveolar 
walls  and  varicosity  of  capillaries ;  cells  containing  blood  pigment  are 
lying  free  in  alveoli.  (G.  H.  W.)  x  7.5.  i  e  a  o 


i'lo.  .3. — Liver  in  ohronio  venous  congestion,  showing  atrophy  and  disap¬ 
pearance  of  liver  cells  ;  in  the  upper  part  of  the  figure  they  are  replaced 

by  wide  capillaries  or  sinusoids,  x  250. 

and  hifiinosidcrin  and  other  brown  pigments  are  formed.  On  treat- 
imuit  with  i)()tas.sium  ferroeyanide  and  hydrochloric  acid  the  lung 
tissue  then  gives  the  Prussian  Blue  reaction.  These  phagocytic  cells 
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may  accumuiate  in  the  aJvc'oli  in  considerable  nn]nl)ers,  a.nd  th('y  a.re 
often  known  as  heart-failin-c'  (s'ils,  but  the  term  is  niislea,(linii;  a,s  they 
are  also  met  with  when  coniiamsahiou  is  well  estal)lishe(i  ;  in  hnvt  Orll 


Fig.  4. — Liver  in  chronic  venous  congestion — ^  nutmeg  liver.' 

Note  the  dark  congested  central  parts  of  lobules,  and  pale  periplicry  dne  to  fatty  OianL-e 

(Natural  size.) 
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the  pleural  surface  ;  some  is  derived  by  migration  of  the  alveolar 
phagoc3des  into  the  lymphatics,  but  since  the  tracheobronchial  lymph 
nodes  are  often  onl}^  slightly  pigmented,  some  of  this  pleural  pig¬ 
ment  is  probabl}^  due  to  local  haemorrhages.  The  lungs  thus  come 
to  have  a  brownish  tinge  and  often  feel  tougher  and  firmer  than  normal, 
but  there  is  no  true  fibrosis  of  the  alveolar  walls.  In  some  cases  of 


ipitral  stenosis,  however,  the  pigmented  phagocytes  are  not  evenly 
^hS^nbutedidir  the  alveoli  as  one  would  expect  if  they  were 

derived  by  general  diapedesis  from  congested  capillaries.  The  lungs 
may  show  numerous  dark  brovm  spots  due  to  massive  aggregations 
of  iron- containing  phagocytes  around  the  terminal  infundibular 
passages,  while  the  intervening  alveoli  are  practically  free  from  cells. 
It  seems  probable  that  these  foci  represent  the  sites  of  actual  hsemor- 
rhage  into  the  air  passages  from  the  terminations  of  the  bronchial 
arteries  at  their  junctions  with  the  congested  pulmonary  circulation 
(Lendrum).  Such  aggregations  of  iron- containing  cells  may  be  suffici¬ 
ently  dense  to  be  visible  on  X-ray  examination  and  may  be  mistaken  for 
miliary  tubercles.  In  ppngestion  is  most  marked  in  the  central 

parts  of  the  lobules,  wh^^m'e  liver  cells  undergo  atrophy  and  ulti¬ 
mately  disappear  ;  the  central  zone  is  then  constituted  bv  the  capillaries 
and  stroma  (Fig.  3).  At  the  same  time  there  occurs  an  accumulation 
of  fat  round  the  portal  tracts,  and  thus  the  lobules  become  marked 
out  into  dark  red  and  yellow  areas  respectively,  the  term  '  nutmeg 
liver  ’  being  applied  from  the  mottled  appearance  (Fig.  4).  These 
atrophic  and  fatty  changes  are  chiefly  the  results  of  anoxsemia.  Owing 
to  the  change  in  the  central  parts  of  the  lobules,  there  results  a  con¬ 
siderable  loss  of  liver  parenchyma  and  thus  compensatory  changes  in 
the  form  of  hypertrophy  and  hyperplasia  of  surviving  liver  cells  may 
follow.  The  hypertrd|)hic  areas,  which  are  pale,  may  be  small  and 
fairly  regularly  distributed  (Fig.  5),  or  they  may  be  larger  and  irregular 
in  form  and  distribution  (Fig.  378).  These  hypertrophic  changes  are 
seen,  however,  only  in  long-standing  cases  and  tend  to  occur  especially 
in  young  patients,  in  whom  there  have  been  several  attacks  of  cardiac 
decompensation  with  subsequent  recovery. 

The  ^^Se?^^re  markedly  congested  in  most  cases,  the  medullary 
portions  especially  being  of  dark  purplish  colour  (Fig.  480).  The 
organs  are  markedly  firmer  and  more  elastic  than  normally — 
cyanotic  induration — and  the  weight  is  slightly  increased.  The 
increased  consistence  is  due  mainly  to  a  general  thickening  of  the 
capillaries  of  the  organ,  but  little  or  no  new  formation  of  connective 
tissue  is  to  be  found  on  microscopic  examination.  As  a  rule  the 
capsule  of  the  kidney  strips  readily  and  leaves  a  smooth  surface,  but 
sometimes  slight  irregular  granularity  is  present.  In  cases  where 
passive  hypersemia  of  the  kidneys  is  marked,  the  urine  is  usually 
decreased  in  quantity  and  is  highly  concentrated ;  it  often  contains 
a  certain  amount  of  albumin  and  a  few  red  cells. 

The Jspleen\  moderately  enlarged  (up  to  250  g.)  and  of  firmer 


12 


TEXT-BOOK  OF  PATHOLOGY 


consistences  so  that  it  preserves  its  sfiajn^  juul,  on  s(‘etioM,  siiovrs  a.  (*l<‘a.n 
sharp  edge.  The  cut  surface  is  smooth  a-iid  (iian  a-nd  tins  jxilp  is  of 
dark  purple  colour  against  which,  th(^  paha*  lVl<d|)ighia,n  Ixxlies  a.n(l 
trabeculae  stand  out  ]}rominentlv.  liistologhailly  tlu^  clii(‘r  (*ha:ng(^  is 
dilatation  of  the  venous  sinuses  and  an  inc.ivaistal  anionnt  of  hhxx! 
in  the  pulp.  There  is  some  thiekcaiing  of  iho  (somuahlvi^  tissin^  of 
the  trabecula3  and  of  the  fine  reticular  (i!)rils  in  (be  wal  ls  of  tlio  sinusies  ; 
the  elastic  tissue  is  also  a  little  more  aJ)nn(hint.  TIunsi^  chaing(‘s  are 
brought  about  by  chronic  over-distension  of  tlu^  oi'gam 

-Local  yenous_Conge^ion.  This  is  brought  a, bout  by  mcHiliiuiical 
interference  with,  the  return  of  blood  from  a  part  by  (!|h^  formation 
of  a  thrombus  within  a  vein,  or  by  pressure  from  outside,  o,g.  by 


thrombosis  of  superior  lou<j:itii(liiiii,l  sinus  wil.li  rosuK.in,. 
hemorrhage  over  frontal  lobe  of  brain.  Note  the  greal.ly  ,lilat  ,  m 

bosed  cortical  veins.  The  thrombosed  sinus  i.s  shown  below,  x  ’. 


a  tumour  or  an  aneurysm,  by  the  contraction  of  fibrous  tissue,  etc. 
It  may  occur  rapidly  or  be  slowly  produced. 

(a)  If  a  vein  is  rapidly  obstructed,  say  by  a  thrombus  or  by  a  liffiitnre 

^dXve  /'‘“e  to 

aescribed  above._  A  certain  amount  of  swelling  and  lividity  occurs 

It^bal  h®  P^pis  onthe  surface,  also  some  fall  in  the  temperature’ 
It  has  been  found  experimentaUy  that  there  occurs  an  hicrea  c  d 
transudation  of  lymph  of  low  specific  gravity  into  the  tirsmce? 
OTOg  to  the  increased  filtration  pressure,  though  in  nomal  "tissues 
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obstniction  to  aHiema  will  be  coiisidea'ed  later.  Red  corpuscles  also 
not  infreciuently  escape  from  the  engorged  capillaries,  and  in  a  few 
situations  there  may  even  be  gross  hemorrhage.  For  example,  when 
the  superior  longitudinal  sinus  is  obstructed  by  thrombus,  as  occurs 
sometimes  in  poorly  nourished  children,  the  cortical  veins  of  the  brain 
become  enormously  dilated,  and  some  of  these  may  give  way  and 
cause  irregular  hmmorrhage  on  the  surface  of  the  brain  (Fig.  6).  So 
also,  obstruction  of  a  branch  of  the  splenic  or  renal  vein  may  cause 
widespread  hsemorrhage  in  the  area  drained  by  it,  the  lesion  resembling 
a  ha'.morrhagic  infarct  produced  by  arterial  obstruction.  A  similar 
result  is  seen  in  the  case  of  the  mesenteric  veins  when  thrombosis 
extends  down  into  the  small  branches,  diffuse  haemorrhage  then  taking 
place  into  the  related  part  of  the  bowel  wall. 

Still  more  serious  results  follow  when  there  is  interference  with  the 
collatei'al  circulation,  as  occurs  when  a  portion  of  the  intestine  is 
constricted.  In  such  a  case  the  first  effect  is  interference  with  the 
venous  return,  and  as  the  blood  cannot  pass  off  by  any  side  channel, 
the  circulation  is  brought  to  a  standstill  after  blood  has  been  pumped 
into  the  part  through  the  arteries  ;  the  result  is  known  as  strangulation. 
Diffuse  haemorrhage  then  occurs  through  the  damaged  capillaries,  and 
this  is  followed  by  gangrene  of  the  part.  But  in  most  situations, 
when  a  vein  is  blocked,  the  blood  is  carried  off  from  the  part  by  the 
collateral  veins  and  the  chculation  through  it  is  maintained,  though 
often  at  a  d^^^ei^ased  rate. 

(6)  Ghr^io  obstruction.  When  venous  obstruction  is  of  long  stand¬ 
ing  and  especially  when  it  is  slowly  produced  by  pressure  from  outside, 

there  often  occurs  a  marked  enlargement  of  the  coilS^eral . veins^,"' arid 

this  may  be  found  either  when  the  obstruction  is  partial  or  when  it  is 
complete.  When,  for  instance,  the  inferior  vena  cava  is  obstructed 
by  thrombosis  or  by  pressure  from  a  tumour,  the  epigastric  veins  may 
become  greatly  enlarged  and  distinctly  visible  on  the  anterior 
abdominal  wall ;  and  a  corresponding  result  is  seen  when  there  is 
obstruction  to  the  superior  cava,  the  veins  over  the  clavicle  undergoing 
great  development  .  When  there  is  congestion  of  the  portal  circulation, 
as  is  common  in  cases  of  cirrhosis  of  the  liver,  enlargement  and  vari¬ 
cosity  of  veins  occur,  especially  at  the  junction  of  the  portal  and 
systemic  circulation,  that  is,  at  the  cardiac  orifice  of  the  stomach  and 
at  the  lower  end  of  the  rectum.  In  such  cases,  there  may  be  haemor¬ 
rhage  from  either  situation,  and,  in  the  case  of  the  cardiac  end  of  the 
stomach  or  lower  end  of  the  oesophagus,  this  may  be  fatal.  In 
chronic  portal  obstruction  there  is  also  considerable  enlargement  of 
the  superficial  abdominal  veins.  This  is  sometimes  pronounced 
around  the  umbilicus,  where  the  dilated  veins  often  present  a 
radiate  arrangement  giving  rise  to  the  so-called  caput  meduse. 
Ascites  is  a  frequent  result  of  chronic  portal  obstruction,  as  will 
be  described  later. 
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^.y^^HAUiOBIlHAGE 

Tlie  occurrence  of  lisemorrliage  from  the  large  vessels  by  rupture 
as  the  result  of  injury  or  disease  is  readily  iinderstood  and  examples 
will  be  given  later.  We  shall  consider  here  only  tlie  multiple 
haemorrhages  which  may  occur  in  various  general  conditions,  and 
which  are  often  of  the  nature  of  minute  capillary  haemorrhages  or 
petechim,  though  sometimes  also  of  a  more  diffuse  cliaractor.  OIxserva- 
tions  on  the  circulation  during  life  show  that  in  iirflarivma.toiy  a/nd 
other  conditions,  an  escape  of  red  corpuscles  may  take  ])laee  through 
the  capillary  walls  without  permanent  rupture,  a,nd  this  is  calked 
hemorrhage  by  diapedesis  as  contrasted  with  the  lueinorrliage  due  to 
actual  rupture  or  rJiexls.  Multiple  petechiae  are  ])r()hably  produced 
in  this  way  in  most  cases,  and  the  escape  of  I)l()(>d  is  a|)parently  tlu'^ 
result  of  damage  to  the  capillary  endothelium.  Sucli  hauncin’iiagc^s 
occur  in  two  main  groups  of  conditions,  (a)  In  the  fii'st  jihiee,  tlioy 
are  met  with  in  acute  injections  such  as  septiciBinias,  scarlet  fevc^r, 
yellow  fever,  etc.,  chiefly  in  the  skin  and  serous  siirfaces,  although 
bleeding  may  take  place  also  from  mucous  mertibranes.  Tins  occirrs 
in  the  stomach,  for  instance,  in  yellow  fever  and  also  in  va.rious  s(‘j)lh‘. 
conditions,  without  any  discoverable  breach  of  tlu'-  mu(ios<i  lio  aiC.(*oun(» 
for  it.  Multiple  haemorrhages  occiii*  also  in,  p1i()S[)horus  poisoning. 
(6)  The  second  group  ofconditions  in  which  lueniorrhagcs  <ire  cnmmon* 
includes  various  blood  diseases — pernicious  aiuemia,,  huikaunia,,  purpura,, 
scurvy,  haemorrhagic  disease  of  the  newly  born,  eUn  IIcu'c,  agu,in,  tlu^ 
haemorrhages  are  often  multiple  and  there  may  bc^  sma.ll  or  inom  s(‘ri()us 
bleedings  from  mucous  membranes.  The  intima-fe  caus(‘,  of  haunor- 
rhage  in  the  conditions  mentioned  is  imperfectly  understood.  In  infect- 
tions,  haemorrhages  are  occasionally  produced  by  tlu^  a,c-tua,l  pi-cs(mcc  ot 
organisms  for  example,  we  have  found  plugs  of  tlu^  orga,nisms  in  tlu^ 
capillaries  in  cases  of  meningococcus  and  pneumoeoccais  septitacrnia,. 
As  a  rule,  however,  they  are  apparently  due  to  toxaunia,.  Ibitty 
degeneration  may  be  present  in  the  capillaries  in  phosphorus  poisoning 
and  anemias,  but  in  most  cases  of  spontaneous  luBmorrhag(^  no  h^siou 
can  be  found.  In  anemias  and  purpuric  conditions,  tlui  (xtcunamcc^  ol’ 
haemorrhage  is  often  associated  with  diminution,  of  the  blood  phdBhd.s 
and  a  prolongation  of  the  bleeding  time. 

There  is  also  evidence  that  vitamin  deficiency  is  concerauxl  ,iii  tlu^ 
occurrence  of  multiple  spontaneous  hjcmorrhages.  IMiemiv.y  ju 
vitamin  K  gives  rise  to  a  haemorrhagic  tendency  by  lowcuim^  the 
prothrombin  content  of  the  blood.  In  scurvy  tlK/  lumnorHuoh 

tendency  IS  due  to  vitamin  C  deficiency. 

ANEMIA — I8CHJBMIA 

andVueb  interference  with  the  arterial  supply, 

and  such  interference  varies,  of  course,  in  degree.  We  shallfLr; 
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consider  the  effects  of  complete  obstruction,  which  may  be  produced 
artificially  by  ligature,  or  may  be  the  result  of  some  pathological 
condition.  Thus,  as  examples  of  the  latter : — 

(а)  An  artery  may  be  plugged  by  a  piece  of  thrombus  ;  this  may 
be  formed  locally  at  the  site  of  obstruction — as  in  ordinary  thrombosis, 
or  it  may  be  carried  from  some  other  part  of  the  vascular  system,’ 
that  is,  the  obstruction  may  result  from  embolism.  A  malignant 
growth  also  may  obstruct  an  artery  either  by  its  local  growth  or  by 
embolism. 

(б)  Occasionally  an  artery  may  be  closed  by  proliferative  changes  in 
the  intima,  though  such  an  occurrence  is  practically  confined  to  the 
smaller  vessels,  and  even  in  them  the  process  is  commonly  completed 
by  thrombosis. 

(c)  Sometimes  excessive  contraction  of  an  artery  may  be  suffici¬ 
ent  to  bring  about  the  effects  of  obstruction.  For  example,  in 
Raynaud  s  disease  gangrene  of  parts  of  the  extremities  may  occur 
from  this  cause,  and  a  similar  result  is  seen  in  chronic  poisoning 
by  ergot,  produced  by  the  action  of  the  drug  on  the  walls  of  the 
arteries. 

By  far  the  commonest  and  most  important  causes  of  arterial 
obstruction,  however,  are  thrombosis  and  embolism. 

Results  of  Arterial  Obstruction.  Establishment  of  Col¬ 
lateral  Circulation.  In  all  cases  when  an  artery  is  obstructed  by 
any  of  the  causes  mentioned  ,  there  is  an  attempt  to  establish  a  collateral 
circ/daMon,  and,  in  the  case  of  arteries  of  the  limbs  and  trunk,  this 
is  usually  successful.  In  the  internal  organs,  however,  as  we ’shall 
see,  the  anatomical  arrangements  of  the  vessels  in  many  instances  do 
not  allow  a  sufficient  anastomotic  supply,  even  under  healthy  con¬ 
ditions,  and  thus  serious  results  follow.  When  an  artery,  say  of  a 
limb,  is  suddenly  obstructed  in  a  healthy  subject,  there  is  a  marked 
sudden  drop  in  the  blood  pressure  in  the  artery  beyond  the  obstruction 
and  in  the  branches  arising  therefrom,  and  the  circulation  is  brought 
practically  to  a  standstill ;  the  arteries  then  contract  and  the  part 
contains  less  blood  than  normally.  Soon,  however,  the  anastomotic 
arteries  undergo  an  active  dilatation  and  the  blood  makes  its  way  into 
and  distends  the  vessels  of  the  affected  part.  A  flow  of  blood  is 
thus  gradually  established  through  the  latter,  and  this  increases  until 
ultimately  the  circulation  is  sufflciently  restored  to  keep  the  part 
alive.  Thus  the  femoral  in  a  healthy  subject  may  be  ligatured 
without  permanent  damage  resulting.  The  limb  becomes  cold  and 
somewhat  benumbed,  and  some  time  elapses  before  the  pulse  is  again 
detectable  at  the  ankle  ;  and  it  is  much  longer  before  complete  muscular 
power  is  restored.  The  collateral  vessels  have,  of  course,  to  remain 
dilated  in  order  to  maintain  the  circulation,  and  in  response  to  the 
maintained  increased  pressure  within  them  structural  changes  follow. 
There  occurs  a  thickening  of  the  wall,  with  increase  of  the  muscular 
and  elastic  tissue  to  correspond  with  the  enlarged  lumen ;  in  other 
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wordsj  the  collateral  vessels  become  pernianeMh/  mlargrd  or  hypers 
trophied.  We  have  a  striking  insta,n(‘-e  of  great  (iollateral  onhirge- 
ment  during  the .  process  of  (kaa'lopnu'iit,  in  tli(‘  viuv  (umginiital 
condition  of  stenosis,  or  ev(Mi  of  c()m|)letc^  (‘losina^,  of  the  a.orta, 
be^mnd  the  arch.  In  such  conditions  tlieia^  oevurs  a,  gixNil;  (adarg(‘- 
ment  of  the  anastomoses  from  the  vessels  of  the  head  and  neck,  so 
as  to  provide  a  blood  supply  for  tlie  trunh  and  lower  parts  of 
the  body. 

The  development  of  an  efficient  collateral  circulation,  (h^pending 
as  it  does  on  an  active  dilatation  of  the  anastomolh^  a,t'l-(a*i(NS,  pre¬ 
supposes  a  comparatively  healthy  condition  of  tlu^  a,rt('ry  walls, 
and  is  of  course  aided  by  a  satisfactory  state  of  the  c.-irdiax^  axdlon. 
If,  however,  the  arteries  are  the  scat  of  disease-- a,r(^  alli(a-oinaXous, 
fibrosed  or  calcified— they  are  often  unable  to  dilate  su(li{n(mlly  t(> 
fk®  necessary  amount  of  blood  to  the  part,  and  a  va/rying 
amount  of  necrosis  will  follow.  Thus  it  happens  from  tliis  cause 
that  in  old  people  the  blocking  of  the  main  artery  of  a  find),  or 
even  of  a  large  branch,  may  be  followed  by  dcfitli  of  the  |)art 
supplied  by  the  obstructed  vessel,  the  condition  of  senih'  LUingrcviK' 
resulting  (p.  I3I). 

Serious  results  may  follow  also  when  tlie  ol)sij‘u(^tion  is  inultij)le 
or  of  spreading  character.  This  is  well  illustrated  in  thrombo-angeitis 
obliterans  (p.  308),  in  which  disease  thrombosis  niay  occur  in  many 
arteries  and  lead  to  gangrene  even  in  young  aduits. 


Infarction.  As  has  been  mentioned,  in  tlie  case  of  (uudnln 
arteries  of  internal  organs  anastomosis  is  imperfect,  and  tlu^,  obstjaudlon 
^^..^kem  is  always  followed  by  serious  results,  duch  a,rt(‘ri(\s  vv<u-(^ 
specially  studied  by  Cohnheim,  who  gave  to  them  tlu^  nanu^  of  ‘  (md- 
arteries.’  The  term,  however,  must  not  be  used  in  a  stricvtly 
anatomical  sense  to  indicate  that  there  is  no  anastomosis,  l)ut  only 
in  the  sense  that,  when  obstruction  occurs,  the  circulation  (jannot  b(' 
satisfactorily  restored  by  collaterals.  With  this  meaning  of  th(‘  tman 
we  may  say  that  an  ‘  end-artery  ’  may  have  {a)  no  anastomosis,  <cg. 

e  plenic  artery,  (b)  only  capillary  anastomosis,  e.g.  tlu^  brancluvs 
ol  the  renal  artery,  or  (c)  arterial  anastomosis,  but  iusullichmt  to 
keep  the  part  alive,  e.g.  the  superior  mesenteric  artery.  W(‘.  shall 
tre^t  these  anatomical  varieties  together,  and  we  may  state  that  the 

nS  l  leads  usually  to  (a)  interference  with  the 

nutrition  of  the  part  and  necrosis,  and  {&)  certain  circulatory  disturl)- 
anees  congestion  and  hseniorrhage.  The  term  infard  is  /.pplied  to 
the  altered  area  which  has  had  its  blood  cut  off,  and  i„far<di  an, 

vessels 

r  1  *  ^*«^0“‘^agic,  for  example  in  the.  live.r  a,s  llu, 

0  blocking  of  a  branch  of  the  portal  vein  (p  10)  Pale  infai'ci  s 

and  kidneys ;  while  ni  organs  where  there  is  a  from  anasl^miosis 
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e.g.  tlie  intestine,  or  a  double  circulation,  e.g.  the  lungs,  red  infarcts 
ate  found,^  blood  passing  from  the  marginal  vessels  into  the  damaged 
aiea.^  Infarction  means  a  stuffing-in,  and  the  name  was  originally 
applied  to  the  haemorrhagic  type,  as  the  part  appeared  stuffed  with 
blood.  ^  When,  however,  pale  infarcts  were  found  to  have  a  similar 
causation,  the  term  was  applied  to  them  also. 

Infarction  is  usually  the  result  of  embolism,  the  common  source  of 
tlie  emboli  being  vegetations  on  the  heart  valves,  and  the  lesions  are 
oitcMi  multiple.  Infarction,  however,  may  sometimes  be  due  to  local 
a,i‘t(u‘ia,l  thrombosis,  for  example  in  the  heart  in  disease  of  the  coronary 
a,rteries,  or  in  the  kidneys  etc.  in  polyarteritis  nodosa  as  will  be 
described  later. 

Sites  and  Characters  of  Infarcts.  In  the  case  of  the  Irain, 
the  tcaan  Hojtenmg  is  applied  to  the  results  of  arterial  obstruction,  as 
sodvning  is  the  main  occurrence,  but  the  changes  which  take  place 
a,r(‘  ('sseutially  of  the  same  nature  as  those  in  infarction  as  ordinarily 
imd(a*st()od.  Obstruction  of  the  deep  nutrient  branches  passing  into 
a, ml  sii|  )|)lying  the  inner  parts  of  the  brain  always  gives  rise  to  softening, 
which  is  usually  of  the  pale  or  anaemic  type.  Congestion  of  the  coL 
lateral  vessels  around  the  softening  is  present  at  the  early  stages,  but 
this  soon  {)a,ss(\s  off,  and  there  is  then  general  pallor  of  the  part. 
()(u^asiouailly,  liowever,  the  softening  is  of  a  haemorrhagic  type,  and 
tlie  t(M‘m  red  sofUmmg  is  then  applied  ;  this  is  probably  due  to  the 
va, scalar  obstrmdion  being  incomplete,  at  least  for  a  time,  so  that 
l)l()()d  (rontiiuK^s  to  flow  into  the  part  but  in  amounts  inadequate  to 
maintain  the  cii’culatioii.  There  is  considerable  anastomosis  between 
tlie  cortical  arteries,  and  the  obstruction  of  a  branch  is  usually  without 
(‘ilevi-.  An  important  factor,  however,  is  the  state  of  the  vessel 
wails,  as  is  well  illustrated  by  the  varying  amount  of  cortical  softening 
which  r(\sults  from  Mocking  of  the  middle  cerebral  artery.  The 
(*cni»ra,l  a;rtery  ot  the  retina  is  an  end-artery,  and  its  obstruction  causes 
iK'ci'osis,  with,  of  course,  loss  of  sight  in  the  eye.  Obstruction  of  a 
branch  of  a  (^oinnary  artery  of  tlie  heart  gives  rise  to  infarction  of  the 
imiscic  ;  it  is  usually  somewhat  irregular  in  form,  implicates  especially 
tlu'  iniUM*  [)a.rt  ot  the  heart  wall,  and  is  of  the  pale  variety  though 
congi^stiou  a, ml  lucmorrhage  are  present  at  the  margin.  The  branches 
oi:  th(^  pidmonar/j  artery  have  little  anastomosis,  although  blood  may 
:r(‘a,cli  the  part  from  the  bronchial  arteries.  Infarction  due  to  obstruc¬ 
tion.  ot*  a  branch  of  a  pulmonary  artery  is  often  met  with,  and  is  of 

rcHl  or  luBmorrhagic  type  ;  it  does  not,  however,  invariably  occur 
wlum  an  arterial  branch  is  blocked  (p.  20). 

Infarcts  of  the  spleen  are  of  common  occurrence  from  obstruction 
of  the  arterial  branches.  They  are  usually  of  a  pale  reddish  colour 
at  first,  but  soon  become  yellowish  when  hecfosiiTalies  place^Eig.  7) ; 
occasionally  they  arc  of  jliaiiaaniorrhagic  type .  In  the  kidneys,  infarcts 
areofl}^^  a  deep  red  periphery  due  to  congestion  and 

haemorrhage,  The  pale  portionmvo^  corlexTwjbilsk^ 
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corresponding  part  in  the  medulla  is  usiialiy  red  Jiiid  hauviorrliagie 
(Fig.  8).  When  the  infarct  is  of  small  size  it  may  bc^  lueinorrhagili 

throughoiit.  These  statcuucnts  a,j)j)ly 
to  the  infarcts  ordinarily  nuvt  vvii  h  at» 
post-mortem  examina/tioiis.  Hie  ex¬ 
periments  of  Greenlield  and  oilua’s 
show  that,  after  an  arterial  bi'andi 
in  a  kidney  is  blocked,  tlu^  a,r(‘a  sup¬ 
plied  becomes  at  brst^  swollen  aaid 
red  throughout  owing  to  gcuuu'al 
congestion.  Hierearier,  th{‘.  area, 
becomes  jaale,  and  it  would  ajipefir 
that  the  kidney  cells  in  proe(\ss 
of  dying  take  up  ,  W|i.t(u; ,pnid  tlu^ 
swollen  tissiK*!  e^)r(\sw(\s  '^lilood  fi’om 
the  part,  whicli  is  l.lius  rend(vr(Ml 
anaemic  and  pale.  At  the  pcuapluvry 
and  in  the  medulla  tlie  hyjKu-aunia, 
and  stasis  persist,  the  iHiurisJjjt^^ 
of  the  capillary  walls  is  ini})aired, 
and  then  haemorrliage  occurs  iid,o 
the  tissues.  The  fact  tha,t  inbnavls 
met  with  in  the  kidney  are  usually 
of  the  pale  variety  is  a})|)arently  due 


Fig.  7. — Pale  infarct  of  spleen, 
showing  process  of  clecolorisa- 
tion  at  the  margin,  x  y 


to  the  transitory  nature  of  the  early  congested  stage. 

Blocking  of  the  superior  mesenteric  artery  produces  adiaiiiiorrliagic 
infarct  of  the  bowel,  which 


IS 

almost  CO -extensive  with  the 
distribution  of  the  vessel  [vide 


Fig.  S.  Infarct  of  kidney,  showing 
pale  necrotic  centre  with  h^mor. 
rhagic  margin,  x  |. 
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infia),  and  death  usually  results.  Obstruction  of  the  inferior 
mesenteric  artery,  though  the  infarct  is  less  complete,  may  likewise 

>6  -.ata  .  In  the  lwer_  a  red  infarct  often  follows  obstruction  of 
a,  l)ra.iic]i  of  tJie  portal  veirn  but  necrosis  does  not  occur,  o\\dng 
of  blopil  .iinin  The  obstruction 

pio(  uccs  a  stagnation  ol;  the  blood  How  in  the  area  affected;  the 
eiipillaries  bccxune  widened  and  the  liver  cells  atrophied— hence  the 
red  colour  (Fig.  9). 


Changes  in  Infarction.  We  have  now  to  consider  the  effect  on 
the  tissues  supplied  by  the  obstructed  vessel  As  we  have  said,  the 
common  effect  is  necrosis,  but  this  is  usually  not  equal  in  extent  to  the 
area  supplied  by  the  vessel,  on  account  of  a  certain  amount  of  collateral 
aiKisidimosis.  The  necrosis  is  usually  of  the  coagulative  type  (p.  124), 
f'lniiigli  in  tb(i  spleen  and  heart,  autolytic  softening  of  the  infarct  soine- 
tmu‘s  o(‘(*in-s.  In  the  central  nervous  system  the  necrosis  is  attended 
by  solteniiig,  as  has  been  stated  ;  that  is,  it  is  of  the  colliquative  variety, 
ill  comuH'tioii  with  the  extent  of  the  necrosis,  a  very  important  point 
IS  (iu^  surviving  power  of  the  tissues,  as  evidenced  by  the  time  during 
which  tlu'v  can  withstand  deprivation  of  nourishment.  In  the  case 
ol  closiin^  ol:  a  main  cerebral  artery,  e.g.  the  middle  cerebral  artery, 
wluMx^  tlu^n^  is  considerable  cortical  anastomosis,  the  area  of  softening 
IS  not  lu^arly  equal  in  extent  to  that  supplied  by  the  vessel,  and  the 
more  luNiltii\"  the  vessels  the  smaller  is  the  cortical  softening.  If  it 
were  not  for  the  fact  that  the  brain  substance  can  survive  deprivation 
of  l)lood  for  only  a  comparatively  short  time,  it  would  be  smaller 
still ,  but  tlie  necrosis  occurs  before  the  collateral  supply  of  blood 
is  sufficient.  Ihiis  it  follows  that  the  amount  of  cortical  softening 
diu>  to  ])lugging  of  the  middle  cerebral  varies  much  in  different  cases. 
Difh'Kuit  tissues  vary  also  in  the  extent  to  which  they  necrose;  in 
a  r(u*(Mit  infarct  of  the  kidne^y,  for  example,  all  the  tissues  are  dead 
ill  tlu^  (iontral  part,  but  at  the  margin  there  is  a  zone  where’^  the 
e))i(rh(‘lium  is  dead,  whilst  the  connective  tissue  has  survived — that 
is,  an  imperfect  blood  supply  may  be  sufficient  for  the  latter  but  not 
for  the  former. 


With  regard  to  the  vascular  phenomena,  the  zone  of  congestion 
at  tile  margin  of  an  infarct  is  produced  by  the  collateral  circulation, 
wliich  ma,y,  as  in  the  case  of  the  superior  mesenteric,  allow  blood  to 
Ilow  into  and  distend  the  arteries,  hut  the  blood  pressure  may  be 
insufficicuit  to  produce  a  satisfactory  circulation  through  them ;  the 
uourislnneut  of  their  walls  then  fails,  the  capillaries  give  way  and 
Jux^morrluige  occurs.  The  haemorrhage  may  be  only  at  the  periphery, 
as  in  infarcts  of  the  kidneys,  or  throughout  the  area,  as  in  the  haemor¬ 
rhagic  infarcts  of  the  lungs  (Fig.  II) ;  and  where  there  is  only  peri- 
plieral  haemorrhage,  as  in  the  kidney,  this  would  probably  extend 
farther  into  the  part,  were  it  not  for  the  fact  that  the  tissues  in  process 
of  dying  become  swollen,  press  on  the  capillaries,  and  render  the  part 
anaemic.  As  already  mentioned,  a  transitory  early  stage  of  congestion 
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Fig.  10. — Portion  of  liasniorrhagic  infarct 
of  lung,  showing  alveoli  filled  with  red 
corpuscles,  x  100. 


of  tlie  part  actually  occurs.  From  varioiiH  (yxfXMiimuits  ( /VOmludin 
coiicliidt^cl  that  tlic  cxc‘(\ss  ol  bhxicl  in  infaiXits  vvais  tli(‘  i*(\snlt  o[  vcjlu.v 
])y  the  Ycins.  This  is,  houtaxu-,  not  teiiabloMs  a  gi'iKu’a.l  (vxplaiia.tion. 

'I'hc 

sequence  of  (aumls  in  tlu^ 
luemorrlia-gic  infa,rc(,  of  tfu^ 
testiiie,  folloM' ing  ol)stru(vtion  of 
tlie  superior  uu^siaiimrie  a.rliu’y, 
was  fully  woiivcd  out  l)y  WcVlcIi 

Mall. . Ji„^h  c^.y  f o  u  n  d„  i:,]  \  a,  f, 

when  tihis  a.rtcu'y  is  liga4-ur(‘(i  in 
tlie  dog,  there  is  first  a  (Xissa^tion 
of  the  cireidation  in  the  fiart, 
acconijianied  by  a  coiiti’aetion 
of  tlie  inuscidar  coats  of  th(‘ 
intestine.  Tiie  circidaitiou  soon 
begins  to  be  restored,  the  blood 
flowing  in  from  the  collatcu’a,! 
anastomoses,  but  witliont  pul¬ 
sation  being  present,  fldie  eaxp- 
illaries  mul  simill  vcu’us  bex^onu^ 

^  _  ^ngoi’ged,  but  the  (low  through 

hem  IS  imperfect  and  irregular.  Ultimately  stasis  occurs  and  dilTusc^ 
semorrhage  follows,  the  whole  part  becoming  infiltrated  with  blood 
Corresponding  with  these  phenomena,  the  venous  outflow  IxaumuNs 
greatly  diminished  after  the  ligature ;  it  then  increases  aome.what  as  th(‘ 
flowis  re-established,  and  ultimately  falls  to  a  minitman.  11’lu‘y  found 
that  complete  deprivation  of  blood  from  2-4  inches  of  the  bowel 
leads  to  hffimorrhagie  infarction  of  the  part.  Wo  hav(^  thus  an 

"^-terial  supply  may  e 

able  toyil  the  part  with  blood,  hnt  insufficient  to  maintain  an 
adequate  circulation.  «ianu,am  .mi 

1  itarets  are  of  common  occurrence  in  the  lungs  (big.  10)  |„i<,  iiira.i-c(,inn 

Bhast  obstruction  of  a  branch  of  a,  pnlinonary  art(’>r>' 

It  has  been  found  experimentally  that  in  healtJiy  dogs  emlmlism  in 

further,  m  the  human  subject,  not  infrequently  the  plm^oin..  „r  a, 
inf  flranch  is  attended  by  comparatively  litt-le  no 

afnormaUt^fofTl!^^  some  other  factor,  such'a.s  malnutrition  or 

^^lete  pulmonary 

In  SStSlur""'  " 

«%  »n.bb  to  dtXo.  1 . .  . 

owg  to  the  raised  venous  pressure.  Possihlvrefliivf  ■  '  ^ 
also  play  a  nart  PnlTn/AT-.  *  x*  •  y^^fl^-^do,mt.h.(!i  veuns  may 

P  aj  part.  Pulmonary  infarction  is,  as  a  rule,  due  to  ernboli.sni. 
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artery,  as  the  artery  walls  are  not  in- 
frequently  the  seat  of  atheromatous 
etiange  m  long-continued  pulmonary 
ennge.stion_  (p.  290).  Pulmonary  in- 
-  <uc  ,.s,  which  are  often  multiple,  are 
iisual  y  conical  in  shape  and  have  a 
Sliarply  defined  margin  (Pig.  H). 

Sequels  of  Infarction.  The  all- 
important  differenoes  in  the  results  of 
infarction  depend  on  the  presence  or 
absence  of  organisms  in  the  embolus 
or  thrombus.  If  the  infarct  is  free 
from  organisms,  its  dead  tissue  acts 
like  a  foreign  body ;  a  zone  of  con¬ 
nective  tissue  reaction  forms  around  it, 
and  it  becomes  enclosed  in  a  capsule 
(p.  A  process  of  slow  absorp¬ 

tion  occurs,  and  the  part  under- 

ultimately  a  de-  ‘ 

pressed  cicatrix  may  mark  the  site  of  Fig.  11. —Two  wedge*shaped 

the  infarct.  When  there  has  been  haemorrhagic  infarcts  of 

repeated  embolism  with  multiple 

scarrint’  ■  puckered  and  deformed  from  the 

scaning,_  this  is  often  seen  in  the  case  of  the  kidney.  Any  pig- 

buTin  Dorn  extravasated  blood  corpuscles  is  slowly  absorbed, 

but  in  the  case  of  hmmorrhagic  infarcts,  e.g.  of  the  lungs,  a  brownish 
CO  our  persists  for  a  long  time.  Apart  from  the  casV  of 

ot^^a^n^^Tb'  autolytic  softening  in  infarcts  in 

other  orj,ans.  Thus  an  infarct  m  the  spleen  may  undergo  central 

so  ening,  quite  apart  from  the  presence  of  bacteria,  and  a  similar 
change  may  be  met  with  in  infarction  of  the  heart  wall,  the  condition 
known  as  resulting.  Such  occurrences  are,  how¬ 

ever,  relatively  uncommon.  If  organisms  are  present  in  the  plugged 
vessel,  they  may  extend  to  the  infarct  and  surrounding  tissL.  fnd 
produce  suppjqr^n  and  a^ess;  if  the  organ  has  a  serous  covering 
this  becomes  infected  and  inflamed.  Such  septic  infarction,  as  it  is 
called,  is  common  m  some  types  of  bacteriaLfindocarditis,  suppurative 
one_  ease,  e  c. ,  it  is,  in  fact,  the  essential  feature  of  pyaemia. 
Occasionally,  when  putrefactive  organisms  are  present,  the  infarcts 
may  lecomegangreiiQiia-in  character ;  for  example,  when  they  occur  in 
the  lungs  secondarily  to  putrid  thrombosis  of  veins,  e.g.  the  pelvic 
disease^”  or  a  lateral  sinus  following  middle-ear 
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Incomplete  Arterial  Obstruction.  This  is  of  frequent  ocumh*- 
rence  and  brings  about  serious  effects  of  both  striictiiral  and  funo 
tional  kinds.  A  common  general  result  is  to  produce  starvation  atrophy 
and  disappearance  of  specialised  cells  with  accompanying  overgrowtli 
of  connective  tissue.  For  example,  fibrosis  of  the  niyocardin  m  (  j).  *145) 
is  most  frequently  produced  in  this  way.  In  the  kidm^ys  tln^  priinary 
effect  is  on  the  glomeruli,  which  undergo  hyaline^  (4iajig(^  ;  this  is  a.n 
important  lesion  in  primary  arterio-sclerosis  and  again  h^axis  s(‘e.onda,riiy 
to  various  degrees  of  fibrosis.  In  the  brain  too,  (\sp(H*iaJ!y  in  senile 
states,  a  patchy  sclerosis  with  disappearance  of  nerve  eieni(mts  may 
be  brought  about  in  a  like  manner.  In  the  limbs,  various  tr-ophie.  ;nid 
circulatory  disturbances  may  result  from  imperfcH^t  su|)ply  ol'  aiimhil 
blood,  and  after  walking,  a  cramp-like  pain  with  inability  to  progiwss, 
‘intermittent  claudication,''  is  not  an  uncommon  symptom.  Th(\so 
effects,  however,  are  more  conveniently  considered  in  conneetion  with 
the  different  systems. 


r 

>  THROMBOSIS 

Thrombosis  is  sometimes  described  as  coagulation  witliin  tlio 
vascular  system  during  life,  but,  as  the  process  is  not  always  identical 
with  coagulation,  it  would  be  better  to  describe  it  as  the  forma, Uon  of  a 
solid  or  semi-solid  mass  from  the  constituents  of  the  blood  wWdn  the 
vascular  system  during  life.  Thus,  a  tumour  growing  into  a  vein  is  not 
a  thrombus, sometimes  resemble  it  in  ap[)(‘a.ra,nc,(‘. 
Thrombi  may  form  in  any  part  of  the  vascular  system-  -heart,  ar-hnh's, 
veins  or  capillaries.  They  vary  considerably  in  appea/rancai  a.nd  a,r(^ 
often  classified  as  red,  pale  and  mixed  thrombi.  The  ihmI  thrombi 
are  the  most  rapidly  formed,  and  the  process  is  chiefly  one  of  ordinary 
coagulation.  Pale  thrombi  are  of  a  firmer  consistence  and  liave  'a 
dull  structureless  appearance  ;  they  present  various  shades  of  cjolour, 
from  greyish  white  to  pale  red.  In  the  heart,  rapidly  formed  thrombi 
may  have  a  yellowish  colour,  owing  to  their  being  largely  (K)mpos('d  of 
fibrin.  Mixed  thrombi  vary  in  appearance,  according  to  the  rapidity 
of  formation,  some  parts  being  pale  and  slowly  formed,  otiiers  ved. 
Sometimes,  especially  within  aneurysms,  paler  and  darlvcvr  })a,rts 
alternate,  so  that  a  laminated  appearance  results  (Fig.  17).  We  shall 
now  give  an  account  of  the  characters  of  thrombi  as  they  are  mot  with 
in  various  situations,  and  afterwards  discuss  their  mode  of  formation. 


Sites  and  Varieties  of  Thrombosis. 

(a)  Cardiac  Thrombosis.  In  the  case  of  the  heart,  the  dark  post¬ 
mortem  clots  which  are  nearly  always  present  are,  of  course,  to  be 
excluded.  They  are,  as  a  rule,  uniformly  dark  and  of  a  soft  con¬ 
sistence,  and  are  formed  by  simple  coagulation  of  the  blood  after 
death:  occasionally  the  red  corpuscles  settle  before  coagulation 
occurs,  and  the  upper  (that  is  anterior)  part  of  the  clot  is  yellow  and 
gelatmous.  The  most  rapidly  formed  thrombi,  in  the  strict  sense 
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are  the  so-called  agony  thrombi  or  clots  (Fig.  12).  They  may  occur 
in  both  ventricles  but  are  commoner  on  the  right  side.  They  are  of  a 
yellowish  or  pinkish  colour  and 
somewhat  stringy  consistence, 
usually  attached  to  the  muscle 
at  the  apex  of  the  ventricles, 
and  they  form  elongated  masses 
which  often  extend  through 
the  arterial  orifices.  They  are 
composed  chiefly  of  fibrin  with 
leucocytes  and  red  corpuscles 
entangled,  the  fibrin  having 
manifestly  been  separated  out 
from  the  blood  when  it  was 
still  circulating  ;  they  are  not 
uncommon  when  death  has 
occurred  somewhat  slowly,  and 
they  are  nearly  always  present 
on  the  right  side  in  cases 
of  lobar  pneumonia.  Thrombi 
of  slower  formation  occur  both 
in  ventricles  and  auricles. 

They  may  be  in  the  form  of 
ii'regular  deposits  of  reddish 
colour  varying  in  depth  and 
of  a  moderately  firm  consis¬ 
tence  ;  or  they  may  be  more 
rounded  and  of  a  pale,  some¬ 
times  yellowish,  appearance. 

The  latter  are  sometimes  known  as  "cardiac  polypi  ’  (Fig.  13).  Such 

thrombi  usually  occur  in  the 
depressions  between  the  muscular 
bands  and  occasionally  may  show 
autolytic  softening  in  the  centre. 

In  the  ventricles,  the  commonest 
site  is  the  apical  part  of  the  left 
ventricle,  and  in  the  great  majority 
of  cases  the  thrombi  are  secondary 
to  fibrous  change  in  the  muscle 
underneath.  They  may  be  of  large 
size  especially  where  there  is  a 
local  dilatation.  In  the  auricles, 
thrombosis  is  commonest  in  the 
appendix,  especially  on  the  right 
side,  and  is  frequently  met  with 
Fig.  13.— Globular  thrombi  in  cases  of  cardiac  disease  with 

right  ventricle,  x  1.  distension  of  the  auricles.  Small 


Fig.  12. — Agonal  clot  ^  in  right  ventricle 
extending  along  the  pulmonary  artery 
in  a  case  of  pneumonia.  x  1. 
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giobiilar  tiirombi  also  may  occur  in  tlie  auricles;  a.iul  in  niita’al 
stenosis,  a  so-called  ‘  ball-thrombus/  wliicli  may  reach  more  1-baii 


Fig.  14. — Thrombus  within  auricle. 

(a)  Beartjniuscle.  {b)  Thrombus:  some  parts  are  loose,  oiliers  (leiiH(«. 


someth  f„t„s  m  the  left  anricio  ,„„l 
■  .  The  TegetiiHoiia  wh.eh  fotm  on  the  valve.,  in  end.ioarditi 


Sometimes,  however, 
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are  essentially  thrombi.  In  the  rheumatic  type  they  appear  as  minute 
pmlash-grey  bead-like  projections,  but  in  bacterial  endocarditis  they 
come  to  form  larger  and  sometimes  crumbling  masses  (Fig.  15). 
iheir  character  will  be  described  more  fully  later,  but  the  denser 
vegetations  are  excellent  examples  of  thrombi  very  slowly  formed  over 
clciniaged.  parts  of  the  endocardium . 

(h)  Arterial  Thrombosis.  In  the  arterial  system,  thrombosis  is 
commoner  m  the  smaller  vessels,  as  the  blood  stream  is  slower  in 
them.  The  thrombi  are  usually  formed  gradually  and  are  of  the 
paler,  denser  variety.  It  is  noteworthy  that  the  aorta  may  be  the 
seat  of  advanced  atheroma,  with  great  irregularity  of  the  surface, 
Without  the  occurrence  of  any  thrombosis.  ‘ 
thrombus  formation  may  take 
place  over  a  roughened  patch, 
especially  when,  at  the  same  time, 
there  is  a  depression  (Fig.  16). 

The  conditions  of  occurrence  in 
the  arterial  system  clearly  point 
to  the  Importance  of  the  rate  of 
tlie  blood  stream  as  a  factor. 

Within  an  aneurysmal  sac  some 
amount  of  thrombus  is  the  rule, 
and,  as  has  been  said,  the  throm¬ 
bus  has  often  a  laminated  char¬ 
acter  and  occasionally  may  come 
to  fill  the  sac  (Fig.  17). 

(c)  Venous  Thrombosis.  Throm¬ 
bosis  in  the  venous  system  is 
commoner  than  in  the  arterial, 
even  although  the  former  is  less 
affected  with  disease  ;  the  slowness 
of  the  blood  stream  in  a  vein  is  here 
the  important  factor.  The  site  is 
often  in  connection  with  a  valve 
or  some  thickened  patch  in  the 

intima.  The  thrombus  in  its  '-''lO-  ie -Atheroma  of  ^the  aorta  with 

.  ,  extensive  thrombus  formation  over 

initial  Stage  is  slowly  formed  and  the  origin  of  superior  mesenteric  and 
is  of  pale  colour  and  dense  consist-  other  arteries.  Infarction  of  intes- 
ence.  In  its  subsequent  growth,  resulted.  x 

which  takes  place  more  rapidly,  it  is  composed  of  pale  trabeculse 
or  lamin<B  with  red  coagulum  between  ;  these  extend  outwards  from 
the  wall  of  the  vessel,  and  ultimately  lead  to  occlusion  of  the 
lum(‘u.  Med  thrombus  then  extends  up  to  the  point  of  entry  of  the 
iHxxt  tributary  vein  where  it  is  again  capped  with  more  slowly  formed 
wliit('  })latelet  thrombus,  forming  an  oval  mass  wdiich  has  been  com- 
paix^l  to  a  serpenMs  head  projecting  in  the  direction  of  the  blood 
flow  (Fig.  18);  in  turn  this  grows  until  narrowing  of  the  lumen 
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again  brings  about  rapid  formation  of  red  tlirombus.  Tlu^  (•oiitiiiiKMl 
extension  of  this  process  up  the  vein  leads  to  its  ocelnsion  by  <i  mass 
of  thrombus  consisting  alternately  of  tlie  |)ale  and  r(Mi  vai-i(dvi(\s. 
The  upper  portions  are  often  only  loosely  attached  to  tlu‘  vco'n  wall 
and,  where  large  veins  join,  the  tractive  force  of  tlu^  blood  stiaNini 
may  bring  about  detachment  of  a  length  of  clot  wbicli  is  tluvii  ca.i'ried 
to  the  lungs  giving  rise  to  fatal  pulnionary  eufbolism  ([).  22).  In 


many  eases  of  venous  thrombosis  its  occur¬ 
rence  is  traceable  to  some  local  lesion  ot 
the  wall  or  to  the  spread  of  some  patlio- 
logical  process  from  outside.  Thus  it  occurs 
when  the  vein  is  involved  in  a  chronic; 
inflammatory  process,  when  it  is  prc'ssed 
on  or  invaded  by  tumour,  and  abovc^  a, 1 1 
when  a  septic  inflammation  reaches  it. 


Fig.  17. — Laminated  thrombus  from  Fig.  is.  

aneurysmal  sac.  x  Ihmrnhus  in  i.i- 

ferior  vona.  (ntvai, 
with  roufulod  pro¬ 
jection  at  up|)orond. 

X  .y 

In  the  last-mentioned  cavse  the  thrombus  may  bt3  invaidcal  by 
organisms  and  become  the  seat  of  suppurative  changes  Tbrom- 
bosis  in  veins  is,  however,  also  common  in  various  (;oii(lit,ious  of 
infection  or  malnutrition,  often  without  manifest  local  Ic^siou  to 
originate  it.  It  is  met  with,  for  example,  after  fevers,  es|)(‘c.ia.lly 
typhoid,  after  child-birth,  and  it  was  not  uncommon  in  dilorosis. ' 

Another  important  form  is  that  met  with  after  operations . 'pof^L- 

opercaive  thrombosis.  Its  commonest  site  is  an  iliac  or  femoral  vein 
and  Its  tributaries,  more  frequently  on  the  left  side  ;  and  it  may  be  a 
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ioriuidahk^  (iompli cation,  as  not  infrequently  the  thrombus  becomes 
(l(‘{;a,(Ii(H j  ajul  results  in  fatal  pulmonary  embolism.  The  thrombosis 
occurs  (‘spc'cially  after  operations  on  the  abdominal  and  pelvic  organs  ; 
it  is  r(^Ia(ivcly  rare  after  operations  on  the  upper  part  of  the  body. 
0(H^a.si()nally  the  process  of  thrombosis  can  be  traced  from  the  site 
ol  ojKa-ation,  but  usually  it  starts  quite  apart  from  it  in  the  veins 
oJ.  1.1  c.a.If  of  the  leg,  from  which  it  extends  upwards  into  the  femoral 
and  iliac  veins.  It  may  occur  in  aseptic  cases,  though  it  is  more 
frequent  in  septic  conditions.  The  tendency  to  thrombus  formation 
in  tliis  site  is  undoubtedly  increased  by  the  pressure  on  the  calf  muscles 
wh(^n  the  patient  is  recumbent  with  little  or  no  movement  of  the  legs, 
and  th(‘  I'isk  may  be  diminished  by  active  or  even  passive  movement 
of  tii(^  h^gs  in  the  early  post-operative  period. 

In  poorly  nourished  children  thrombosis  may  occur  in  the  superior 
longitudinal  sinus,  and  may  give  rise  to  hsemorrhage  on  the  surface 
of  the  brain  (p.  13).  This  variety  is  sometimes  called  marantic 
thrombosis.  A  tendency  to  thrombosis  is  noted  also  in  those  with 
chronic  cardiac  disease  and  venous  congestion  and  in  conditions  of 
cachexia,  for  example  that  due  to  cancer. 

{d)  Capillary  Thrombosis. 
their  walls  are  much 
damaged  or  actually  ne¬ 
crosed,  e.g.  in  severe  inflam¬ 
mation.  They  are  usually 
composed  of  red  corpuscles 
which  are  fused  together 
into  homogeneous  masses, 
whilst  the  scanty  plasma  be¬ 
tween  them  has  coagulated. 

These  facts  with  regard 
to  different  kinds  of 
thrombi  in  the  human 
subject  suggest  that  in 
their  formation  the  chief 
factors  concerned  are  (a) 
abnormality  in  the  vascular 
endothelium,  (6)  slowing  or 
stagnation  of  the  blood 
stream,  and  (c)  possibly 
some  altered  blood  states. 

Causation  of  Thrombosis.  We  have  now  to  consider  the  exact 
structure  of  thrombi  and  experimental  evidence  as  to  their  mode  of 
formation.  If  we  examine  a  pale  and  dense  thrombus,  that  is,  a 
slowly  formed  thrombus,  we  find  that  it  is  composed  essentially  of 
homogeneous  or  slightly  granular  structureless  material,  in  which 
only  a  few  leucocytes  may  be  present,  though  in  spaces  or  fissures  in 
the  material  they  may  be  abundant  (Fig.  20).  When  the  thrombus 


Thrombi  form  also  in  capillaries  when 


Fig.  19. — Early  vegetation  on  aortic  valve, 
showing  deposit  of  hyaline  material  on  the 
surface  with  early  organisation.  (Prof. 
A.  C.  Lendrum.)  X  100. 
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has  been  formed  less  slowly,  as  in  a  vein,  the  dcMisi^  niatoriaf  is  of  Ian  i 
arranged  in  trabecuhe  or  laniiiicB  so  as  to  give  a  soi’t  of  coralline  a])])(‘ar" 
ance,  and  leucocytes  are  often  seen  adhering  to  tli(‘  surface  of  these 
in  large  numbers.  In  tlie  spaces  between  tlie  tral)e(uihc  a  r(‘ti(niluni 
of  fibrin  varying  in  density  is  present,  and  its  luesliwork  is  iiflcal  with 
red  corpuscles  along  with  a  certain  number  of  leucocytes  (IL'g.  21). 
The  nature  of  the  material  constituting  the  denser  tralxanihir  portions 
of  the  thrombus  was  for  long  the  subject  of  discussion,  but  it  is  now 
known  to  be  essentially  composed  of  fused  [)lood  platelets.  Sonu'.  of 
the  dense  material,  however,  may  be  alterc'd  fibrin  \vh\d\  lias  Ixu-onu^ 
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Fig.  20. — Portion  of  pale  thrombus, 
showing  dens©  masses  of  granular 
material,  composed  of  fused  plate¬ 
lets,  with  collections  of  leucocytes 
between,  x  250. 
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Fig.  21. — Portion  of  rod  (.hrombiiH, 
showing  reticulum  of  (il)riu  with 
leucocytes  and  mnnorous  I'l^d 
corpuscles  hoUvoou.  x  250. 


homogeneous  in  appearance,  as  we  know  that  a  similar  change  may 
occur  in  fibrin  in  old  inflammatory  exudates,  in  the  prowi.s.s  nf 
tbroni^k  generally,  it  may  thus  be  said  that  tluTiiTst-Tic?^^ 

IS  deposition  ofpla^eletswMch'  beMEHe^lutnuitta  1  and  iiisctd  togc'tlicr 
The  subsequent  structure  of  the  thrombus  depends  mainly  on  the 
rate  of  blood  flow.  If  this  is  rapid,  as  in  an  artery  or  over  a  lu^airt 
valve,  the  thrombus  is  mainly  formed  by  the  progressivci  deposilion 
oi  platelets  ;  if  it  is  less  rapid,  as  in  a  vein,  the  deposition  of  platelets 
formation  of  trabeculae  or  laminai  whioiri^^v’mirfr^;;;: 

.  leucocyte  adlTcu’c  “'"’l"?n)m 

the-^ei^a¥ses"TEromES^^^^  diffuses;  and  leads  to  coagu¬ 
lation  m-  the  mterspaces.  Finally,  when  the  blood  flow  is  brought 


DISTURBANCES  OF  THE  CIRCULATION  29 

to  a  staiidstill,  a  dark  red  thrombus  is  formed  with  relative  rapidity 
and  is  mainly  the  result  of  ordinary  coagulation. 

The  part  played  by  the  platelets  in  thrombosis  depends  mainly  on 
the  sticky  or  adhesive  character  which  they  assume  when  blood  is  shed, 
or  when  they  are  brought  into  contact  with  an  abnormal  vascular  lining. 
In  fact,  this  change  is  brought  smout  by  the  same  conditions  as  those 
which  give  rise  to  coagulation,  and  there  is  evidence  that  a  thrombo- 
kinase  is  formed.  Eberth  and  Schirnmelbusch  showed  that,  in  normal 
states^  of  the  circulation,  the  platelets  circulate  along  with  the  red  blood 
corpuscles,  with  which  they  mingle  freely.  If,  however,  the  stream 
is  gradually  slowed,  a  point  is  reached  when  they  fall  out  into  the 
peripheral  zone  and  come  in  contact  with  the  vessel  wall.  Any  local 
dilatation  leads  to  an  eddy  or  whorl  in  the  stream,  and  in  this  case 
also  there  is  a  falling  out  of  the  platelets.  These  observers  found 
that  if  a  vessel  wall  were  merely  damaged,  e.g.  by  a  caustic, 
thrombosis  might  not  occur,  but  if  at  the  same  time  the  damaged 
part  were  projected  inwards,  the  platelets  were  brought  into  contact 
with  its  surface  to  which  they  adhered,  heaping  themselves  up  and  in 
this  way  starting  a  thrombus.  Their  general  conclusion  accordingly 
was  that  the  two  important  factors  in  thrombosis  are  (a)  damaged 
brings  out  the  adhesive  properties  of  the  platelets. 
^d  (5 )  somecon3inbn"‘'QUthe°M  brings  the  platelets 

into  contact  wTdbTkTdamageT^^  conclusion  is  accordingty 

in  agreement  wTEh  wliatnS^  observed  in  the  human  subject,  as 
desciibed  above.  Although  the  platelets  may  be  concerned  in  coagula¬ 
tion  itself,  and  for  this  there  is  clear  evidence,  the  thrombus  at  an 
early  stage  is  simply  formed  by  the  massing  together  or  conglutination 
of  the  platelets,  and  not  by  a  process  of  coagulation,  although  the 
latter  may  occur  secondarily. 

^  With  regard  to  the  occurrence  of  thrombosis,  in  general  the  starting- 
point  is  either  some  lesion  of  the  vascular  intima  or  of  the  endocardium. 
In  all  such  conditions,  the  local  lesion,  aided  often  by  a  slow  blood 
stream,  affords  a  satisfactory  explanation  of  the  thrombosis.  Wright 
has  shown  that  after  parturition  and  surgical  operations  there  is  not 
only  an  hicrease  in  the  number  of  circulating  platelets  but  also  an 
increase  in  their  adhesiveness,  probably  due  to  an  increased  propor¬ 
tion  of  young  platelets  sent  out  from  the  marrow.  Heparin  and 
dicouniarol,  now  sometimes  used  as  prophylactic  agents  against  post¬ 
operative  thrombosis,  possess  amongst  other  properties  a  capacity  to 
decrease  the  adhesiveness  of  platelets  and  thus  to  diminish  the  tendency 
to  platelet  deposition  which  is  the  start  of  most  postroperative  throm¬ 
boses.  Bacteria  have  been  found  in  such  conditions,  and  invasion  of 
the  intima  by  them  may  be  the  immediate  cause  ;  whilst  in  various 
fevers  small  collections  of  leucocytes  have  been  detected  in  the  intima 
of  vessels,  and  the  presence  of  these  is  an  indication  of  damage  to  the 
wall,  which  may  possibly  be  produced  by  toxic  action.  Again,  certain 
bacterial  products  tend  to  promote  coagulation.  The  Staphylococcus 
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aureus,  for  example,  produces  a  coaouljisc'.  wliich  lias  a  s(,rilvin,r 
effect  ill  accelerating  and  intensifying  clotting.  .But  siicli  c.\|.lanatioiis 
cannot  be  justifiably  applied  in  all  cases.  In  view'  of  this  faci,,  a. 
number  of  observers  hold  that  thrombosis  ma.y  occur  simply  a.s  tlie' 
result  of  stagnation  of  the  blood,  and;tlu',\'  accm'dingly  s|)cak' of 
thrombosis.  It  must  be  admitted  tliafi  a,bnoi’ma.l  slowim.ss  of  tiie  blood 
stream  is  an  important  contributory  cause,  and  will  act  (‘specia.Ily 
when  the  lower  part  of  the  body  is  immobilised  :  ami  we  ma.y  sa.y 
also  that  in  many  instances  thrombosis  would  not  luive  occMiri’ed  hard 
such  stagnation  not  been  present.  But  even  w'itb  a  .slow'  blood  strea.m, 
provided  that  the  vascular  intinia  is  luadthy,  there  is  no  evidence,' 
experimental  or  otherwise,  that  the  forma, tion  of  a.  t.lirombii.s  will 
occur.  It  seems  to  us  that  W'e  must  assume  in  such  ca.ses  the  pi'esence 
of  some  local  lesion  of  the  intima,  whicli  may  be  the  ivsidl,  of  a,' mild 
infection,  malnutrition  or  toxic  action.  Its  nature,  however  is  oltim 
quite,  obscure. 

There  is  no  evidence  that  leucocytes  jilav  an  imporlra,nt  part  in 
the  formation  of  thrombi,  although  at  iilaies  they  uuirV  oecur  in 
considerable  numbers,  in  crevices  or  eid,a,ngled  in'  the 'fibrin.  In 
leukemia,  however,  where  the  leucocytes  arc*  in  gnairt  e.xcess,  they  nia,v 
accumulate  in  masses,  and  lead  to  obstruction.  In  this  ca,sc  we  mii'y 
speak  of  leucocyte,  thrombi.  Secondary  invasion  of  |,h(‘  blood  b'y 
bacteria  is  common  in  this  disease,  however,  a,ud  it  a.ppi-a.i's  likely  tleit 
they  may  be  the  means  of  starting  the  formation  of  tlm  tliroi'nbi.' " 

ine  bites  of  certain  snakes  cause  exten.sive  thrombosis  or  ratluu- 
coagulation  of  the  blood  in  the  vascular  system,  as  the  venom  is  a 
powerful  thrombokmase.  This  fact  is  utilised  in  the  (|ua,ntitu,t,ive 
estimation  of  plasma  prothrombin  and  also  cliifieally  in  the  trea,l,ment 
of  haemorrhage  after  tooth  extraction  in  luEmophilia.  * 

Sequels  of  Thrombosis.  The  normal  occurrence  may  be  said 
to  be  the  process  of  organisation.  The  thrombus  b<‘conu's  ,H.rnu.ate,l 
by  young  connective  tissue  cells  and  capillaries,  the  hdli-r  m-owim^ 
in  from  the  vasa  vasorum  and  from  the  intimal  emlotlu.liinn  •  Us 
substance  becomes  gradually  absorbed  and  ultimately  replaced  by 

rort'endl"  r  ™ls  whic!h  i^ 

from  the  endothehum  covering  the  thrombus  anastomose,  and  ihmi 

way  a  new  channel  may  bo  formed 
nd  the  thrombus  is  said  to  be  canalised.  The  restonition  of  <}in 

The  procas  of  orgm,s»t.on  requires  ,  eomparatively  oiai '. 

hbrosed  m  ar"? **‘0  ‘“*0'  “  “f  ilis, o  „  is 

may  become  infected  ceitdin  cascH  thrombi 

softening  by  their  action  “^^7  undergo 

o  y  rneir  action.  A  thrombus  in  a  vein,  for  instance,  may 
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th...s  undergo  .suppuration,  and  portions  may  be  carried  by  the  blood 
btiea.n  and  give  ri.se  to  abscesses  in  other  parts  of  the  bodv  •  pyiemia 
in  fact,  IS  often  produced  in  thi,s  wav  (p  177)  “  ’  ’ 

cerftJf  ^‘^^“bosis  often  leads  ^to  serious  effects,  it  has  also,  in 
ceitain  cases,  a  protecUve  function.  When  an  ulcerative  process  for 
instance,  reaches  a  vessel  and  destroys  the  wall,  thrombLis  within 
the  vessel  may  prevent  the  occurrence  of  hemorrhage  ;  so  also  when 
^  ere  IS  organismal  invasion  of  a  vein  with  suppuration,  the  thrombosis 
which  extends  beyond  the  part  invaded  by  the  organisms  may  some- 
wmes  act  as  a  barrier  to  their  entrance  into  the  circulation  ^This  is 
well  illustrated  in  the  ease  of  suppurative  thrombosis  in  the  sigmoid 
sinus,  where  pyaemia  occurs  only  occasionally,  since  ordinary  trom¬ 
bus  usually  extends  beyond  the  actual  suppuration. 

embolism 

+1,  ?u  tbe  transference  of  abnormal  material  by 

in  a  vessel.  The  material  which 
called  an  embolus  may  be  of  various  kinds.  In  the  great  majority  of 
cases,  it  IS  a  portion  of  a  thrombus  or  of  a  vegetation  on  a  heart  valve  • 
occasionally  material  from  an  ulcerated  atheromatous  patch  A 
portion  of  a  tumour  may  form  an  embolus,  and,  in  the'^case  of  the 
capillaries,  there  may  be  embolism  by  bacteda,  fat  globules,  air 
globules  or  collections  of  parenchyma  aells.  The  site  of  embolism  wilf 
•®~2^e^^nd_on_t^ouj^  of  the  embdllr~~^i™.~for 

embolism  of  the  pulmonarylrterTes  and  thdr^ranches  is  secondary  to 

thrombosis  in  the  systemic  veins  or  in  the  right  side  of  the  heart.  It  is  to 
be  noted,  however,  that  in  some  instances  where  there  has  been  a  patent 
foramen  ovale,  an  embolus  has  passed  from  the  right  side^the  heart 
to  the  left  auricle  and  thence  been  carried  to  the  systemic  circulaitibn  “ 

such  a  (^ondMionhasheen  called  crossed  OT  paradoxical  embolism.  WitS 
this  exception  the  emboli  occurring  in  the  systemic  circulation  are 
derived  from  thrombi  on  the  left  side  of  the  heart,  from  vegetations 
on  the  aortic  and  mitral  valves,  and  occasionally  from  thrombi  in  the 
aorta  or  large  vessels  or  from  portions  of  atheromatous  patches  In 
the  case  of  emboli  carried  from  branches  of  the  portal  vein  the 
embolism  of  course  occurs  Jji_fclie-poitaTJbyanches  in  the  liver 
^  Effects  of  Embolism.  As  regards  the  effects  of  embolism,  a  dis¬ 
tinction  between  bland  or  aseptic  emboli  and  those  containing  organ¬ 
isms  IS  of  great  importance,  (a)  In  the  case  of  the  former,  the  results 
are  simply  those  of  mechanical  plugging  and  wiU  vary  according  to 
the  site  of  the  embolus.  These_Mecto-Jiaji^  been  Mg 

.arterial  obstruction.  Thus  Infarction 
m  various  organs,  softening  in  the  brain,  etc.,  are  produced  (p  16) 

A  specially  important  form,  however,  is  the  pulmonary  embolism 
resulting  from  the  detachment  of  a  thrombus  in  a  large  vein,  usually  the 
femoral  It  occurs  most  frequently  about  the  tenth  day  after  operation 
alt.h(mgh  also  both  before  and  after  that  time.  Such  thrombi  form 
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in  conditions  which  have  already  been  described  (p.  2())  niid  in  an3^  ot 
tlieni  pulmonary  embolisni  may  residt.  It  is  a  not  uncommon  (‘V(mt 
after  operation  and  leads  to  death  in  })atients  wiio  ai‘(‘  ai)i)ai-(‘ntly  doin^ 
well.  As  has  been  indicated,  the  thrombiis  is  of  considcn-abh^  kmgtii 
and  it  may  become  separated  en  masse  and  carried  to  tlie  right  sick' 
of  the  heart,  causing  a  sudden  blocking  of  tlie  pubiiomiry  trunk  or 
one  of  its  divisions.  The  result  is  often  rapidly  fatal,  dea,th  oc-eiirihig 
at  once  or  after  a  varying  period  of  puliiionary  districss. 
thrombus  is  sometimes  so  long  that  it  is  found  post,  m,orteni  (ioital  uj) 
like  a  snake  in  the  right  ventricle  with  one  end  (^xl, (aiding  a.Iong 
the  pulmonary  artery  (Fig.  22) ;  or  the  thrombus  may  he  (iontaiiu'd 
within  the  pulmonary  artery  or  its  branches.  Wlien  tlie  paticmt 
has  lived  some  time  after  the  embolism,  a  varying  amount  oF 
haemorrhagic  infarction  may  be  present  in  the  parts  8U|)pIied  liy 
the  blocked  vessels.  Infarction,  however,  is  never  co-ex  tensive  witii 
the  area  of  distribution,  and  sometimes  there  is  none,  Pnlniomiry 
embolism  is  rare  in  children  (Blacklock).  Tins  j'afluu*  snggx^slHS 
that  the  occurrence  of  the  initial  venous  thrombosis  From  which 
the  embolus  arises  is  due  to  minor  lesions  in  the  vamous  iiitima,  wldxdi 
develop  as  age  advances. 


(6)  If  the  emboli  contain  bacteria,  suppuration  may  follow ;  this  is  th(‘ 
ordinary  method  in  which  multiple  abscesses  are  ])r()duc(‘d  in  jiyamiia. 
In  other  cases,  without  actual  suppuration  there  may  bt^  inllani. 

matorycliange,  for(c\a,ni))l(‘ 


Fig.  22.--Pulnionary  embolism;  heart  sho 
mg  large  cylindrical  embolus  in  right  vc 
tncle  extending  up  into  left  pulmona 
artery,  x  L  ^ 


fibrinous  exudation  on  th(‘ 
surface  of  a,n  in  fa, ret.  An 
infective  embolus,  when 
arrested  in  an  artcuy,  oca^a,- 
sionally  weak(ms  tlic^  wall 
and  gives  risc^  to  an  an¬ 
eurysm — mycotic  aneurysm 
(p.  315  ).  In  various  sevp... 
tic90mic  and  pyamuk^  con¬ 
ditions,  the  capilJari(\s  may 
be  seen  to  be  eompkd.ely 
plugged  by  organisms,  most, 
frequently  micrococci,  tlu^ 
appearance  being  as  if  (un- 
bolism  of  bacteria  bad 
occurred,  but  in  such 
conditions,  what  usually 
happens  is  that  either  a 
few  organisms  settle  on 
the  endothelial  surface  and 
then  grow  so  as  to  fill  the 
capillary,  or,  on  the  other 
hand,  a  small  portion  of  a 
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thrombus  carrying  the  organisms  becomes  impacted  and  the  organisms 
then  grow  along  the  capillaries,  the  number  of  bacteria  being  greatly 
increased  by  growth  post  mortem. 

Embolism  from  tumours  is  of  two  kinds.  A  few  cells  of  the  tumour 
may  gain  access  to  the  blood  stream  and  form  an  embolus  in  a 
capillary  in  some  distant  organ.  This  is  the  method  by  which 
secondary  growths  ordinarily  occur  by  means  of  the  blood  stream. 
In^  other  cases  there  may  be  actual  growth  of  a  tumour  into  a  large 
vein,  and  a  portion  of  this  may  become  detached,  carried  by  the 
blood,  and  impacted  in  a  vessel,  usually  a  branch  of  the  pulmonary 
artery  or  of  the  portal  vein. 

Fat  Emholism.  The  entrance  of  fat  into  the  circulation  occurs 
as  the  result  of  laceration  of  a 
vein  surrounded  by  adipose  tissue, 
and  its  commonest  cause  is  frac¬ 
ture  of  a  long  bone  with  lacera¬ 
tion  of  the  fatty  marrow.  It 
has  been  observed  after  laceration 
of  adipose  tissue  generally,  or  of 
a  fatty  liver ;  also  in  caisson 
disease.  It  is  stated  to  occur,  to 
a  certain  extent,  also  in  inflam¬ 
mations  of  tissues  rich  in  fat. 

Probably  in  every  case  of  frac¬ 
ture  of  bone,  fat  enters  the  circula¬ 
tion,  but  it  is  only  occasionally 
that  it  gives  rise  to  symptoms, 
and  a  fatal  result  is  rare.  In 
fatal  cases,  the  fat  is  found  to 

be  present  in  large  quantities  in 

n  «apmaries  m  a  case  oi  caisson  aisease. 
of  globules  in  the  small  T];ie  appears  as  unusually  large 
arteries  and  capillaries  of  the  clear  globules.  (A.  C.  L.)  x  125. 
lungs,  whilst  there  are  usually 

marked  oedema  around  and  also  scattered  haemorrhages.  Death 
appears  to  result  chiefly  from  mechanical  plugging  of  the  pulmonary 
capillaries,  and  the  chief  symptoms  are  pulmonary.  A  certain 
amount  of  fat  may  pass  into  the  systemic  circulation  and  embolism 
may  occur  in  other  organs  (Eig.  23).  In  the  brain  small  hemorrhages 
have  been  found  in  some  instances  and  were  a  frequent  finding  in 
battle  casualties. 

Air  Emhohsm.  This  takes  place  when  air  is  aspirated  into  an 
open  vein,  especially  a  large  vein  near  the  heart,  but  it  may  also  enter 
the  circulation  in  fatal  amounts  through  the  placental  site  during 
obstetric  manoeuvres  which  involve  inflation  of  the  vagina.  The 
frequency  and  seriousness  of  the  condition  have  probably  been  exag¬ 
gerated.  The  air  may  produce  effects  in  two  ways.  It  may  become 
with  the  blood  in  the  right  ventricle,  forming  a  frothy  fluid, 


Fig,  23. — Fat  embolism  of  glomerular 
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aiicl  thus  may  interfere  with  the  proper  onijrtyiiit'  of  the  ea,vitv',  or 
again,  the  bubbles  of  air  may  beconu!  arrc'sted  in  t-lie  pulnioii'irv' 
arterioles  and  lead  to  the  mechanical  effects  of  cml.olisni  When  '-uV 
enters  the  circulation  it  becomes  absorbed  with  relu.tive  ra.pi,litv,  n.'nd 
It  would  appear  that  the  sudden  entrance  of  a  considci-ahh'  a.momit 
IS  necessary  to  produce  serious  results.  Experinumts  haam  shoNrn  (ha,(, 
animals  vary  much  in  their  .susceptibility  to  the  entiuncc  of  a.ir 
Kabbits,  for  example,  are  comparatively  susceptible,  whilst  do-^s  can 
tolerate  the  entrance  of  _large  quantities  without  serious  ctfcet.'r;  (i,,. 
uman  subject  is  said  to  occupy  an  intermediate  po.sil.ion.  It  is  P) 
be  noted  that  bubbles  of  gas  may  be  found  in  the  blood  .-dter  dca.tli 
action  ofa  particular  organism,  ri/,.  (he  liariUim 
welchii  {Clostndvum  perfnngens),  and  it  is  likely  that  ca,s(!s  of  this 
kind  have  sometimes  been  described  as  air  (mi holism 

Parenchyma  Cells  as  Emboli.  In  certain  conditions  special  tync^s 
of  cells  form  emboli,  especially  in  the  pulmonary  ves.sGs  ami  mav  he 
r«ogj.«d  by  their  oharacters.  Ae  e..,„plee,  L  may’,,,:!, 
ega ’aryocytes  or  giant-cells  of  the  bone  marrow  in  cas(‘s  of  friclairc 

cells  from  tlu(  placcmta, 

first  observed  in  cases  of  eclampsia  but  afterwards  found  (.o'.Kanir 
other  onditions,an<^  l  ver  cells  after  laceration  or  necrotic  h-.sion 
of  the  liver.  Such  cellular  emboli  lead  to  little  re.sult  the  cells  in  -,11 
probability  merely  undergoing  absorption. 


J-rjL.  xx 


eojcessm  accumulation  of  tluid  hi  the 
connective  tissue  spaces  or  serous  sacs  of  the  body  Wlumtl.iv 

l^dtyf  ^  ^  '  woll:  :  'mlnv! 

of  fl^id  may^for™^  The  f  ^  c:oll,w,(,i<,„s 

peritoneum.  Hydrocephalus  means  Tn  ITcLSion 

spmal  fluid  within  the  vPTttrtVir,  ““  ‘‘^cumulation  of  ccrebro- 

also  the  mechanism  o^f  nrodSion 

in  oedema,  this  lesion  will  not  be  '  o  ‘different  character  from  that 
all  cases  geneXT  LTem/ 

of  the  body  a„id»  hot  >„  .otaal  r.teota  oTLTSh  *b 

the  increase  of  weiffht  Tn ^  ix  i  the  body  as  shown 

eelt  are  ,s»lly  LiS'  beforfee^ ™  *>>■  ™‘“  ‘“U 

Itiags,  the  fluid  is  present  tiithin  fbTl  ■'"  <odem»  of  the 

oonneotivetissne.  ‘“f  “  »»«  >»  in  the 

wth  general  disturbances  of  the  nntriSrfXtfSlldlh^ 
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will  be  explained  later,  may  tend  to  intensify  the  condition,  a  sort 
ot  VICIOUS  circle  being  established.  It  is  to  be  noted  that  dropsical 
tissues  have  a  lowered  resistance  and  are  prone  to  bacterial  infection, 
and  wLen  this  occurs  the  inflammatory  changes  may  spread  rapidly.’ 

his  is  well  seen  in  the  case  of  the  serous  sacs  where  inflammation  is 
not  infrequently  superadded. 

The  fluid  in  oedema  corresponds  generally  with  ordinary  lymph  in 
composition,  but  there  is  often  a  smaller  proportion  of  proteins  and  its 
specific  gravity  is  low,  usually  1006-12,  though  figures  both  below  and 
above  this  are  met  with.  The  fluid  ordinarily  does  not  undergo 
coagulation  when  removed  from  the  body,  but  sometimes  a  loose 
coagulum  forms  ;  coagulation  may  occur,  however,  on  the  addition  of 
fibrin  ferment.  The  separation  of  fibrin  does  not  take  place  in  an 
ordinary  dropsical  fluid  in  the  body.  Accordingly,  if  fibrin  formation 
is  present,  say,  in  a  serous  sac,  there  must  be  some  other  cause  than 
that  producing  the  dropsy.  The  smallest  amount  of  protein  in  the 
fluid,  is  met  witli  in  the  more  chronic  type  of  renal  oedema,  where  it  may 
be  only  0-05  per  cent.  (Fischer  and  Fodor) ;  as  a  contrast  to  this  is  the 
fluid  m  inflammatory  oedema,  e.g.  of  the  skin,  where  the  percentage  of 
protein  may  reach  a  figure  not  much  below  that  of  the  blood  serum. 
Cells  are  always  scanty ;  they  are  chiefly  lymphocytes  and  mono¬ 
nuclears,  but  swollen  endothelial  cells  also  occur.  The  last  mentioned 
may  be  in  considerable  nuinbers  and  may  occur  in  small  clumps  when 
the  fluid  is  in  a  serous  cavity.  These  dropsical  fluids  of  low  specific 
gravity  are  spoken  of  as  transudates,  in  contrast  to  the  inflammatory 
exudates,  the  specific  gravity  of  which  is  above  1015,  and  often  con¬ 
siderably  so.  The  distinction  is  convenient  and  holds  generally,  hut 
intermediate  varieties  are  met  with,  especially  in  the  inflammatory 
oedemas. 

There  is  also  a  dropsy  or  oedema  of  cells  (p.  136)— a  condition  in 
which  they  become  swollen  omng  to  imbibition  of  water,  and  in 
ordinary  oedema,  especially  when  it  is  of  long  standing,  the  formed 
elements,  e.g.  the  collagen  fibres,  seem  to  attract  water,  and  they  may 
become  swollen  in  appearance  and  less  defined.  Sometimes  this  is  a 
marked  feature,  the  tissue  becoming  gelatinous  rather  than  water¬ 
logged  and  not  pitting  on  pressure  ;  the  term  ‘  solid  oedema  ’  is  then 
applied.  It  may  also  be  noted  that  there  has  to  be  a  considerable 
addition  of  water  to  the  tissues  before  distinct  pitting  is  noticeable. 
Lewis  found,  for  example,  that  the  volume  of  a  limb  might  increase 
16  per  cent,  before  this  occurred. 

Varieties  of  (Edema.  The  mechanism  of  production  of  oedema 
is  considered  later  but  it  is  convenient  to  state  shortly  the  main  types 
of  the  condition  met  with  clinically.  (Edema  may  be  general,  or  at 
least  widespread,  or  it  may  be  local.  General  oedema  is  met  with  in 
certain  types  of  cardiac  and  renal  disease,  and  is  named  accordingly. 

Cardiac^  (Edema  is  apt  to  occur  in  eases  of  cardiac  failure  with 
long-standing  general  verrous  engorgement.  It  appears  first  of  all  in 
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the  most  dependent  parts  of  the  body  and  gradiially  ox:t(‘ii(  ls  nf)\\'a,i'(ls. 
Thus  it  is  usually  noticed  first  round  tlie  a,nkles,  a,ii(l  |)i</th)g  ina,y  l)e, 
elicited  by  pressure  over  the  lower  end  of  the  tibia.  WIkoi.  tilu^  con¬ 
dition  is  advanced,  the  limbs  become  greatly  swollen  and  w^atcn'-loggns  i, 
while  the  sldn  is  tense  and  vesicles  may  form.  Ac(uiinu  l;rth  )!i  o  l  fin  id 
may  occur  also  in  the  serous  sacs.  When  the  patimit  is  in  IxhI, 
influence  of  gravity  is  again  manifest.  In.  this,  as  in  all  forms  ol 
oedema,  the  fluid  collects  more  readily  in  the  looser  tissu(\s,  ;ind  trh(‘ 
external  genitals  tend  to  be  markedly  affected.  We  tbns  s(h^  iliat  i!i 
cardiac  oedema  the  two  main  factors  concerned  are  (a)  gcviK^inl  vcmons 
congestion,  and  (6)  gravity,  i.e.  hydrostatic  pressiu’cc  It  is  1,0  bt^ 
noted,  however,  that  general  venous  congestion  inay  (vxisi,  for  a  long 


time  before  the  onset  of  oedema. 

Benal  (Edema.  This  may  be  met  with  {a)  early  in  tlie  (loiu’sc^  of 
acute  nephritis,  often  appearing  suddenly.  But  tlu^  morc^  (‘xtiH^nu^ 
examples  are  seen  {h)  at  a  later  stage  in  certain  (‘,a,s('s  o('  sid)a.c.ui,c 
nephritis,  ‘wet  nephritis’;  it  is  then  associated  witli  albiuniiuiria, 
and  usually  with  oliguria.  In  primary  renal  fibrosis,  renal  (edcnna  is 
absent  unless  a  more  acute  condition  is  super-iiddcxl  ;  but  nab^nia 
may  occur  at  a  later  period  as  a  result  of  secondary  dilitafion  of  Gui 
hypertrophied  heart,  and  then  presents  the  featiires’of  (^ardiav,  ouhenji, 
as  described  above.  The  distinguishing  features  of  true  rcxiaJ  (ed(‘nui 
are  that  its  distribution  is  general  throughout  the  bod^^  and  is  1<\sh 
determined  by  gi'avity,  its  amount  in  different  parts  (b^peiidiiig  (Iii(dlv 
on  the  looseness  of  the  tissues.  In  acute  nephritis  it  is  usually  n()(,ie<al 
first  m  the  tissues  of  the  face,  especially  round  tlu^  (^yes,  wlnaa^  it,  giv(‘s 
rise  to  swelling  and  an  appearance  of  pufiiness.  La,tnr‘,  it  ma,v 
more  marked  or  may  subside.  The  CBdema  of  suba,cu(,(‘  lu^pln-it.is 
(Type  II  nephritis  of  Ellis)  is  often  of  marlaxl  degrca^,  involving  not 
only  the  superficial  structures,  but  also  tlu^  dtx^p  parts  a,n(l  inkM-nal, 
organs.  There  is  usually  a  marked  fall  in  tlie  blood  protdns  witli 
corresponding  fall  in  their  osmotic  pressure.  In,  this  typ(^  of  ivnal 
oedema  we  meet  with  the  lowest  percentages  of  protdn,  in  tlu^  t,ransu- 
date.  The  significance  of  these  facts  will  afterwards  consid(‘r(Mk 

Cachectic  (Edema  or  Dropsy.  This  term  is  convenient  from  a, 
clinical  point  of  view  though  it  does  not  really  represent  a  s(^para,te 
variety.  In  many  chronic  wasting  diseases  and  anaemias,  e.g.  camxu', 
tuberculosis,  leukaemia,  etc.,  oedema  sometimes  supervenes,  especiaJly 
late  in  the  disease,  and  usually  starts  in  the  lower  extremities.  In 
many  cases  cardiac  weakness  is  the  prime  factor,  though,  it  is  ag<u‘a,. 
vated  by  the  anaemia  and  general  malnutrition  which  affects  Ixiifi'^tho 
capillary  endothelium  and  the  cells  of  the  tissues.  Pall  in  tlu^  plasma, 
proteins  will  also  favour  the  occurrence  of  oedema.  It  is  suffici(‘nt  for 
the  present  purpose  to  recognise  that  oedema  may  supervene  in  many 
teases  not  primarily  either  cardiac  or  renal  in  nature.  Effusion 

cavities  is  common  in.  many  conditions 
where  death  has  occurred  gradually. 
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Farnwe  (Edema.  An  interesting  form  of  oedema  was  observed  on  the  Con¬ 
tinent  during  the  1914-18  and  1939-45  wars,  especiaUy  amongst  prisoners,  and 
is  known  as  ‘  famine  oedema.’  It  is  clearly  caused  by  imperfect  nutrition,  and 
|)rote5in  insiifliciency  seems  to  be  the  main  factor.  Examuiation  of  trie  blood 
showed  a  marked  fall  hi  glucose,  fats  and  lipoids,  and  protehis,  the  last  being 
sometimes  reduced  to  half  the  normal  amoimt.  It  seems  likely  that  the  hydrsemic 
state  of  the  blood  with  fall  in  osmotic  pressure  of  the  proteins  is  the  most 
important  factor  in  the  production  of  the  oedema,  but  no  strict  parallelism  has 
been  found,  some  cases  failing  to  become  oedematous  in  spite  of  severe  depletion 
of  serum  albumin,  while  others  show  gross  mdema  with  plasma  protein  levels 
within  normal  limits  ;  also  the  oedema  may  disappear  before  there  is  any  notable 
rise  in  the  colloid  osmotic  pressure  of  the  |dasma.  Famine  oedema  has  been  not 
infi‘et|ii.eutly  associated  with  xerophthalmia,  a  condition  in  which  opacity  with 
ulceration  of  the  cornea  occurs,  and  which  is  regarded  as  a  result  of  deficiency 
in  hit -soluble  vitamin  A.  A  form  of  oedema,  somewhat  similar  to  famine  oedema, 
has  biM-n  observed  in  infants  when  there  has  been  excess  of  carbohydrates  in 
ih(‘  (liif  with  marked  deficiency  in  other  foodstuffs.  In  all  such  examples  of 
nutritional  oe'dema,  the  problem  is  a  complex  one,  and  the  factors  which  ^ve 
liave  mentioned  may  be  concerned  in  varying  proportions. 

Local  (Edema.  Of  local  dropsy  or  oedema  there  are  several  vari¬ 
eties.  There  is  first  of  all  that  resulting  from  obstruction  of  a  vein. 
For  example,  thrombosis  of  the  femoral  vein  is  usually  followed  by 
oedema  of  the  corresponding  limb,  the  condition  known  as  ‘  white  leg.’ 
Portal  obstruction,  often  caused  by  cirrhosis  of  the  liver,  leads  to 
ascites.  This  form  of  local  oedema  is  manifestly  related  to  the  cardiac 
type  and  will  be  considered  along  with  it.  Obstruction  of  lym¬ 
phatics,  e.g.  by  cancerous  growth,  may  sometimes  be  concerned 
in  the  production  of  local  dropsy,  as  will  be  described  below. 

GEdema  of  the  tissues  in  connection  with  inflammation,  and  gener¬ 
ally  known  as  inflammaiOTy  oedema,  is  another  form.  In  the  region 
of  a  poisoned  wound  or  malignant  pustule,  the  tissues  around  for  a 
considerable  distance  may  be  oedematous  and  may  pit  on  pressure,  and 
this  may  occur  without  the  actual  presence  of  the  organisms,  being 
produced  by  the  diffusion  of  the  toxins.  A  similar  oedema  is  often  a 
prominent  feature  around  the  bites  of  poisonous  insects  and  reptiles. 
In  other  cases  again,  for  example  in  the  group  of  malignant  oedemas 
and  gas  gangrenes,  the  oedema  of  the  tissues  is  associated  with  the 
actual  presence  of  the  causal  organisms,  though  here  again  it^  may 
extend  beyond  them.  Other  examples  of  toxic  oedema  are  urticaria 
or  nettlerash,  characterised  by  the  rapid  development  of  patches  of 
local  oedema  of  the  cutis,  and  the  slight  oedema  of  the  skin  which  is 
met  within  chronic  arsenical  poisoning.  In  all  these  cases  the  oedema 
is  the  result  of  poisons  acting  directly  on  the  capillary  walls  and  tissue 
elements,  and  thus  in  essential  nature  it  is  related  to  the  exudate  in 
inflammation.  And  the  cedema  of  the  skin  or  wheahng  which  occurs 
as  the  result  of  mechanical,  chemical  or  thermal  injury  is  similarly 
related.  As  has  been  already  stated,  it  has  been  shown  by  Lewis 
that  such  oedema  is  the  result  of  the  release  from  the  damaged  tissues 
of  a  substance  with  histamine-hke  action— -the  so-called  H-substance 
(p.  4). 
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CEdeina  due  to  Lymphatic  Obstruction.  When  the  tlioracic  duct 
is  obstructed,  as  may  result  from  malignant  growth  or  tubercle, 
or  in  cases  of  infestation  with  the  Filaria  bancrofii,  iJi(‘  lyorpliatics 
below  become  distended  and  tortuous,  and  a  common  ixvsuit  is  rupture 
of  some  of  the  lacteals  of  the  bowel  or  mesentery,  with  (‘scrape  of  cliyle 
into  the  peritoneal  cavity.  There  thus  results  wliat  is  luiown  as 
chylous  ascites,  in  which  the  fluid  has  a  milky  appearance  owing  to  tlie 
presence  of  minute  fatty  globules.  Apart  from  this,  lympliatic 
obstruction  per  se  is  rarely  a  cause  of  local  mdema,  as  tlierc  are  so 
many  collateral  vessels.  Sometimes,  howcwau-,  when  ther(‘  is  (vxtcmsive 
multiple  obstruction  of  the  lymphatics,  say  in  the  groin,  by  tlu^  ova- 
and  embryos  of  the  filaria,  important  la^suIts  follow.  Tlier(‘  is  a 
certain  amount  of  mdema,  but  owing  to  accompaaiying  in(lamma.toi‘v 
change  there  may  be  much  increase  of  the  fibrous  tissue,  and  the 
skin  becomes  irregularly  thickened  and  indurated,  a  variety  of  what 
is  known  as  elephantiasis  being  thus  produced  (p.  MlM)).  lympha-t.ic 
obstruction  by  malignant  growth  may  accentuate  the  (dlVcd,s  of  vamous 
obstruction  and  thus  increase  the  oedema.  This  is  wc‘ll  scam  wlum  a 
growth  in  the  axilla,  secondary  to  cancer  in  the  breast,  involvcas  bol  h 
the  veins  and  the  lymphatics.  But  an  oedema  of  ordinary  ty|)e  with 
pitting  of  the  skin  is  rarely,  if  ever,  produced  by  lymphatic  obstruG-iou 
alone. 


Angio-neurotic  (Edema.  (Edema  may  result  from  nervous  (listurl)a,iie,<^  nud 
may  thus  be  placed  in  the  class  of  trophic  neuroses  along  with  ucuUi  liypiu'.'emin, 
vesicle  formation,  and  other  trophic  disturbances  of  the  skin.  'rh<^  oMhona 
IS  usually  of  an  acute  and  transitory  character,  occasiomilly  of  mon^  (‘Inunic 
tpe.  Localised  cedema  of  the  skin  may  occur  in  organic  norvouH  diK(nus(b  of 
chrome  nature,  e.g.  in  locomotor  ataxia  and  syringomyelia,  and  it,  is  met,  witti 
also  in  hysterical  conditions,  sometimes  associated  with  cong(\stion  of  (,hn  i)Hrt 
Again,  mdema  may  occur  in  severe  cases  of  herpes  z()s(,(w  hr  shiugU^s  and  is 
apparently  a  trophic  effect  due  to  inflammatory  chaiigt^  in  tho  i)os(<M-ior  root, 
ganglia  If  the  nerve  lesion  is  unilateral,  as  is  iisimllv  th(^  (•a,s(s  tJu.  (cd.una 
stops  short  in  the  middle  line  of  the  body.  A  variety  known  a,s  (.hiinclufs  di.soa,se 
of  en  affects  several  members  of  the  same  family  and  is  disi,itH*l.!y  h(M'(Mlitn,rv 
In  this  condition  the  oedema  occurs  usually  in  the  fa<je  or  hands  but,  nuiy  a,rio‘(*f 
the  larynx  and  death  in  some  cases  has  occurred  from  uukana.  glottidis.  (fkhuna 
of  the  wall  of  the  bowel  attended  by  colicky  pain  has  also  Ixhui  (k^scrilxxl.  1 1,  is 
trophic  disturbance  is  one  of  tlx^  voss(^l  walls,  l)ut,  a 
direct  a_c  ion  on  the  tissues  cannot  be  excluded  ;  'in  fact,  it  is  (,uih.  likely  dad 
the  capillary  endothelium  and  the  tissues  are  affected  toged, luu’.'  Tlu^  uvlnm  of 

nd  some  of  them  may  be  really  of  toxic  origin  and  allied  to  iii-tieai-ia. 

(Ed&maofthe  Lungs.  Drinker  has  emphasised  the  great  imnortaiua' 
of  anoxra  m  leading  to  pulmonary  oedema,  and  clinically  dysp-uea 

estabUsheVllad^^  ^  readily  h<, 

ejabhshed  leading  to  progressive  and  fatal  oedema  of  the  lumps'  In 

tlm  condition  the  flmd  accumulates  in  the  air  vesicles  of  tludun<-K 

k  tSon^n  “ontained  air.  A  certain  amount  of  (edmua 

IS  common  in  the  posterior  parts  of  the  lungs  in  death  from  various 
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causes,  but  sometimes  the  oedema  is  of  great  degree  and  owing  to  the 
fluid  a  large  proportion  of  the  pulmonary  tissue  is  airless  or  '  water¬ 
logged.’  Welch  showed  that  pulmonary  oedema  can  be  rapidly  pro¬ 
duced  in  healthy  dogs  by  compressing  the  left  auricle  or  ventricle, 
or  by  ligaturing  the  aorta,  the  result  in  these  conditions  being  that 
the  blood  flow  from  the  lungs  is  interfered  "with.  Apparently  a 
similar  condition  might  result  from  a  relative  inefficiency  of  the  left 
ventricle  as  compared  with  the  right,  and  it  is  quite  likely  that 
pulmonary  cedema  is  sometimes  thus  produced  in  the  human  subject, 
especially  in  cardiac  cases.  A  recent  view  put  foiuvard  is  that  a 
neurogenic  factor  is  concerned  in  pulmonary  oedema  and  Cameron  has 
shown  that  it  c|in  be  constantly  produced  experimentally  by  intra- 
cisternal  injection  of  fibrinogen  and  thrombin  and  that  bilateral 
vagotomy  abolishes  this  result.  The  mechanism  of  the  changes  is 
obscure.  Pulmonary  oedema  of  extreme  degree  is  common  in  cases 
.of  nephritis  with  general  oedema,  though  it  is  notew'orthy  that  in 
acute  nephritis  it  often  appears  somewhat  suddenly  and  increases 
rapidly,  as  if  produced  by  some  factor  additional  to  that  which  causes 
the  general  oedema,  e.g.  acute  left  ventricular  failure.  It  is  to  be 
noted  too  that  pulmonary  oedema  is  often  of  inflammatory  origin  ; 
it  is  common,  for  example,  in  influenzal  infections  and  as  the  result 
of  the  inhalation  of  irritating  vapours.  It  may  be  caused  also  by 
fat  embolism  of  the  pulmonary  capillaries.  Certain  phenyl-  and 
naphthyl-thiourea  compormds  produce  severe  pulmonary  oedema  wffien 
administered  to  rats  intravenously  or  even  by  mouth,  but  their  mode 
of  action  is  obscure.  When  oedema  of  the  lungs  is  present  for  some 
time,  organisms  may  gain  a  foothold,  flourish  in  the  fluid  and  set  up 
inflammatory  change,  resulting  in  a  type  of  pneumonia  ;  this  is  common 
when  a  state  of  coma  has  preceded  death. 

The  pathology  of  oedema  is  too  difficult  and  too  intimately  related 
to  a  variety  of  pathological  states  to  be  discussed  profitably  at  tliis 
stage.  Accordingly  we  shall  defer  consideration  of  its  pathogenesis 
until  after  we  have  dealt  fully  with  cardiac  and  renal  disease. 


VABIATIONS  IN  BLOOD  VOLUME 

When  the  volume  of  the  blood  is  artificially  decreased  or  increased, 
we  find  mechanisms  coming  into  play  which  tend  to  restore  the 
original  volume.  In  the  case  of  a  hsBmorrhage  or  artificial  bleeding, 
if  not  too  extensive,  the  arterial  pressure,  after  falling  somewhat,  is 
restored  nearly  up  to  normal  by  contraction  of  the  arterioles ;  this 
may  be  regarded  as  a  provision  whereby  a  sufficient  arterial  blood 
supply  to  the  brain  and  heart  may  be  maintained,  but  it  may  involve 
the  sacrifice  of  much  of  the  arterial  supply  to  other  organs,  e.g.  the 
kidneys,  which,  if  the  condition  is  unrelieved,  may  suffer  severely  from 
the  diversion  of  their  blood  supply.  The  contraction  of  the  arterioles 
leads  to  diminished  flow  through  the  capillaries,  and  lowered  pressure 
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in  them,  and  as  the  colloid  osmotic  pressure^  is  thus  !(\ss  oi)j)os(ML 
absorption  of  fluid  from  the  tissues  cx'.enrs  a.nd  blood  volume  is 
gradually  restored.  The  rapidity  with  wliicli  tliis  tal<(\s  j)l;ie(^  va.i‘i(\s 
in  different  animals  and  according  to  the  stah'  of  (Ju^  (issues.  It  occurs 
with  rapidity  in  rabbits,  so  that  by  tlu^  tiuu^  an  ('xjxa’imeutai  bleeding 
has  been  performed,  a  considerable  addition  of  fluid  has  Ixavn  uuuh^  to 
the  blood,  and  as  a  result  of  the  dilution  tlu're  is  a.  fa.ll  in  t]u‘  uuiulxu’ 
of  red  corpuscles  per  c.mm.  In  the  dog  the  pro(*,(\ss  is  more  graiduai, 
and  after  the  removal  of  a  considerable  amount  of  l)]()0(l,  sa.3^  about 
a  quarter,  the  dilution  of  the  blood  is  usually  not  com|)](vt{al  l()i*  alxuit 
twenty-four  hours.  In  the  case  of  the  human  subject,  ;ibsoi'j)ti()i)  ()f 
fluid  from  the  tissues  takes  place  pretty  rapidly  ;  for  exaiiuph^,  it  hais 
been  found  that  the  removal  of  500  ml.  of  blood  fi*om  a  lu'ait.hy  ma,n 
for  purposes  of  transfusion  may  be  followcal  1)\'  rest()rafi()n  of  (lu^ 
normal  blood  volume  within  a  few  hours.  If,  howenau*,  tlie  loss  aam  )unts 
to  1,250  ml.  the  restoration  of  blood  volume  over  24  liours  lio  b(^ 


complete  and  the  blood  may  then  appear  distiiuvtly  is 

known  as  haemodilution.  Estimation  of  tlu^  iremogiobin  is  tlieiadbre 
not  a  good  index  of  severe  blood  loss  until  abouf.  50  5()  houi-s  la.tcvi* 
and  it  is  then  apt  to  be  vitiated  by  other  effects  tcmdiiig  to  j)roduc(^ 
haemoconcentration,  e.g.  shock,  dehydration,  etc. 

A  rapidly  fatal  result  from  large  haunorihage  is  juaxliux'd,  nof. 
by  a  loss  of  the  corpuscles,  but  by  the  diminution  in  tlio  volunK^  of 
the  blood,  that  is,  'by  a  loss  of  circulating  fluid  ;  prol)al>ly  tlu^  loss 
of  about  half  the  amount  of  blood  will  be  fatal,  but  tin’s  will  vai-y 
according  to  circumstances.  To  maintain  the  citaailaiion  a,  (Hu-tabi 
blood  pressure  is  necessary.  When  the  volume  is  (liminislus!,  hvss 
blood  reaches  the  heart,  and  the  pressure  can  be  maintaiiuMl  only 
by  contraction  of  the  arterioles.  This  mcxins  s1<)W(M'  flow  in  tiu'  (capil¬ 
laries,  and  ultimately  too  little  blood  retiaais  to  ih(‘  Inurt)  for  (luc  main¬ 
tenance  of  the  circulation.  The  importance  of  restoring  tluc  fluid  paal, 
of  the  blood  is  thus  evident.  Saline  fluid,  injected  intravenously,  is 
of  some  service,  but  only  temporarily,  as  it  is  rapidly  pass(':(l  oufi  of 
the  blood  into  the  tissues  and  also  excreted  in  the  mine  ;  it  apjxcars 
to  be  more  efficient  when  injected  into  loose  sulxaitanc'ous  lissmc 
The  restoration  of  fluid  to  the  blood  is  aided  by  the  administ-ration,  of 
fluid  by  the  mouth  or  rectum.  The  most  efficient  method,  howeveu*, 
IS  transfusion  of  blood,  and  in  carrying  it  out  care  should  b(c  f-alnai 
that  the  serum  of  the  patient  does  not  agglutinate  the  cjoipuscchcs  of 
the  blood  injected  (p.  46).  For  cases  where  blood  is  not  avallahh^, 
citrated  plasma  may  be  used.  When  haemorrhage  is  C()mj)li(cattxl  by 
the  coexistence  of  shock  (p.  42),  however,  all  these  methods  may  fa,i[ 
owing  to  a  condition  of  increased  permeability  of  c.a,pilla,ry  walls,  a,s 
a  result  of  which  cnlloid-containing  fluid  continues  i.o  esc*.a/r)c  iut.o 
tissues  and  the  blood  volume  cannot  be  restored  and  tnaintaiiKxl 
Ihe  opposffe  condition,  increase  of  the  blood  volume  or  plethora 
may  be  artificiaUy  produced  by  the  injection  of  fluids  into  the  circula- 
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tion,  such  as  saline  solution,  blood  serum,  whole  blood,  etc.,  but  the 
increase  is  only  temporary.  The  increased  volume  thus  produced 
leads  in  the  first  place  to  a  slight  rise  in  arterial  blood  pressure,  and 
then  to  a  vasomotor  response,  whereby  there  is  a  dilatation  of  the 
arterioles,  with  increased  rate  of  blood  flow  and  increased  pressure 
within  the  capillaries.  More  blood  reaches  in  a  given  time  the  right 
side  of  the  heart,  and  its  contractions  become  more  powerful  and 
frequent.  There  is  thus  established  a  more  rapid  circulation  of  the 
blood.  The  increased  pressure  within  the  capillaries  leads  to  more 
rapid  filtration  through  their  walls,  and  there  is  also  increased  excretion 
of  water  by  the  kidneys.  In  these  ways  the  increased  volume  gradu¬ 
ally  returns  to  normal — with  comparative  rapidity  after  the  use  of 
saline,  more  gradually  in  the  case  of  fluids  containing  colloids,  such 
as  blood  serum,  and  it  is  noteworthy  that  this  is  not  accompanied 
by  a  rise  of  plasma  proteins  to  an  abnormally  high  level,  the  excess 
protein  being  rapidly  stored  in  the  tissues.  When  the  blood  volume 
of  an  animal  is  increased  by  transfusion  of  blood,  the  loss  of  fluid 
which  follows  is  shown  by  increase  of  the  number  of  red  corpuscles 
per  c.mm.,  and  this  condition  of  polycythsemia  lasts  for  some  time. 

Apart  from  experimental  conditions,  the  blood  volume  can  be 
reduced  by  loss  of  fluid  in  various  conditions,  for  example  by  excessive 
vomiting,  sweating,  or  by  watery  diarrhoea  ;  and  the  most  striking 
example  of  the  latter  is  seen  in  cholera,  wLere  the  reduction  may  be 
very  marked,  so  that  the  blood  becomes  inspissated,  and  there  is 
a  corresponding  marked  increase  in  the  number  of  red  corpuscles 
per  c.mm.  Diminution  in  blood  volume  may  occur  when  there  is  an 
extensive  escape  of  fluid  into  the  tissues  as  a  result  of  severe  traumatism 
or  burns.  Another  example  is  in  the  case  of  poisoning  with  irritant 
gases  such  as  chlorine  or  phosgene  in  which  there  results  a  massive 
pulmonary  oedema.  In  acute  intestinal  obstruction  too  the  blood 
volume  becomes  reduced  as  part  of  the  general  dehydration  of  the 
body.  In  all  these  conditions  the  blood  volume  becomes  restored 
to  normal  when  the  cause  is  removed. 

While  in  normal  conditions  artificial  variations  in  the  blood  volume 
are  soon  got  rid  of  by  the  mechanism  described,  in  certain  abnormal 
states  the  blood  volume  may  be  altered  over  a  considerable  period  of 
time  ;  that  is,  chronio  variations  may  be  met  with.  Such  variations 
are  chiefly  in  the  direction  of  increase,  and  in  some  the  change  may  be 
regarded  in  the  light  of  adaptation,  but  in  others  the  cause  is  obscure. 
Lorrain  Smith  showed  that  the  blood  volume  in  chlorosis  was  increased 
sometimes  to  double  the  normal,  and  that  this  increase  diminished 
as  cure  takes  place.  In  this  instance  the  explanation  of  the  abnorm¬ 
ality  is  not  known.  In  splenomegalic  polycythsemia,  where  there 
is  an  increased  number  of  red  corpuscles  per  c.mm..  Boycott  found 
in  some  cases  that  the  blood  volume  was  increased,  that  is,  a  true 
plethora  was  present.  As  he  pointed  out,  this  is  probably  the  result 
of  an  adaptation  by  which  the  blood  is  diluted,  and  thus  the  frictional 
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resistance  resulting  from  tlie  increased  viscosity  is  1(yss(‘!H‘(I  to  a.  c(‘,rtain 
degree.  In  secondary  shock  there  occurs  a  diminution  ot  i)!oo(l  volume, 
as  will  presently  be  described. 


SHOCK 

Shock  is  a  condition  of  profound  depression  of  the  various  fuiudioiLs 
of  the  body.  It  may  be  caused  by  a  variety  of  condittons  by  s(0'(‘i’(‘. 
pain  such  as  in  biliary  colic,  by  various  injuries,  especially  those  of  a 
crushing  or  lacerating  nature,  by  certain  abdominal  lesions,  e.g. 
perforation  of  the  bowel,  and  occasionally  by  painful  mental  im|)ressions 
and  by  operative  procedures,  especially  when  aiuesthesia  is  not  sulti- 
ciently  deep.  In  a  state  of  shock  the  skin  is  pale  and  co  vered  witli  cold 
perspiration  and  the  temperature  is  subnormal.  The  fa.c(^  is  j)inch(al 
and  the  eyes  sunken  ;  consciousness  is  present,  but  theix^  is  usually 
a  condition  of  restlessness  or  of  torpor.  The  piils(‘  is  i-apid,  small 
and  feeble,  and  the  blood  pressure  is  markedly  diminislual  ;  tlic^ 
peripheral  blood  vessels  contain  little  blood  and  tluax'  is  a  h'sscuuMl 
amount  of  bleeding  from  a  wound.  The  r(‘s|)iiati()n  is  w(‘aik  and 
shallow  and  may  be  irregular,  and  the  excretion  of  urine  also  is 
diminished.  There  is  thus  a  condition  in  which  disturbance's  of  tlu^ 
circulatory  and  the  nervous  systems  seem  to  be  specially  concm-iual. 
Important  work,  both  clinical  and  experimental,  was  done  on  the 
pathology  of  shock  during  the  late  war,  and  two  varieties,  viv:. 
primary  and  secondary,  came  to  be  distinguished.  The  formeu*  ocaairs 
immediately  on  receipt  of  injury  or  shortly  thereafter,  and  a,[)p(airs 
to  be  chiefly  of  nervous  origin.  The  latter  occurs  some  tim(^  hit(‘r 
and  has  a  more  complex  pathology. 

With  regard. to  primary  shock  it  is  now  believed  that  this  is  hugvl  y 
of  the  nature  of  a  vaso-vagal  reaction  perhaps  due  to  ovaM-a^cd-ion  (if 
the  carotid  sinus  reflex.  The  patient  shows  palloi*  and  sweating,  feeds 
faint  and  often  vomits,  and  there  is  temporary  loss  ol  {u>iiis(‘i()usn(\ss, 
sometimes  followed  by  convulsions  from  cerebral  a,noxi<n  Th(‘  pulses 
is  markedly  slowed  during  the  attack  and  there  is  a  scweiv  lall  in  blood 
pressure.  Data  collected  during  the  recent  war  indiciafc^  thal  ilu‘  fall 
in  blood  pressure  is  due  to  sudden  loss  of  arteriohir  toiu'  throughout 
the  body,  particularly  in  the  skeletal  muscles,  I'esulting  in  maldistribu¬ 
tion  of  the  available  blood.  Rapid  recovery  usually  fcak(\s  j)huu‘. 

Secondary  shock  may  develop  some  hours  after  injury,  <\s})(‘c;ia)lly 
when  there  is  much  haemorrhage  and  laceratioti  of  the*  tissiuvs,  but 
it  may  occur  also  in  burns  and  crush  injuries  in  tlie  absemu^  of  blood 
loss.  The  symptoms  tend  to  be  aggravated  by  general  aiuestluNsia., 
especially  the  use  of  chloroform  or  ether,  and  also  by  exposiu'c  to  (sold' 
but  for  reasons  that  will  be  given  below  it  is  not  always  wisc‘,  to  try 
to  revive  the  patient  by  warmth.  It  is  now  fully  established  iluit 
the  essential  feature  of  secondary  shock  is  reduction  in  blood  volume  • 
hence  it  is  now  known  m  oligemic  shock.  This  reduction  may  b(^  diui 
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to  actual  loss  of  blood  externally  or  into  the  tissues,  but  it  is  usually 
accentuated  by  the  marked  transudation  of  plasma  which  results  from 
trauma  and  gives  rise  to  much  of  the  local  swelling,  e.g.  a  badly  bruised 
and  swollen  thigh  may  accommodate  1-5  litres  of  fluid  derived  from 
the  circulating  blood.  The  sequence  of  events  is  believed  to  be  : 
reduction  of  blood  volume — -decreased  venous  return — decreased 
cardiac  output — reduced  arterial  pressure  (which  through  the  carotid 
sinus  reflex  induces  acceleration  of  the  heart) — ^decreased  blood  flow 
to  the  organs  with  air  hunger  from  anoxaemia — ^reflex  vaso- constriction 
with  sweating  from  sympathetic  over-activity.  Thus  at  first  the 
blood  pressure  may  be  sustained  (hypertensive  reaction)  or  occasionally 
even  raised,  possibly  due  to  the  diversion  of  blood  flow  from  the 
kidneys  with  consequent  liberation  of  pressor  substances,  but  later 
the  blood  pressure  falls  precipitously,  due  to  loss  of  tone  in  the 
capillaries  throughout  the  body,  with  the  result  that  blood  accimndates 
in  them  and  their  permeability  is  increased  so  that  plasma  is  lost  to 
the  tissues  generally  and  blood  volume  is  further  reduced  ;  a  vicious 
circle  is  thus  established.  This  loss  of  capillary  tone  and  increased 
permeability  has  been  attributed  to  the  effects  of  anoxaemia  on  their 
capillarywalls,but  recent  work  by  Chambers,  Shorr  and  their  associates 
suggests  that  it  is  fundamentally  due  to  the  liberation  of  vaso-depressor 
substances.  Thus  when  oligaemia  has  brought  about  anoxaemia  of  the 
liver  and  muscles,  these  organs  liberate  increasing  amounts  of  vaso¬ 
depressor  substances  which  cannot  be  neutralised  on  account  of  the 
anoxaemia.  These  so  affect  the  capillary  circulation  that  the  venous 
return  is  further  diminished  and  a  vicious  circle  is  established  which 
may  lead  to  irreversible  shock.  The  chemical  nature  of  these  vaso¬ 
pressor  and  vaso-depressor  substances  is  not  yet  elucidated. 

Recently  Green  and  his  associates  have  pointed  out  that  shock 
may  also  be  regarded  as  a- physiologically  integrated  defensive  reaction 
designed  to  immobilise  the  animal  until  recovery  from  the  immediate 
effects  of  the  local  injury  has  occurred.  They  bring  forward  evidence 
that  certain  normal  bodily  constituents  released  at  the  site  of  injury 
may  participate  in  the  genesis  of  shock  and  they  prefer  to  call  them 
metabolic  rather  than  toxic  factors.  Among  these,  certain  nucleotides 
are  especially  important,  notably  adenosine  triphosphate,  a  substance 
normally  much  concerned  in  muscle  metabolism.  It  seems  clear  that 
such  tissue  constituents  play  a  part,  albeit  a  minor  one,  in  bringing 
about  the  essential  changes  of  secondary  shock* 

From  what  has  been  said  of  the  pathogenesis  of  oligemic  shock 
it  is  clear  that  the  condition  is  likely  to  be  aggravated  by  previous 
dehydration  of  the  patient,  such  as  may  occur  by  vomiting  or  under 
conditions  of  war.  In  oligaemic  shook,  owing  to  the  poor  retention 
of  fluids  in  the  vessels,  the  infusion  of  physiological  sahne  is  useless, 
and  the  transfusion  of  whole  blood  in  adequate  amounts  is  required. 
This  should  be  undertaken  as  soon  as  the  need  for  transfusion  is 
apparent,  as  delay  may  permit  the  development  of  the  irreversible 
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state.  When  luemocoiiocMiti'atioii  of  notable  degrei^  is  |)|•(^sen^,  a.s  in 
extensive  superficial  burns  and  in  crush  injuries,  plasma,  tra.iisfiision 
may  be  preferable  in  order  to  reduce  the  viscosity  of  the  blood. 
precautions  necessary  in  selecting  blood  for  tra,nsfnsion  a, re  outlined 
on  p.  46. 

Since  the  vital  organs  in  shock  are  suHbring  from  ina,de(|uate. 
circulation,  it  is  not  desirable  to  reduce  this  further  by  divert-ing  blood 
to  the  skin  by  the  application  of  warmth  ;  ex|)erien(Hi  in  tln^  trea.tment 
of  air-raid  and  battle  casualties  showed  that  warming  of  tln^  sho(;ked 
patient  might  have  undesirable  results. 

Burns.  The  pathology  of  burns  Ls  in  certain  res|)(ud;s  closely 
related  to  that  of  shock.  In  burns  too  the  fiic.tors  of  nervous  disl  urli- 
ance,  loss  of  fluid  from  the  blood  and  toxmmia  are  involved.  At  a 
later  stage  there  is  also  the  factor  of  local  bacterial  iid'eetion  a.nd  some¬ 
times  septicaemia.  A  feature  of  burns  is  tln^  (ixt(m.sive  a,r('a  of  I, issuer 
involved  in  proportion  to  actual  mass  ;  and  this  a,tva  is  a.  very  vasmda.r 
one.  The  effects  of  burning  are  of  all  grades  of  intensity  fi'oin  aoute 
congestion  and  inflammatory  oedema  to  actual  charring  oi'  the.  tissues  ; 
surgeons  accordingly  describe  burns  as  being  of  dilfercnt  ‘  dc-gn'es  ’ 
of  intensity.  The  extent  of  skin  affected  is  of  imporl.a,nce  a.r  lea.st 
equal  to  the  degree  of  the  lesion  and  the  effects  are  moiv  sei-ious  in 
I.  children  than  in  adults.  A  stage  of  primary  shock  oecairring  a.Imost 
immediately  after  the  bum  is  usually  present;  this  is  nuvinly  of 
nervous  origin  and  death  rarely  takes  place  at  this  pc'riod.  .A  ma.'rked 
leucocytosis  is  usually  present.  The  next  stage  is  tlmt  of  smwdan/ 
shock  which  develops  some  hours  later  and  is  a,ssoeiat(‘d,  \\b,h  a,  fa.ll 
in  blood  pressure  and  with  a  diminution  in  blood  volume  a, ml  a, 
heightened  corpuscular  count.  There  is  also  evidemr  of  ddoride 
retention.  These  features  are  evidently  the  rc'snlt  of  the  <banges  in 
the  damaged  area  ;  many  small  vessels  and  capilla,i-i(>s  a, re  thromhnsed 
but  others  are  damaged  in  less  degree  and  thetv  ocxnirs  a,n  ('xi.ensive 
exudation  from  them,  resulting  in  inflammatoi'y  .mhmm.  I n  l.his  wa. y 
the  blood  loses  volume  and  a  serious  fall  in  tiie  plasma,  prolvins  a, I, so 
occurs,  due  to  loss  of  protein-rich  fluid  from  tlu^  skin  snrhuic.  q'lu^ 
reduction  in  blood  volume  and  the  amount  of  phisma  protein  lost 
will  vary  with  the  area  of  the  bum.  Death  not  inlVccpu'ntly  occurs 
durmg  secondary  shock  about  twenty-four  liouivs  a,Ft(‘r  t.la-'  injurv- 
ough  it  may  be  later,  but  it  is  ranch  commoner  duihiir  niext 
stage,  VIZ.  that  of  acute  toxcemia. 

toxemia  the  symptoms  are  different  from  those;  dininc 
shock  and  appear  about  the  second  day.  The  temperature  rises” 
sometimes  markedly,  and  the  blood  pressure  may  be  for  a  time  not  inal  ■ 

Set  te  vrf^n”^  -  common  :;„d.;;::;:L’ 

fails-  then +•  blood.  The  circulation  gradually 

befoi;  <La?h  Thir“"'  ultimately  cotnat.oso 

th  These  symptoms  of  toxaemia  are  most  severe  in  evton 

«ve  s^periio^I  bu,™,.  About  wtbMa  ot  tho  dS'Xwl.; 
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bums  occur  in  this  stage,  usually  about  two  or  three  days  after  the 
bum.  Such  symptoms  must  be  due  to  different  causes  from  those  of 
shock.  Wilson  has  found  that  there  may  be  no  evidence  of  blood 
concentration  and  that  there  are  not  sufficient  chemical  changes  in  the 
blood  to  account  for  them  ;  nor  is  there  any  evidence  that  bacterial 
growth  is  concerned.  The  essential  factor  is  the  absorption  of  toxic 
substances  resulting  from  the  autolysis  of  tissue  proteins  in  the  damaged 
area,  and  for  this  view  there  is  experimental  evidence.  In  particular, 
Wilson  and  his  colleagues  found  that  in  experimentally  produced 
burns  the  tissue  fluid  had  distinctly  toxic  propeidies,  these  being  slight 
at  first  and  afterwards  increasing.  Injection  of  such  fluid  produced 
death  in  animals  with  evidences  of  toxic  damage  in  organs,  especially 
in  the  liver.  There  is  thus  strong  evidence  of  toxic  action  in  this 
stage.  The  method  of  treatment  of  burns  by  tannic  acid  led  to  a 
marked  fall  in  the  mortality,  but  the  drug  is  sometimes  absorbed 
and  gives  rise  to  toxic  effects  on  the  liver,  so  that  it  is  now  rarely  used. 
In  acute  toxasmia  it  is  believed  to  act  by  producing  coagulation  of 
proteins  and  thus  preventing  exudation  into  the  tissues  and  autolytic 
breakdown. 

«  A  fourth  stage  recognised  is  that  of  bacterial  multiplication  with 
toxic  absorption  of  bacterial  products  and  occasionally  septicaemia. 
During  this  there  occurs  a  growth  of  organisms  in  the  damaged  area 
and  this  will  be  the  case  particularly  when  the  tissues  contain  much 
fluid.  This  is  apt  to  be  of  serous  nature,  especially  -when  the  effects 
of  the  burn  have  been  deep.  A  number  of  organisms  are  concerned 
but  the  most  serious  effects  are  those  produced  by  the  Streptococcus 
liawrioVyticus. 

The  post-mortem  changes,  which  are  not  characteristic,  are  most 
marked  when  death  has  occurred  late.  They  are  chiefly  cloudy 
swelling  with  congestion  and  small  haempri'hages  in  organs  ;  the  last- 
mentioned  are  sometimes  marked  in  the  adrenals.  Focal  nec:cosfis  may 
be  found  in  the  liver  and  adrenals,  notably  in  the  former  where  they 
may  be  a  marked  feature,  but  some  of  this  at  least  was  due  to  the 
effects  of  absorbed  tannic  acid.  Acute  ulceration  of  the  duodenum 
is  occasionally  present ;  it  occurs  especially  when  life  has  been 
prolonged.  Its  causation  has  been  the  subject  of  much  dis]3ute  but 
nothing  definite  has  been  established. 

In  cases  where  recoveiy  takes  place  the  usual  processes  of  healmg 
follow.  When  the  burn  has  been  deep  the  fibrous  tissue  formed  may 
be  abundant  and  lead  to  cicatricial  contraction  and  deformity.  The 
development  of  cancer  of  the  skin  in  relation  to  the  burn  scar  is  some¬ 
times  seen  many  years  later  (Marjdja!^  ulcer). 

Blood  Groups  and  Blood  Transfusion 

The  blood  serum  of  one  individual  may  have  the  property  of  pro¬ 
ducing  agglutination  or  haemolysis  of  the  red  corpuscles  of  another, 
and  in  carrying  out  transfusion  it  is  essential  to  use  corpuscles  which 
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are  not  acted  on  in  these  ways  by  tlic;  seniui  of  tlie  As 

haemolysis  does  not  occur  witliout  a,i>:i!:lutinatioii,  it  is  siilii(4cn(.  |,o  tost 
only  for  the  latter  ;  this  can  l)o  rca,(lily  carried  out  a,s  f()llo\\'s.  A  |•<.^v 
drops  of  the  blood  of  the  prosfKadivc!  donor,  tha.t  is,  tiu'  lilood  to  be 
tested  as  regards  suitability  for  traaisfusioii,  a.re  allowed  to  fa.il  into 
1-5  per  cent,  solution  of  sodiuni  citrate  iii  normal  .Salima  solution  o,- 
into  3'8  per  cent,  sodium  citrate,  in  a,  small  test  tnl)e  ;  the  tube  i.s 
then  shaken  so  as  to  produce  a  uniform  su.speusion.  A  small  a, mount 
of  blood  is  taken  from  the  patient  to  be  transfus('d,  and  after  eloi,. 
ting  has  occurred  the  serum  may  be  obtained  l)y  the  c('ntrifui<e  or 
simply  allowed  to  separate  out.  A  droj)  of  the'  su.spension  of  red 
corpuscles  is  mused  on  a  glass  slide  with  a  drop  of  the  pal-ient-’s  .serum 
If  an  isoagglutinin  for  the  donor’s  corpuscles  is  pr'es<mt  in  the  pa.tien(fs 
serum  the  mixture  rapidly  loses  its  uniform  appeararme  and  minute 
granular  masses  are  seen.  If  such  agglutination  takes  pbua^  the 
particular  blood  in  question  is  not  suitalilo  Ibr  trausfnsiug  int.o  the 
patient. 

This  is  known  as  the  direct  compatibility  te,a  (cross-imdrljing  I.est) 
and  it  may  be  used  to  ascertain  whether  blood  sclcnl.cd  at  i-amlom 
can  be  administered  in  circumstances  whieli  pmclmle  the  lidler 
investigation  of  the  blood  group.s  of  redpient  and  donor  It  is 
however,  insufficiently  precise  for  use  e.xcnpt  in  a,  lili^-saviug  cmergmmv.’ 
Wherever  possible  the  blood  group  of  donor  and  l■c(a■pi(mt  sbolild  hi; 
ascertamed,  and  when  repeated  transfusions  a,re  (nnlnmplated,  <„■  wlum 
the  recipient  is  a  female,  one  should  also  .lebumiue  wind, her  the  bloo<l 
IS  Kh-positive  or  Rh-negative  (see  below). 

ti  . . .  . . . 
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ate  the  corpuscles  of  any  of  the  groups  an  individual  of  group  AB 
can  receive  the  corpuscles  of  any  other  group  and  is  thus  a  ‘  universal 
recipient.’  The  corpuscles  of  an  individual  of  group  O  are  not  agglu¬ 
tinated  by  the  serum  of  any  group  ;  the  red  cells  can  be  transfused 
into  an  individual  of  any  group  and  such  persons  are  known  as 
‘  universal  donors.’ 

The  results  have  been  explained  by  Landsteiner  as  due  to  the 
presence  or  absence  of  two  agglutinable  substances  or  agglutinogens 
A  and  B  in  the  red  cells  of  different  persons  and  to  the  invariable 
absence  from  each  individual’s  serum  of  those  agglutinins  correspond¬ 
ing  to  the  receptors  contained  in  his  omi  red  cells.  The  ABO  groups 
are  transmitted  from  parents  to  offspring  in  accordance  with  Mendelian 
principles,  A  and  B  being  dominant  over  0  ;  this  fact  is  utiHsed  in 
forensic  work. 

The  Eh  Group.  In  addition  to  the  ABO  group-substances  there 
are  many  other  antigens  in  the  red  cells,  but  most  of  these  are  rarely 
concerned  in  the  use  of  blood  for  transfusion.  Next  in  importance 
to  the  ABO  system  is  the  division  of  human  cells  into  Rh-positive 
and  Rh-negative.  This  was  first  achieved  by  Landsteiner  and  Wiener 
(1940)  as  a  side-issue  from  experimental  studies  on  the  antigens  of 
human  and  animal  red  cells.  On  testing  human  red  cells  with  antisera 
prepared  by  injecting  into  rabbits  and  guinea  pigs  the  red  cells  of 
the  monkey  Macaciis  rhesus,  they  found  that  the  cells  of  about 
84  per  cent,  of  white  persons  are  agglutinated  by  such  anti-Rh  sera  ; 
these  persons  are  Rh-positive,  whereas  the  16  per  cent,  of  non-reactors 
are  called  Rh-negative.  In  contrast  to  the  agglutinins  a  and  /3  there 
are  no  reciprocal  anti-Rh  agglutinins  in  normal  human  serum.  The 
clinical  importance  of  the  Rh  group  lies  in  the  danger  of  iso-immunisa¬ 
tion,  i.e.  the  tendency  of  Rh-negative  recipients  to  develop  anti-Rh 
antibodies,  if  Rh  antigen  is  introduced  parenterally.  About  50  per  cent, 
of  Rh-negative  recipients  transfused  with  Rh-positive  blood  respond 
by  producing  antibodies,  and  may  in  consequence  suffer  a  severe 
reaction  if  subsequently  transfused  with  Rh-positive  blood  even  of 
the  propel*  ABO  group  ;  this  is  known  as  intra-group  transfusion 
reaction.  Iso-immunisation  may  also  be  brought  about  in  pregnancy. 
When  the  mother  is  Rh-negative  and  the  foetus  Rh-positive,  Rh  antigen 
sometimes  gains  entrance  to  the  maternal  circulation  and  anti-Rh 
antibodies  are  formed.  If  these  pass  from  the  maternal  circulation 
into  the  foetus  serious  damage  may  result,  the  condition  being  known 
as  haemolytic  disease  of  the  newborn  (g'.v.). 

The  Rh  groups  are  inherited  on  Mendelian  principles  but  are  highly 
complex  antigenically  and  full  details  are  outwith  our  scope.  It  is 
sufficient  to  say  that  each  of  the  two  Rh  chromosomes  carries  three 
closcdy  linked  genes  for  each  of  which  there  is  an  allele.  The  six  alleles 
eac.h  d(*tt*i‘nune  the  presence  of  an  elementary  antigen  and  the  allelo- 
mor{)hic  gc^iuspairs  and  the  antigens  they  determine  have  been  named 
by  Fisher,  Cc,  Dd,  Ee.  Certain  American  writers  refer  to  the  elemen- 
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tary  antigens  C  D  E  as  the  Rh  antigens  and  c  d  (‘  a.s  t-lu^  Hr  ;Mvtig{‘ns. 
The  Rh  group  of  the  individual  thus  eonsists  of  t.he  suni  of  tlu‘  ai  d  ig(‘ns 
present  on  the  two  Rh  chroniosonu's  and  since  th(\s(‘  six  ('l(‘in(uitary 
antigens  may  he  combined  in  (‘ighfc  ways  there  ;ir(‘  eigld^  Rh  tvjxss; 
the  four  containing  D  ar('  Rli-positive  and  tlu‘  four  blearing  iho 
allele  d  are  Rh-negative.  Each  of  the  two  Rh  ehroniosonuss  Ixx-irs 
one  of  the  eight  possible  Rh  types;  thtM'c'  a,r(‘  tlius  db  possilih'  Rli 
genotypes,  but  some  of  these  are  excessively  rare.  ! ndi viduals  iso^ 
immunised  against  an  elementary  Rh  aaitigcni  which  they  tlu'inscdvc's 
lack  produce  immune  iso- antibodies  narmal  acauii'ding  to  tlu^  (wu)king 
antigen,  e.g.  anti-D,  anti-C,  etc.  Idie  numlxu’  of  g(‘not\'p(\s  w'hich 
can  be  distinguished  has  been  increased  by  tlu^  discoveny  Had.  ra,r(‘ 
variants  of  the  elementary  antigens  are  serologiea.lly  rca'ognisabh'  ; 
these  are,  however,  relatively  luiimportaiit  clinicnlly  on  aecuuinl.  ol' 
their  rarity.  The  nomenclature  and  serologica.1  naictions  of  tlu'  l  Ui 
types  are  given  in  the  following  table 
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CHAPTER  II 

INFLAMMATION 


Introductory.  The  conception  of  inflammation  as  an  important 
process  in  disease  has  come  down  to  us  from  early  times,  and  has  had 

a  dominant  infiucncc|^both  in  surgery  and^ . in  medicine 4  Celsus  gave 

as  its  cardinal  signs,  and  calor,  and.  even  to  the 

popular  mind  an  inflamed  part  is  a  red,  hot  and  painful  swelling.  To 
these  signs,  Galen  added  another  of  importanc^e7*iiamcT^^ 
ilxsa,  or  impaired  function.  When  cellular  pathology  was  established 
jon  a  scientific  basis  the  phenomena  of  inflammation  naturally  came 
to  be  investigated  and  analysed  by  precise  methods,  and  an  explana- 
Ition  sought.  It  is  to  Cohnheim  that  we  owe  the  first  full  description 
mf  the  phenomena  of  inflammation  as  studied  under  experimental 
conditions.  He  emphasised  the  important  part  played  by  damage  to 
the  vascular  endothelium  in  bringing  about  the  changes,  and  described 
in  detail  the  process  of  exudation  and  the  emigration  of  leucocytes. 
The  results  obtained  by  Cohnheim  were  confirmed  in  the  main  by 
those  of  other  observers.  One  must  bear  in  mind  that  at  that  time 
I  chemical  irritants  chiefly  were  employed  in  the  production  of  inflam - 
Imation  and  nothing  of  exact  nature  was  knovm  as  to  the  causes  of 
linflammation  under  natural  conditions  ;  and  one  can  imagine  how 
Imysterious  its  onset  and  course  must  have  appeared. 

A  new  era  commenced,  however,  when,  after  the  discovery  of 
bacteria  as  causes  of  inflammation,  Metchnikoff  studied  the  behaviour 
of  the  cells  in  the  presence  of  bacteria,  and  established  the  importance 
of  phagocytosis  in  the  destruction  of  the  latter.  His  work  was  part 
of  a  general  enquiry  into  the  manner  in  which  cells  throughout  the 
animal  kingdom  defend  the  organism  against  micro-organisms  or 
other  harmful  particles,  and  he  arrived  at  the  conclusion  that,  in 
animals  with  a  vascular  system,  inflammation  represents  a  means 
for  the  furtherance  of  phagocytic  action  ;  in  other  words,  phagocytosis 
is  the  essence  of  inflammation.  There  has  thus  been  a  swing  of 
the  pendulum  from  the  idea  that  inflammation  is  the  result  of  damage 
to  that  of  its  being  a  defensive  reaction.  If,  however,  we  are  to 
retain  the  term  according  to  the  general  conception,  inflammation  is 
not  a  single  process,  but  a  complex  phenomenon  involving  several 
distinct  processes,  each  of  which  is  to  be  considered  separately.  It 
would  be  fruitless  at  this  stage  to  attempt  a  definition,  but  we  may  use 
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.the  short  description  of  inflammation  given  by  Burdon  kSainli-rsoii  as 
j  convenient  and  helpful.  He  regarded  inflammation  as  ‘  l.lu'  siaau'ssion 
3, of  changes  which  occurs  in  a  living  tissue  when  it  is  injured,  provided 
that  the  injury  is  not  of  such  a  nature  as  at  once  to  (h'stroy  its  sl.rueture 
i^and  vitality.’  We  shall  see  that  the  most  important  of  l  lu'sc^  oluinges 
are  of  a  defensive  and  beneficial  nature,  leading  to  Mui  removal  or 
destruction  of  the  irritant,  and  preparing  the  way  for  rc^pair  of  the 
injured  tissues.  But  it  does  not  appear  justifiable  to  rega.rd  i  nlhunma,- 
tion  as  a  whole  in  this  way,  since  to  do  so  would  bo  to  exclude  some 
vascular  phenomena  which  are  the  direct  result  of  (la.mage. 

Inflammation  may  be  of  varying  intensity  and  duration,  and,  it  Is 
often  described  as  acute,  subacute  or  chronic.  Wo  shall  e.onsidm-  it 
under  the  two  main  headings  of  ac-aie  and  c/mntM-.,  bnl,  it  must  lx-  under¬ 
stood  that  all  intermediate  stages  are  to  be  met  wiiili.  Acud.e,  iidlajurna.- 
tion  is  characterised  especially  by  vascular  disturbarua-s  and  ('xudalion, 
and  hence  it  is  said  to  be  of  the  exudative  ty])e.  In  tli(>  lessarudie  and 
chronic  types  proliferation  of  the  cells  of  tlie  tissue  a,nd  mnv  formation 
oi  blood  vessels  are  prominent  features,  and  tlui  in(la.mniation  is 
said  to  be  of  the  productive- or  formative  variety.  An  a,ou(n  inlhunma,- 
tion  may  subsMe  and  the  condition  of  the  pari,  may  return  praclhnlly 
to  normal,  as  is  well  seen  in  acute  lobar  pneumonia,  or,  on  I, he  otlu'i- 
■hand,  it  may  pass  into  a  subacute  or  chronic  condition,  h'urther,  an 
acute  inflammation  may  progress  and  be  attended  by  softening  of  the 
[tissues  and  the  formation  of  pus,  that  is,  by  ,‘atpp/i.ration.  Tlie  la, tier 
which  will  be  conveniently  described  apart,  is  often  spoken  of  a,s  a 
sequel,  but  it  is  really  a  part  or  variety  of  inflammation  (auised  by 
certam  organisms.  With  this  explanation,  we  slmll  first,  givi^  a.'n 
account  bfihe  phenomena  of  acute  inflammation  up  to  t.lu^  point;  wlien 
destruction  of  tissue,  such  as  occurs  in  supjiurat.ion. 
We  shall  afterwards  consider  the  results  which  may  follow  when  this 

stage  has  been  reached.  um.n  mis 
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In  describing  the  changes  which  occur  in  acute  inflammation  in  a 
Thomr  ’The^h  ^  accounts  given  by  Oohnheim 

vert^rates'and^n^''°“T^fr  in  cold-bloodiH 

iXr  The  mammals,  though  they  occur  more  rapiilly  in  l;hc 

membrane^  simh  »  va,scular 

h^ira  anfthiis  Production  of  an  active 

dilated,  while  the  blood  flow  throughTerbetolrTf  ^ 
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capillaries  appear  to  increase  in  number  because  many  of  them, 
formerly  empty,  become  filled  with  blood.  Although  a  certain  amount 
of  capillary  dilatation  results  from  dilatation  of  the  arterioles,  the  capil¬ 
laries  have  independent  powers  of  contraction  and  dilatation,  and 
the}^  themselves  actively  respond.  The  mechanism  concerned  has 
been  discussed  in  a  previous  chapter  (p.  3).  There  is  also  the 
fact  that,  when  arterial  hyperaemia  is  produced  by  section  of  the 
vaso- constrictor  nerves,  the  application  of  an  irritant  causes  still 
further  capillary  dilatation.  It  may  be  said  that  in  the  production 
of  the  capillary  hypersemia,  an  active  dilatation  of  the  capillaries 
probably  plays  a  more  important  part  than  does  the  dilatation  of  the 
arterioles.  At  the  same  time,  there  is  a  slight  escape  of  protein- 
containing  fluid  through  the  capillary  walls.  The  part  becomes  redder 
to  the  naked  eye,  and  is  slightly  swollen.  The  stage  of  active  hyper- 
amiia,  however,  is  soon  followed  by  a  gradual  slowing  of  the  blood 
stream  in  the  capillaries  ;  this  goes  on  increasing  in  degree,  although 
the  capillaries  remain  dilated  as  before,  or  even  undergo  still  further 
dilatation,  and  nian}^  become  varicose.  This  process  of  stagnation 
may  ultimately  termmate  in  complete  stoppage  of  the  blood  flow 
or  stasis  (p.  56),  which  may  even  be  attended  by  coagulation  of  the 
blood,  although  this  extreme  result  occurs  only  in  intense  inflamma¬ 
tion.  The  slowing  of  the  blood  stream  is  accompanied  by  the  important 
phenomena  of  exudation,  emigration  of  leucocytes,  and  escape  of  red 
corpuscles  ;  these  will  now  be  described. 

During  the  whole  period  of  slowing  of  the  blood  stream,  there 
occurs  an  exudation  of  lymph  through  the  capillary  walls  in  increasing 
amount.  The  exudate  accumulates  in  the  connective  tissue  spaces, 
and  leads  toTurtFer  ;  in  inamy^ 

^oaguIanoiranT”^^  is  formed,  whilst  in  other 

instances  the  exudate  remains  fluid.  Whether  or  not  fibrin  is  formed 
depends  in  part  on  the  nature  of  the  irritant ;  thus  some  organisms 
tend  to  produce  a  fibrinous  exudate,  others  an  abundant  serous 
exudate.  It  depends  also  on  the  site  of  the  inflammation;  thus  a 
fibrinous  exudate  is  specially  common  in  the  case  of  serous  membranes, 
pericardium,  peritoneum,  meninges,  etc.,  and  it  is  usually  a  marked 
feature  in  the  lungs  in  acute  lobar  pneumonia  (Fig.  24).  The  process 
of  coagulation  with  formation  of  fibrinous  reticulum  is,  no  doubt,  due 
to  the  concentrated  lymph  coming  in  contact  with  the  damaged 
tissues,  which  set  free  a  thrombokinase.  During  the  process  of 
exudation,  there  is  a  greatly  increased  flow  of  lymph  in  the  lymphatics 
from  the  inflamed  part,  but  this  is  not  sufficient  to  prevent  accumu¬ 
lation  in  the  affected  tissue.  This  lymph  contains  much  more  protein 
and  has  thus  a  higher  specific  gravity  than  normal  lymph. 

In  normal  conditions,  the  corpuscular  elements  of  the  blood  form 
a  central  column  in  the  blood  stream,  separated  from  the  endothelium 
by  a  narrow  zone  of  clear  plasma  in  which  a  leucocyte  may  be  seen 
from  time  to  time.  When  the  stream  has  slowed,  the  leucocytes 
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fall  out  from  tlie  central  part  and  acciimviLite  in  the  |)ei'i|)li(>ra,l  /.oiui 
of  plasma  in  increasing  numbers.  This  occurs  c.s|)oc.ia;i  ly  in  tlu,  snuii  lest 
veins,  though  also  in  the  capillaries,  and  in  tlu'  I'ornKM-  tliey  tnn.y  hirtn 


an  almost  continuous  layer  of  cells,  a  condition  wliicL  (lohidieirn  cafh'd 
pavementing  ’  of  the  endothelium.  Further,  inshmd  of  rolling  a.h.ne 
as  normally,  many  show  signs  of  adhering  to  the  endothelimn  and 


Pig.  25— Surface  view  of  normal 
omentum  of  guinea-pig.  x  150. 


-vr.-— xumunoa  omoutmiu  of  guinoii 
pig,  showing  (‘migration  of  lou<‘o(‘vt,(‘H, 
increased  cellularity,  and  (Uigomnncait 
of  small  vessels,  x  150 


b«  meidy  .  meolumioal  “  periphery  hm  been  s],„wi,  to 

the  rs  - 
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lighter  are  driven  from  the  central  column  of  flow.  There  soon 
follows  what  is  probably  the  most  important  phenomenon  in  inflam - 


h 


Fig  27.— General_  view  of  omentum  in  early  stage  of  acute  inflammation, 
showing  (a)  the  intense  engorgement  of  vessels,  (6)  infiltration  of  leucocytes 
around,  (c)  the  swelling  of  the  endothelial  cells.  (G.  H.W.)  x  100. 


mation,  namely  an  emigration  of  leucocytes,  which  occurs  through 
the  walls  both  of  the  capillaries  and  of  the  small  venules,  especially 


Fig.  28.— Section  of  small  venule  in  acute 
inflammation,  showing  the  polymorpho¬ 
nuclear  leucocytes  both  inside  and 
around  the  vessel.  (G.  H.  W.)  x  600. 


Fig.  29. — Inflammatory  change  round 
small  vessel  in  granulation  tissue. 

Note  the  polyraorpho-nudear  leucocytes  emi¬ 
grating  through  the  wall,  x  375. 


the  latter  (Figs.  28,  29).  The  passage  of  the  leucocytes  through  the 
vessel  wall  is  a  gradual  process  ;  a  small  portion  of  the  protoplasm 


54 


TEXT-BOOK  OF  PATHOLOCY 


is  extruded,  and  this  gradtially  inenaist^s  in  a.in()imt  initil  idtiinat-idv 
the  whole  cell  has  made  its  way  tlirounii.  It  stMuns  tJiaJ^  lJi(‘  poly™ 
morphoiiB  character  of  the  nu(‘leus  of  tlic  hMicocyt<\s  which  (unigrade 
most  rapidly  may  be  r(\gai'(l(Ml  as  a  suita,l)l(^  adaptat  ion  for  (Ji<^  pa.ssa,g(^ 
of  the  cell  through  tlu^  minute  aperture.  Tlu^  !(uicoc\’|,(‘h,  aJ‘t(M* 
emigrating,  wander  through.  th(‘  tissues  in  various  dir(‘ct'ions,  Ixn'ng 
guided  especially  by  the  pia^scmec'  of  baciteria,  or  otluu’  noxas  ;is  wiil 
afterwards  be  described.  The  r(\sult  thus  is  timt  tlu^  tissues  around 
are  overrun  with  large  numbei’s  of  ieucocyti^s  (i^'igs.  2(),  27). 


these  processes  of  exudation  and  emigration  of  leuco- 
c^es  there  ^  also  an  escape  of  red  corpuscles,  known  a.s  cxtrava,.sation, 
into  the  tissues.  This  occurs,  like  the  emigration  of  knicocvlos 
between  the  endothelial  cells  ;  and  the  corpuscles  may  escape' si  mdy’ 
ometimes  in  small  jets  especiaUy  where  the  capillaricvs  are  di.stenrka 
and  vancose.  The  small  aperture  in  the  vessel  wall  immediatc'lv 
thereafter  closes  again,  the  breach  of  continuity  being  only  momenkuw 

%  rh^jrXrthe?  fronf  hammrrlui 

T.hA=-"^#’  T  ^  permanent  rupture  of  the  wall  Dia- 

p  esis  of  red  corpuscles  occurs  in  very  varying  degree  but  it  h 
always  present,  and  the  exudate  as  weU  L  the  ly^Taving  bv  tl  e 
ymp  atics  shows  a  corresponding  amount  of  bbod-staining^  L 
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acute  pneumonia  or  pleurisy,  red 
amongst  the  fibrinous  reticulum, 
inflammation  there  is  a  pas¬ 
sage  into  the  tissues  from  the 
blood  of  (a)  Sb  fluid  exudate 
which  may  or  may  not  coagu¬ 
late,  (6)  leucocytes,  and  (c) 
red  corpuscles.  We  shall  pre¬ 
sently  consider  the  significance 
of  these  various  phenomena. 

Whilst  these  vascular  phe¬ 
nomena  are  occurring,  the 
fixed  cells  in  the  inflamed  part 
also  show  alteration.  Endo¬ 
thelial  cells,  for  example  those 
on  a  serous  membrane,  lose 
their  flattened  form,  become 
enlarged  and  swollen,  and 
ultimately  free  in  the  surround¬ 
ing  fluids  (Figs,  27, 31 ).  Swell¬ 
ing  and  proliferation  of  the 


corpuscles  are  always  to  be  found 
We  may  thus  say  that  in  an  acute 


Fig.  31. — Lymphatic  channel  of  omen¬ 
tum  in  acute  inflammation.  The 
endothelial  cells  are  becoming  swollen 
and  separated.  (G.  H.  W.)  x  600. 


endothelium  of  the  capillary  walls  are  seen  at  an  early  stage.  Certain 
other  cells  belonging  to  the  reticulo -endothelial  system,  histiocytes, 
etc.  (p.  72),  likewise  become  swollen  and  actively  phagocytic,  ingest¬ 
ing  bacteria,  other  cells  or  red  corpuscles.  Fibroc^fles  increase  in 

size,  the  cytojilasm  becoming 
more  abundant,  and  they 
also,  in  their  turn,  become 
separated  from  their  fibres, 
and  lie  free  in  the  tissue  fluid 
as  fibroblasts ;  they  become 
more  prominent  and  numerous 
at  a  later  period  (Fig.  32). 
Within  a  short  time  both 
endothelial  cells  and  fibro¬ 
blasts  may  show  signs  of 
active  division  by  mitosis,  and 
thus  still  further  increase  the 
number  of  cells  in  the  in¬ 
flamed  part.  It  is  important 
to  note  that  the  specialised 
cells  of  an  inflamed  organ  show 
various  degrees  of  damage, 
up  to  actual  necrosis  (Fig.  33).  This  is,  of  course,  a  direct  efiect  of 
the  irritant  or  noxa,  and  is  not  a  reactive  phenomenon. 

Having  thus  briefly  sketched  the  main  phenomena  in  the  establish¬ 
ment  of  an  acute  inflammation  in  its  earlier  stages,  we  may  now 


Fig.  32. — Fibroblasts,  showing  the  char¬ 
acteristic  appearance.  (G.  H.  W.) 
X  600. 
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consider  more  in  detail  tlie  nature  and  si‘j;nili(‘a,nce  of  tlu^  cliief  (‘,}ia.ng-(‘s. 
It  is  unnecessary  to  refer  further  to  the  ])r(‘liniinary  active  hyj)(‘raunia, 
as  this  is  really  a  physiological  response. 


(1)  Stagnation  of  the  Blood  and  Diapedesis  of  Red 
Corpuscles.  The  passage  from  the  ac(;('i(U'ad(d  flow  in  ordinary 
arterial  hypersemia  to  the  stage  of  stagnation  is  of  primes  import aiuav 
The  appearance  is  as  if  increased  frictional  i-(\sistcinc(^  wevre  a|)|)li(al  at 
the  margin  of  the  stream,  and  this  is  a])parcntly  du(\  as  (Lhnli(vim 
showed,  to  some  damage  to  the  endothelial  (uhls  vvliichi  aJtca-s  the 
character  of  their  surface.  In  inflamed  areas  th(‘.  (mdodu'liaJ  e.<‘lls  of 
the  capillary  walls  often  are  more  prominent  tfuin  normally,  and  this 

may  be  a,n  iiulicadfon  of  th(^ 


important  al  (-(‘ration  in  (h<i 
frictional  rx'sista.ma'.  As  tlu‘ 
stagnation  goes  on,  tlu^  blood 
also  Ix'conu's  sonunvliat  tluek- 
ened  or  ins{)issa.(-(‘(i,  owing  to 
tile  loss  of  j)a-rt  of  its  plasma-  l)\' 
exudation.  Th(‘r(‘  is  tlius  |)ro- 
ducetl  an  in(a’(^a.S(Hl  viseosil-y  of 
the  blood  in  tlu^  inlhumal  j)a.r(-, 
and  this,  along  with  lJu‘  adh<‘ 
sive  Iay(‘r  of  l(‘n(a)(*,yl,(‘s,  may 
further  interferes  with  th(‘  How. 


Loss  of  (Inid  a-s  a-  faci-or  (sa-n 


Fig.  33.__Acute  inflammation  of  shown  by  a,pplying 

muscle,  showing  numerous  mono-  COnC(snti‘aUs(l  salt  solution  i-o  a 

nuclear  cells,  some  of  which  are  xrnQrMihn-  .  n 

derived  from  the  .sarcolemma.  The  (.lu. 

fibres  are  in  process  of  disintegration  mesentery  of  Uks  irog.  Hl-a.sis 
and  absorption,  x  200.  quidkiy  MU|)(‘.t'V('iU'..s  owing  to  (.Ik' 

.  .  ■  rapid  pas.sago  of  fluid  JVoin  tiic 

capiUanes  m  response  to  the  increased  osmotic  pressur<*  on(.si<lo. 
lAlteration  of  the  capillary  endothelium  must,  howeveu',  be  regarded 
las  the  prime  and  most  important  cause  of  the  slowing."  And 
Cohnheim  found  that  by  whatever  means  the  vascular  ciidof.lu'linin 
was  damaged,  all  degrees  of  stagnation  up  to  completes  st;isis  followed , 
and  that  along  with  the  slowing  there  occurred  inargimitioii  of  (,lu’ 
leucocytes  and  other  phenomena  as  described  above.  St, agnation  a.n(l 
stasis  are  also  seen  as  the  result  of  acute  venous  congest, ion,  as  in 
mtestmal  strangulation,  fluid  escaping  from  the  imgorged  (-apillai-ie.s. 
They  occur  also  at  the  margin  of  infarcts,  at  the  junction  of  (lu^  livino 
and  dead  tissues  where  there  are  all  degrees  of  damage  to  the  vascular 
ndotheh^_  as  weU  as  interference  with  the  circulation.  Stasi.s  in 
such  contoions  is  often  attended  by  haemorrhage.  In  v(*rv  scvciv 

™ 

All  are  agreed  that  the  escape  of  red  corpuscles  in  inflammation 
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is  purely  a  mechanical  matter,  the  result  partly  of  the  pressure  inside 
the  capillaries  and  partly  of  the  damage  to  the  endothelium. 

(2)  The  Exudation.  With  regard  to  the  exudation  there  are  two 
main  questions  to  be  considered.  One  question  concerns  the  mechanism 
by  which  it  is  brought  about,  and  the  other  its  effects.  There  is  in 
inflammation  not  only  an  increased  flow  but  also  an  increased  protein 
content  of  the  lymph  ;  and  both  of  these  would  be  readily  explained 
by  an  increased  permeability  or  porosity  of  the  capillary  endothelium, 
caused  by  damage.  It  would  be  an  attractive  view  to  suppose  that 
the  increased  passage  of  concentrated  lymph  represents  a  reactive  or 
defensive  mechanism,  but  the  facts  do  not  seem  to  justify  us  in  regard¬ 
ing  the  exudate  in  this  light.  It  is  also  to  be  noted  that,  with  the  ! 
escape  of  red  corpuscles,  which  is  clearly  a  mechanical  process,  there  ^ 
must  he  a  certain  escape  of  plasma,  which  adds  to  the  protein  I 
content  of  the  exudate.  The  extreme  result  of  damage  is  necrosis  of 
the  capillar}/-  wall  and  thrombosis  within,  and  between  that  and  the 
normal  state  there  must  be  all  degrees  of  damage  and  impairment 
of  function ;  and  it  is  in  these  intermediate  stages  that  we  see  the 
phenomena  of  stagnation,  exudation,  and  diapedesis  of  red  corpuscles. 
In  view  of  all  the  facts,  it  seems  that  the  exudation  is,  as  Cohnheim 
maintained,  the  result  of  damage  to  the  capillary  endothelium. 

As  we  have  said,  the  question  of  the  effects  of  the  exudate  is 
another  matter.  These  are,  on  the  whole,  beneficial.  The  exudate  is 
said  to  dilute  the  irritant,  and  if  this  is  of  purely  chemical  nature,  the 
results  will  be  favourable.  On  the  other  hand,  if  the  irritant  is  of 
bacterial  origin,  as  is  usually  the  case,  not  only  the  bacteria,  but  also 
the  leucocytes  which  deal  with  them,  will  be  diluted.  This  is  well 
recognised  in  surgery,  and  partly  on  this  account  precautions  are 
taken,  e.g.  by  drainage  or  posture,  to  prevent  an  accumulation  of 
inflammatory  exudate.  The  exudate  when  first  formed  may  be 
regarded  as  possessing  the  various  properties  of  the  blood  serum.  In 
some  instances  it  has  a  directly  bactericidal  action,  but  the  species 
of  bacteria  killed  in  this  way  form  a  comparatively  limited  group. 
Without  actually  hilling  the  bacteria,  however,  the  exudate  may  have 
an  inhibitory  action  on  their  growth,  and  it  has  another  very  important 
effect  in  making  them  susceptible  to  phagocytosis  by  the  leucocytes. 
It  was  shown  by  Wright  and  Douglas,  by  means  of  m  vitro  experiments, 
that  the  normal  serum  contains  substances,  called  by  them  opso7iins, 
wliich  become  united  to  and  act  on  the  bacteria,  so  that  they  are 
ingested  by  the  leucocytes.  They  showed  also  that  phagocytosis  of 
bacteria  does  not  take  place  in  normal  saline  or  in  serum  previously 
heated  at  55°  C.,  at  which  temperature  the  opsonins  are  destroyed. 
The  various  anti-bacteiial  substances  in  an  exudate  soon  become  used 
up  in  th(‘  pi*('S(aice  of  bacteria,  and  the  exudate  then  becomes  a  favour¬ 
able  crdturc  medium.  Hence  there  is  an  advantage  in  promot- 
ing,  by  eflicient  drainage  or  otherwise,  a  flow  of  fresh  exudate  from 
an  infected  cavity  or  wound.  The  treatment  of  infected  wounds 
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by  hypertonic  saline  solutions  clepeiyls  on  tlie  saino  |)rincif)l(i  ;  the 
increased  flow  of  exudate  from  the  blood  vessels  thus  f)r()ught  a!)(>iit 
acts  not  only  mechanically  by  washing  ofl  the  !)a(^tei‘!as  but  also  by 
bringing  with  it  an  additional  supply  of  anti-l)act{‘ria.i  suhsla.n(a%s. 

A  fibrinous  exudate  not  infrequently  is  of  btuu'lii,  in  gluing  the 
parts  together,  and  preventing  the  spread  of  the  l)a.(;t(>ria,.  Idiis  is 
well  seen  in  the  case  of  appendicitis,  wluua^  tlie  coiiguhited 
often  localises  the  organisms,  and  accordingly  th(‘  iidlaninuitioig  to 
the  region  of  the  appendix,  and  prevents  a,  g(MU‘ra,l  inf(‘etion  of  the 
peritoneal  cavity;  numerous  similar  exa,mpl(\s  miglit  l)e  given.  On 
the  other  hand,  the  fibrous  tissue  whicli  forms  fi’oni  organisation  of 
the  exudate  may  produce  harmful  resulis  ;  in  case  Of  tlie  |)eri- 

toneum  the  resulting  adhesions  or  bands  may  lead  to  olistrncta'on  or 
strangulation  of  the  bowel.  This  is  an  exainpk^  of  an  almost  giuuaad 
law,  namely,  that  any  process  usually  b(vn(qi(a’al  may  in  (au’taan 
conditions  be  harmful. 


(3)  Emigration  of  Leucocytes.  One  may  make  the  categorical 
statement  that  the  leucocytes  emigrate^  by  tlieir  own  aanodioid  niovm 
ments,  and  are  guided  by  substanens  in  solution  aaaiimd  tlnnn,  that 
is,  by  chemotaxis.  Certain  chemical  sid)sta.ne(\s  in  solution  al^tratot 
leucocytes  just  as  they  do  imicelliilar  organisms,  e.g.  iirot^ozoai,  liacvturia,, 
etc.,  and,  in  this  case,  the  cells  tend  to  move  fr-orn  Ui  lesscu*  t-o  a.  graadca* 
concentration  of  the  solution.  A  few  substanc(‘s  aivt  in  a.  mantra,! 
rnanner,  whilst  others,  again,  are  stated  to  rcyiel  tlu^  hanuaydns 
that  IS,  exert  a  negative  chemotaxis.  Tlie  (^hermhantie  <dle(*t  of 
various  substances  can  be  conveniently  tested  by  pnt.ting  tho  sub¬ 
stance  as  a  solution  or  suspension  in  a  (^apilhny*  tnlx^  wirieh  is  h^ft 
open  at  one  end,  and  then  placing  the  tidx^  in  tlu*-  piaal^oneaJ  ca.vify 
of  an  animal.  If  the  substance  has  a  positivi^  (di(anot;ae.tic.  dfiad' 
the  leucocytes  gather  round  the  open  extnmiity,  and  also  nuiki^  lh(‘if 
way  into  the  interior  of  the  tube. 

In  accordance  with  what  has  been  said  alK.v(N  tJ,,-  anuninl  „f 
leucoc^e  emigration  is  not  at  all  in  proportion,  in  IJu-  s.werit.y  of 
the  inflammation  or  in  proportion  to  the  amonnf  of  (‘xmkdn  •  '  iho 
latter  may  he  abundant,  whilst  leucocytes  are  e,ompara,(,iv(d\’  seunia- 
e.g.  m  anthrax  infection.  This  statement  iioids  witii  regai-d  liotii  i,<’) 
^emical  irritants  and  bacteria.  Then  again  we  (in.i  tha,t  .lilferent 
emigrate  in  response  to  (iifftnvnt  l.a.heria,  or  .sul.- 

stences  in  solution— a  fact  which  it  would  be  (luite  impossn)ie  to  <.x  pia.i  n 

if  emigration  occurred  in  a  mechanical  way,  as  wa.s  at,  one  l,i,n(« 
bupposed,  or  if  their  actions  were  uniformiy' gov(M-ne(t  l)v  a  sneeilie 

mS?  stT'"  tissue  pSein:' 

^nkms  leukotaxme  hypothesis  (see  below).  LcaLxwtes  after 

of  phagocytosis  varies  in  different  cases  Idiu 

hSrzr  “f*”  or. ,  t  “ : 

tad,  the  le,000jt.B  mey  become  degen.e.te  4 
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In  a  few  instances,  the  organisms  appear  to  flourish  within  the 
leucocytes,  while  the  latter  also  appear  to  be  uninjured  ;  this  is  well 
seen  in  gonoiihceal  infection.  Whilst  inflammation  may  be  produced 
by  various  chemical  substances,  progressive  inflammation  is  due  to 
micro-organisms.  It  may  be  arrested  by  their  death  within  the  cells, 
i.e.  following  on  phagocytosis,  or  by  their  extra- cellular  destruction. 
The  polymorpho-nLiclear  leucocytes  are  also  the  source  of  certain 
anti-bacterial  substances  which  become  free  in  the  serum,  and  the 
digestive  enzymes  which  these  cells  contain  become  discharged  in 
the  surrounding  medium.  Thus  in  the  neighbourhood  of  polymorpho¬ 
nuclear  leucocytes  we  see  fibrin  and  other  substances  being  digested 
and  disappearing  apart  from  actual  phagocytosis  ;  and  the  digestive 
softeniug  of  damaged  tissue  elements,  which  is  so  characteristic  a 
hutuiv  ill  suppuration  (p.  63),  is  also  to  be  ascribed  chiefly  to  the 
((‘nneiits  produced  by  them. 

If  we  regard  as  a  whole  the  process  of  emigration  of  leucocytes 
and  their  subsequent  behaviour,  we  must  interpret  the  phenomena  as 
representing  a  defensive  mechanism  ;  and,  as  we  shall  see  later,  there  is 
also  a  mechanism  by  which  a  practically  unlimited  supply  of  leucocytes 
from  the  blood  to  the  tissues  can  be  kept  up.  But  while  the  leucocyte 
reaction  is  the  most  important  phenomenon  in  inflammation  and  is  pro¬ 
tective  in  nature,  we  cannot  regard  inflammation  entirely  in  this  light. 
In  the  production  of  other  essential  phenomena—stasis,  exudation,  etc., 
injury  to  the  vascular  endothelium  plays  an  important  part.  We  are 
thus  led  to  the  conclusion  that  injiGif}i7n(ztio7i  is  not  g  single,  procEss 
but  a  group  of  processes,  which  are  essentially  of  different  hinds. 

It  has  been  customary  to  assume  that  the  sequence  of  events  in 
inflammation  is  due  to  the  effects  of  substances  formed  locally  at  the 
site  of  the  inflammation,  chiefly  by  the  micro-organisms  concerned. 
Menkin  has  sought  to  explain  the  various  phenomena  as  due  to  the 
specific  actions  of  substances  not  of  bacterial  origin  but  formed  by 
local  degradation  of  tissue  proteins.  Using  as  test  objects  chiefly 
inflammations  produced  by  turpentine,  he  attributes  the  increased 
capillary  permeability  and  leucocyte  emigration  to  the  effects  of  a 
polypeptide — leuJcotaxme — and  the  increased  formation  and  liberation 
of  leucocytes  from  the  marrow  (p.  69)  to  a  pseudo-globulin  which 
he  called  the  leucocytosis-promotmg  factor,  while  many  noxious  effects 
were  attributed  to  a  euglobulin  necrosin. 

Leukotaxine  is  also  produced  in  the  damaged  skin  at  the  site  of 
local  burning  (Cullumbine)  and  can  be  extracted  from  experimentally 
burned  skin  in  rabbits.  Such  extracts  injected  subcutaneously  into 
normal  rabbits  produce  similar  degrees  of  local  oedema,  and  lead  to 
hcBmo concentration  and  other  changes  in  blood  chemistry  precisely 
like  those  in  the  rabbits  which  furnish  the  extracts.  Cullumbine  has 
further  shown  that  leukotaxine  can  be  prepared  artificially  by  the 
action  of  skin  proteinase  on  blood  fibrin  and  suggests  that  possibly 
leukotaxine  is  derived  in  this  way  at  the  sites  of  local  injury. 
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There  seems  to  be  no  doubt  tliat.  |)ol\'I)(‘})ti(les  vvitli  pi’onoimced 
local  effects  are  producecl  in  tissru^s  djiniiii'XMl  by  (ilicmical  and  tfiei-mal 
agents  and  no  doubt  also  by  ba.ctca-ia.,  bnf  (o  credit  tlaan  with  tfni 
production  of  all  the  change's  of  iidhiintnal.ion  a^s  coin  iuoii!  v  S(‘(ai  would 
be  to  relegate  bacteria  and  thdr  toxins  to  a.ii  unjustiiiably  insigniliea.iit 
place  in  the  genesis  of  the  iidhunina-toiy  l•('a(^tion.  Eiir(Ji(‘r,  it.  is 
difficult  to  explain  on  Menkinfs  hypothesis  tlu'  gix^a.t  variations  nn't, 
with  in  the  proportions  of  the  constituents  of  tlu'  ('xndalr'  in  dilleixmt 
bacterial  inflammations  to  which  we  have  drawn  a.tl.enl  ion  ahove,  (vg. 
compare  pneumococcus  infection  with  antlira  x.  Acaxirdingly'  wa^  agree' 
with  Hadfield  and  Garrod  in  the'  vie'w  tliaf  JVlc'ukin’s  work,  whiles  e)f 
great  interest,  has  been  made  preunaturely  the  l)asis  e)f  a.  uniinrian 
conception  of  the  inflammatory  pre)ex'ss  udiich  gex's  l)eye)nd  the'  nenviv 
observed  facts  and  does  not  ade'ejuate'ly  take  into  ax-e*e)unt  many  othea* 
and  older-established  observations. 

In  view  of  what  has  been  stated,  it  appea.rs  inipossibk^  to  elediner 
inflammation  as  a  pathological  process.  DilTerences  of  opinie)n  ma,y 
exist  with  regard  to  the  nature  and  signilKxuicxi  of  va.seada.r  stagna,tie)i*i, 
exudation,  and  emigration  of  leiicocytcs,  etc.,  I)id,  thea-e^  is  no  elexiht 
as  to  what  these  terms  mean.  With  inflammatie)n  tlie^  ease',  is  elilTe're'ut, 
and  we  have  the  unusual  occurrence  almost  uniepie^  in  e-e)mie'edie)ii 
with  a  scientific  subject—of  discussion  as  to  the'-  pa,the)le)giexd  signili^ 
canoe  of  inflammation  when  hardly  any  two  writc'rs  a-re'-  in  agre'e'uu'nt 
as  to  what  the  term  means.  In  fact  it  seems  to  us  ihat.,  weax^  it  ue)(, 
that  the  term  came  into  use  at  an  early  perioel,  it  woulel  lu'.ve'i*  luivc^ 
emergeel  as  the  result  of  the  scientific  analysis  of  j)a/i/he)logi(‘a-I  j)i’e)C(%sse'!s, 
An  indication  of  the  difficulty  is  shown  by  tiu'  IVul.  (.hat  Asehedf 
proposed  that  different  types  of  in(lammatie)u  shexdel  bc!  distin¬ 
guished,  viz.  defensive,  reparative  aaid  regruvratirv.  in(la-mmafle)ii. 
Such  an  arrangement  would  seem,  however,  to  (l(^priv(^  iha  term 
‘inflammation’  of  any  distinctive  charaGter,  in  fad)  would  nmke^  it. 
synonymous  with  ‘reaction,’  and  it  would  not  bo  praffiic.a-bk^  t,o 
brmg  It  into  harmony  with  clinical  usage.  There  is  also  tlu'.  more, 
serious  objection,  namely,  that  in  acute  inflammatiou  as  oi-diimrily 
understood,  there  are  involved  changes  such  as  st-agnatioii  of  blood 
stream  and  probably  also  exudation  which,  as  we  have  statx'd  abovm 
should  not  be  regarded  as  of  reactive  nature.  Wo  consicku*  that 
It  would  be  better  to  use  ^  inflammation  ’  as  merely  a  convouicut.  dnscrii)- 
tive  term,  since  it  is  not  a  distinct  process  capable  of  delinition. 

tl. Inflammation.  The  above  is  an  acoouiit.  of 
the  chanps  seen  in  the  estabhshment  of  acute  inflammation,  but  tlu. 
mam  feataes  vary  in  different  cases.  Varieties  of  inflammation  juu 
apordingly  often  described,  but  these  depend  mainly  on  the  prominence' 
of  one  or  more  of  the  chief  factors.  As  has  been  stated,  when  m  a 

peYaS  cdl?:"  damage  done  AX 

Xcrol  degrp  from  cloudy  swelling  to  actual 

ecrosis.  and  the  damage  may  be  followed  by  reparative  proliferation 


INFLAMMATION 

of  the  surviving  cells.  The  term  parenchymatous  is  sometimes  applied 
when  the  specialised  cells  are  much  implicated  in  the  inflammatory 
process,  but  there  is  little  advantage  in  the  use  of  the  term.  A 
catarrhal  inflammation  is  one  which  affects  a  mucous  membrane  and  is 
attended  by  increase  of  secretion  and  desquamation  of  epithelial  cells  ; 
the  term  is  used  also  in  the  case  of  acini  and  ducts  of  glands  (p.  66)! 
Variations  depend  too  upon  the  character  of  the  exudate,  and  different 
terms  have  accordingly  come  into  use.  Thus  the  exudate  may  be 
abundant  and  remain  fluid,  and  the  term  serous  inflammation  or 
inflammatory  oedema  is  then  applied ;  it  may  be  more  concentrated 
and  much  fibrin  may  form — croupous  or  fibrinous  inflammation  ;  and 
thje  may  be  extensive  extravasation  of  red  corpuscles— /iffimorrAaoic 
inflammation,  which  is  often  accompanied  by  abundant  exudate.  The 
inflammation  may  be  attended  with  much  necrosis  of  tissues — necrotic 
inflammation.  A  distinction  is  sometimes  made  between  croupous  and 
diphtheritic  or  pseudo-membranous  ;  the  former  is  synonymous  with 
fibrinous,  in  the  latter  there  is  formation  of  false  membrane  composed 
of  necrosed  epithelium  and  fibrin.  The  latter  type  of  lesion  is 
exemplified  in  the  case  of  diphtheria  of  the  fauces  and  in  dysenteric 
lesions  of  the  intestine.  The  term  suppurative  inflammation  is  applied 
when  there  is  a  digestive  softening  of  the  tissues  with  formation  of  pus; 
this  will  be  described  later.  Phlegmonous  inflammation  is  one  in  which 
there,  is  much  necrosis  of  tissues  along  with  purulent  infiltration. 

Further  Stages  of  Acute  Inflammation.  After  the  phenomena 
of  acute  inflammation  have  been  established  as  above  described,  there 
may  follow  various  results,  of  which  the  three  following  are  the  most 
important : — 

{a)  The  inflammation  may  undergo  resolution,  and  the  part  may 
return  more  or  less  completely  to  normal. 

(b)  It  may  progress  and  suppuration  may  follow. 

(c)  It  may  pass  into  a  chronic  phase,  in  which  the  phenomena  are 
closely  similar  to  those  in  the  process  of  repair. 

We  shall  now  consider  the  two  first  of  these  results  ;  the  third  will  be 
dealt  with  in  the  next  chapter  in  connection  with  chronic  inflammation. 

Resolution.  In  this  process  there  occurs  retrogression  of  the 
various  phenomena.  The  stagnation  gradually  passes  off  and  the  blood 
flow  is  restored,  though  a  certain  amount  of  vascular  dilatation  often 
persists  for  some  time  ;  this  is  well  seen  when  there  has  been  an  acute 
inflammation  involving  the  skin.  The  exudate,  if  fluid,  is  absorbed 
chiefly  by  the  lymphatics,  and  flbrin  is  digested  by  leucocytes  and 
thereafter  absorbed.  If,  however,  the  fibrin  is  abundant  or  dense,  its 
absorption  is  effected  only  after  the  ingrowth  of  fibroblasts  and 
capillaries,  i.e.  by  a  process  of  organisation  (p.  108).  This  is  the 
common  result  in  the  case  of  a  fibrinous  exudate  on  a  serous  mem¬ 
brane.  Connective  tissue  cells  which  have  become  swollen  and 
separated  in  an  inflamed  part  diminish  in  size  and  become  attached 
again  to  fibres,  or  form  new  fibres  ;  and  defects  in  endothelial  finings 
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may  be  completely  restored  by  the  surviving  cells.  I  t  is  (juit.e  likuyiy 
that  healthy  leucocytes  may  pass  back  tlirougli  tfie  (uidotheliuin  of 
the  capillary  walls  to  the  blood  stream  ;  Ixit  thosi^  tliai.  aw,  da,ma.g('(l, 
and  also  the  extravasated  red  cells,  are  either  talvon  up  l)y  pbago(‘vl(\s, 
or  are  carried  by  the  lymph  to  the  lyrn}:)luitic  glands,  \vlu‘i*e  tiu'v^  are 
similarly  dealt  with. 


This  process  of  what  may  be  called  cleaning  up  or  scauavnging  (*a,n 
often  be  well  studied  in  the  case  of  serous  ca;viti(js.  li,  is  (aisy  1,o 
produce  in  rabbits  by  intra-peritoneal  injection  of  a  suita,bl(^  susf)ension 
of  staphylococci,  an  inflammatory  reaction  which  is  ra|)i{!ly  resolvxML 
Within  an  hour  or  two  after  the  irijecdhui,  poly mori*)homucI(‘ai* 
leucocytes  in  large  numbers  emigrate  from  thn  v(\ss(ds  and  rapidly 
ingest  the  cocci  The  emigration  of  thcsc^  cahs  continues,  until,  in 
a  favourable  result,  the  organisms  a,i'(',  destroyed.  At,  a,  (M)mpaa*a,- 
tively  early  date  some  non-graiiular  cells  also  a.r(‘  pr(‘S(ad.,  aaul  tlu'Si^ 
at  first  can  readily  be  identified  as  of  two  main  kinds,  viz.  hyaiiiu^  or  j 
mononuclear  leucocytes,  which  have  emigrated  fr'om  iin^  blood  v('ss<^ls| 
and  cells  of  local  origin,  mainly  of  the  i:iistlo(!yt,e  ela,ss  (p.  7‘l  )  whi(‘hi 
have  become  separated  and  globular  in  Ibrui.  :i.a,t(‘r,  sncli  c(dls 
become  somewhat  altered  in  character,  the  hyaliru^  l(vueocyt,(‘s  tending 
to  increase  in  size,  so  that  there  is  a  groiip  of  nriingrani^  c(dls  or 
7nacrophages,  and  it  may  not  be  possible  to  distinguish  (lie  soure(‘  of 
the  individual  cells.  During  the  process  of  destriietiou  of  th<^  eo(!(a 
many  of  the  polymorpho-nuclear  leucocytes  art^  scuaii  to  l)(‘  in  a  d<^g(‘n(cr- 
ated  condition,  their  nuclei  being  firxgnieiited  ancl  (•Iiangcxl  intn  d<u‘ply 
staining  chromatin  globules. 


There  then  follows  an  interesting  phenomenon,  nauudy  idie 
phagocytosis  of  these  polymorpho-nuclear  leueoc!yi,e.s  hy  tlici  iidii- 
granular  cells  or  macrophages  (Fig.  34).  Both  tlie'hyalino  Icik^o.'vIk^h 
and  the  cells  of  local  origin  take  part  in  this  proeesH,  and  wil.li'in  a 
macrophage  there  may  sometimes  be  seen  sovi^ral  pol vinorpho- 
nuclear  leucocytes;  the  ingested  leucocytes  arc  gra(lua.lly  di.rt-Hl.cd 
and  disappear.  Damaged  red  corpuscles  also  arc  taken  ni)  hy 
pygoeytes  and  destroyed.  A  similar  plu^nonu'iion  is  to  Ik‘  seen  in 
the  smuses  of  the  lymphatic  glands  in  relation  to  IFe  site  ol'  inllmn- 
mation  the  damaged  leucocytes  and  red  coriniselc's  (iarried  to  the 
gland  by  the  lymph  stream  being  ingested  by  tlu^  (uidotlndial  (adls 
limng  the  sinuses.  The  same  process  occurs  in  the  splenic  pulp  in 
cases  of  blood  infection  As  a  sequel  to  this  process  of  phagdeyLsis 
hjthe  non-granular  ceUs.  there  is  a  marked  dirnirintion  of  tl.,;  edis 
m  the  peritoneum,  and  ultimately  those  left  are  almo.st  cxclnsivndy  of 
the  non-granular  type.  The  cells  then  tend  to  become  smaller  Imn- 

fn  f ^  normal  condition.  There  thus  occurs  iirst  of 

U  a  destruction  of  the  organisms  by  the  polymorpho-nuclear  leuco- 
ytes  (microphages),  and  these  cells  are  in  their  turn  tnki'n  t 

■tg«tod  b,  th.  (ma,^ph.gS;,  ' 
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Men  kill  licis  claimed  thad  changes  in  the  character  of  the  cellular 
exudate  txom  polymorpho-iiu clear  to  macrophage  depend  on  the  pH 
of  the  exudate,  the  polymorphs  continuing  to  emigrate  and  invade 
the  area  so  long  as  the  pH  remains  over  7-0.  When  the  pH  falls  to 
()-7  or  less  the  polymorphs  are  killed  and  pus  is  formed,  while  macro- 
])lia,gns  continue  to  develop  and  invade  the  area.  These  observations 
ha.vu‘  not  been  confirmed,  and  the  evidence  that  the  events  are  governed 
by  pH  is  unsatisfactory.  This  hypothesis  ignores  the  effects  of  bacterial 
toxins  and  enzymes  in  causing  destruction  of  living  ceils  and  thus  lead¬ 
ing  to  suppuration.  The  observed  alterations  in  pH  might  equally  result 
from  the  stagnation  of  circulation  and  lack  of  respiratory  exchange. 

The  most  striking  example  of  resolution  on  a  large  scale  is  met 
with  in  acute  lobar  pneumonia, 
in  which  all  the  phenomena 
described  above  are  well  seen. 

Following  on  the  destruction 
of  the  organisms,  there  occur 
a  gradual  softening  and  diges¬ 
tion  of  the  fibrin  in  the  air 
vesicles,  and  in  this  the  leu¬ 
cocytes  are  probably  chiefly 
concerned.  The  leucocytes 
and  red  corpuscles,  in  great 
part  degenerated,  are  taken  up 
by  non-granular  phagocytes  in 
situ.,  or  are  carried  by  the 
lymphatics  to  the  bronchial 
glands,  where  they  undergo  an 
iiitra -cellular  digestion.  If 
these  glands  be  examined  dur¬ 
ing  ■  the  process,  the  lymph 
tracts  and  sinuses  may  be  seen 
to  be  packed  with  large  cells  chiefly  of  endothelial  origin,  within 
which  abundant  leucocytes  and  their  remains  may  be  present. 
With  the  absorption  of  the  fluid  contents  of  the  air  vesicles,  these 
once  more  become  air-containing,  and  the  part  returns  practically  to 
normal.  Some  of  the  liquefied  exudate  is  expectorated  but  the  amount 
may  not  be  large,  and  in  every  case  a  large  proportion  of  the  exudate 
is  absorbed. 


Fig.  34. — Exudate  from  peritoneal  cavity 
of  guinea-pig  in  resolving  acute  in¬ 
flammation  of  three  days’  standing. 

Note  polymorpho-niiclear  leucocytes,  also  macro¬ 
phages  which  have  ingested  leucocytes  and  red 
corpuscles,  x  500. 


Suppuration.  While  suppuration  may  be  produced  by  chemical 
substances  under  special  experimental  conditions,  it  is  practically 
always  due  to  the  action  of  bacteria  when  it  occurs  naturally.  In  the 
formation  of  an  abscess  in  an  organ  or  solid  tissue,  there  is  a  replacement 
of  the  tissue  by  a  fluid  which  we  call  pus.  We  have  accordingly  to 
consider  the  nature  of  pus  and  how  it  is  produced. 

Characters  of  Pus,  The  opacity  of  pus  is  due  to  the  large  number 
of  cells  which  it  contains  ;  when  these  are  thrown  down,  a  clear  yellow 
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fluid  is  obtained — the  liquor  furis.  This  fluid,  wliieli  liius  a  sjxMvilic 
gravity  of  about  1030,  is  essentially  blood  s(‘riiin.  In  addilion,  tiiere 
are  products  of  proteolytic  digestion  ;  prot('os(‘s  are  prcscuit,  and  even 
small  amounts  of  amino-acids.  When  p  ns  is  exau  u  iied  m  ierosca >  j )i(;fi!  ly, 
the  great  majority  of  the  cells, called  ‘pus  corpuscles,’  ar<3  sc'cn  to  be 
simply  polymorpho-nuclear  leucocytes,  w}ii(;li  can  be  readily  idcait  ificHl 
by  the  characters  of  their  granules  nuclei.  Wlnui  tlu^  pus  is 
recently  formed  many  of  these  cells  may  sliovv  auueboid  inovaumuds 
on  the  warm  stage,  but  when  the  pus  is  obhu*  niotility  is  al)S(uit, 
and  the  nuclei  may  be  degenerated  or  brok(ai  irp  into  grajiubvs.  A 
few  red  corpuscles  are  usually  to  be  found  in  [uis  of  iHM'cmt  oiagin, 
and  may  sometimes  be  so  numerous  as  to  gi\'(^  a.  ])iifkish  tiul,.  Tlieia^ 

are  also  nomgi’anubir  (Hills  in 


Fig.  35.— Acute  suppuration  in  liver, 
showing  masses  of  polymorpho¬ 
nuclear  leucocytes.  Liver  cells  in 
lower  part  of  figure  are  being  invaded 
and  destroyed,  x  200. 


varying  proporl-ion,  sonui  of 
wbifdi  are  d(M‘iv('d  from  ilu^ 
blood,  oMkm's  of  local  oi’igin. 
Monies  of  tlu^  sj)(a‘ial  e(‘lls  of  (he 
tissue  in  a.  inor(‘  or  l(\ss  (h'gi'u- 
erat(‘(l  (condition  may  lik(‘\vise 
b(^  Found.  Albuminous  graii- 
ides  and  fatly  gl()l)ul(‘s  (XHUir, 
the  hitUu-  (is|K‘eially  in  clironic 
suppuradion.  In  pus  of  old 
standing,  ehokvsiiu'ol  erystuls 
may  be  pr(‘S('nt,  it  is  (bus 
seen  thait  ])us  is  esscMilially  aai 
cxudatci!  with  a,  large;  propor¬ 
tion  of  lciieo(*yt(‘s,  and  (;on(-aln- 
ing  certain  products  ol  protein 
digestion.  . 

Histoj.o(  ^  I  (.!  A,i ,  ( '  1 1 A  N  <  aos. 

If  the  process  of  suppuradion 


be  studied  histologic, aily,  it  is 
found  that  two  chief  changes  occur  side  by  sideinilic  tissiu's,  viz.  la) 
a  progressive  emigration  of  polymorpho-nuclear  leue()(‘yt)(\s  which 
come  to  pack  the  tissue,  and  (6)  a  gradual  ch-.strl.ction  and 
^^s^PP^^rance  of  the  tissue  elements  (Fig.  35).  Tlie  speiual  (udls 
of  the  part  become  necrosed,  break  down  into  granular  rna.t(‘ria  I 
then  melt  away,  while  the  supporting  connective  iissiui  (ihrils’ 
cap^aries,  etc.,  are  digested  and  disappear.  'J'hc  ac,cumula,i,io,; 
of  leucocytes  stiU  going  on,  the  tissue  gradually  hocomc.s  r(mla(a-d 
by  pus  in  which  some  of  the  remains  of  the  destroyed  tissues  mav  he 
present.  In  suppuration  there  is  thus  an  actual  dc,;tructi()n  of  tidiu- 

possible.  It  differs  frmu  simple 
necrosis  in  there  being  a  gradual  digestion  of  the  tissue  accompanied 
by  leucocyte  accuruulation,  whereas  in  simple  necrosis  the  tissb  .uav 
retam  its  structural  outlines  for  a  long  time.  ^ 
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Natcjee  of  Phenomena.  The  progressive  emigration  of  leucocytes 
is  due  to  a  continued  supply  of  cliemotactic  substances  from  the 
bacteria,  and,  although  the  pyococci  are  most  frequently  concerned, 
suppuration  may  be  produced  by  a  great  variety  of  organisms,  the 
essential  point  being  that  they  should  be  able  to  persist  in  the  tissues 
and  j)roduce  their  effects.  With  regard  to  digestion  or  liquefaction 
ot  the  tissues,  this  is  chiefly  due  to  proteolytic  enzymes  produced 
l)y  the  leucocytes,  these  enzymes  acting  on  the  tissues  previously 
damaged  by  the  bacteria.  Some  of  the  pyogenic  organisms  have 
a  digestive  action  on  proteins,  as  is  shown  by  their  liquefying  gela¬ 
tine,  but  others  such  as  streptococci  and  pneumococci,  which  are 
scarcely  less  active  in  producing  suppuration,  have  no  such  property. 
Digestive  softening  of  the  tissues  by  the  leucocytes  follows  on  the 
damage  or  actual  necrosis  due  to  the  bacterial  toxins,  as  there  is  no 
evidence  that  leucocytes,  however  numerous,  will  attack  normal 
tissues.  Digestive  action  by  the  leucocytes  is  seen  also  when  suppura¬ 
tion  has  been  preceded  by  much  exudation  of  fibrin,  e.g.  in  pleurisy. 
The  fibrin  is  to  a  large  extent  digested  and  disappears,  and  this  is 
closely  analogous  to  the  action  of  the  leucocytes  in  removing  fibrin 
in  the  process  of  resolution  of  infiammation,  as  is  seen,  for  example, 
in  pneumonia.  In  dense  tissues,  complete  suppurative  softening  may 
be  inteifcr(‘d  with  by  the  density  of  the  tissue;  and  a  portion  of 
dead  tissiu^  or  slough  may  form,  and  may  persist  for  a  considerable 
time.  This  is  well  exemplified  by  a  boil  on  the  skin,  where  the  core 
is  constituted  by  a  necrosed  portion  of  the  cutis. 

When  suppuration  ceases  to  spread,  there  occurs  at  the  periphery  a 
reactive  proliferation  of  the  connective  tissue  cells,  with  new  formation 
of  blood  vessels ;  in  other  words,  a  zone  of  granulation  tissue  forms 
around  it.  This  becomes  denser  in  its  outer  part,  and  thus  a  definite 
wall  to  the  abscess  is  formed — the  so-called  '  pyogenic  membrane.’  If 
the  abscess  is  of  small  size,  the  pus  may  be  absorbed  and  a  smal] 
cicatrix  result.  The  pus  may,  however,  be  too  abundant  for  this  to 
occur,  and  then  it  becomes  thickened  and  changed  into  granular 
debris,  in  which  at  a  later  date  lime  salts  may  be  deposited ;  in  a 
chronic  empyema,  large  calcareous  plates  may  he  formed  in  the 
pleural  cavity.  Further,  the  longer  the  accumulation  of  pus  lasts  the 
greater  will  be  the  thickening  around,  and,  accordingly,  any  abscess 
cavity  ought  to  be  opened  so  that  the  evacuation  may  allow  the  walls 
fco  come  together  and  healing  to  occur  with  the  minimum  of  fibrosis. 
When  an  abscess  forms  near  a  free  surface,  for  example  in  the  sub¬ 
cutaneous  tissue,  the  tension  of  the  contents  causes  the  suppuration 
to  extend  in  the  direction  of  the  surface  so  that  the  overlying  skin 
becomes  involved.  The  abscess  is  then  said  to  ‘point’  and  it  may 
ultimately  discharge  its  contents  spontaneously.^ 

^  Students  are  advised  to  supplement  this  general  account  of  inflammation 
and  suppuration  by  reading  one  or  two  sx)ecial  exanq^les,  e.g.  acute  osteomyelitis 
(p.  889),  acute  appendicitis  (j:).  585). 
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Catariiial  Iiiflaniiiiatioii.  The  tcnii  was  originally  aiiplird  to 
an  inflammation  of  a  iniicoiis  inenibraiie  accompaniial  l)y  in(*r(‘as<Mi 
discharge  of  secretion.  In  such  a  condition  the  surface  (‘pitheliuin 
becomes  damaged  and  desquamated,  whilst  as  a  residt  of  this,  |)roI  if  (‘ra¬ 
tion  of  the  surviving  cells  and  an  attem|)t  to  repair  the  da  mage  follow. 
The  term  has  accordingly  been  applied  to  similar  cliangcs  in  ej)itluvlium 
generally.  When  a  chernical  irritant  is  a|)j)li(‘d  to  a,  inueous  nuun f)ra,n(‘, 
the  increased  flow  of  secretion  may  dilute  iind  r(mu)V(‘.  th(‘  irr'ilnnti. 
But  in  other  cases,  and  (‘spcaually  whem  the  e-ans(‘  is  of  l)a:et(a*ial  natnrea 
the  irritant  may  persist  and  bring  about  iirllammalory  elianges  in  th(‘ 
mucous  membrane.  The  secretion  va.rit‘s  in  differevnt  conditions,  bnt 
there  is  an  increased  formation  of  mueiis  wbicli  may  b(‘  in  a  tough 
concentrated  form,  or  may  be  greatly  diliitcHl  and  watery  ;  usually  t  (i(‘ 
amount  of  albumin  present  is  small.  Sometinu's,  as  in  nasal  ea.t.ajTli ,  tlu^ 

discluirge  may  1)<‘.  veuy  profus(^  ; 
and  another  striking  exaniph'  of 
tlxis  is  the  very  al)un.da.nt  inti's- 
tinal  diseharge  in  cdiolei'a.  In 
severe  cases  of  cai.arrli  the  secu'C'- 
tion  may  l)c  reddish,  owing  to 
the  admixture  of  red  (a)t’j)us(*l(‘s. 
At  first  it  is  n^lativcVly  (dear,  but 
as  leucocyte  eniigral  ioii  is  (\stab 
lislied,  it  Ixeeomes  mor(‘  opacjm' 
and  ulti mately  mucai-pundmit. 
Tins  last  condition  is  usually 
associated  with  loosening  or 
diminution  of  tlu^  tenacity  of  llic 
mucus,  apparently  tlie  rtxsult  of 
leucocyte  action ,  Tho  epitlK^lial 
cells  become  damaged  and  se|)ar- 
ated  to  a  varying  d(‘gr(‘e  ;  single 
cells  may  be  desquamated,  but  sometinuas  sluads  of  epitlu^lium 
become  loosened  and  set  free,  as  is  well  scxui  in  sevtu'c  brone.hitis 
(Figs.  36,  37).  The  surviving  cells  undergo  a  re])a.rativ(‘  j)r()li- 
feration  ;  the  young  cells  may  in  their  turn  be  d('S(piamat('d, 
and  the  two  processes  of  loss  and  repair  may  go  on  for  a  time. 
Ultimately  complete  repair  may  be  (‘ffect(‘d.  In  th(‘  hromdd,  small 
oval  or  pear-shaped  cells  can  often  be  se(ui  on  th(‘.  ba.scmient  uuun- 
brane  ;  these  are  survivors  of  the  deepc^st  layer  and  talv(‘  an  antlve 
part  in  the  repair .  While  such  changes  are  (xa'urring  in  tlu*  (‘pitl\(‘linm, 
the  usual  phenomena  of  inflammation  are  to  he  scu^n  in  th(‘  sid)ja,(Hmt 
connective  tissues.  There  is  marked  vascular  engorgnmead  ’  with 
emigration  of  leucocytes,  etc.,  and  these  cells  pass  through  th(‘  l)UiS(‘- 
ment  membrane  in  increasing  numbe^rs,  and  mingh^  with  tlu‘  scaav- 
tion,  sometimes  giving  it  a  purulent  charaefer,  as  has  Ixaai  stalnd 
Results  of  Acute  Catarrh.  If  the  inflammation  dex^s  not 


Fig.  3(3. — General  view  of  bronchus 
in  acute  inflammation.  The  lumen 
is  filled  up  with  desquamated  epi¬ 
thelium  and  purulent  exudate.  X  45. 
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completely  resolve,  but  passes  into  a  chronic  condition,  then  structural 
changes  take  place  in  the  connective  tissue  of  the  mucosa  and  under¬ 
neath,  which  make  a  complete  return  to  normal  impossible.  There  is 
proliferation  of  connective  tissue  cells  with  formation  of  new  vessels,  in 
fact  the  formation  of  a  layer  of  vascular  granulation  tissue,  which  may 
cause  considerable  swelling  and  often  unevenness  of  the  mucosa.  In 
chronic  catarrh  of  the  stomach,  the  epithelium  in  the  upper  portion 
of  the  glands  may  be  repeatedly  lost,  and  in  the  superficial  part  of 
the  mucosa  much  gi'anulation  tissue  may  form.  At  a  later  stage 
still,  the  connective  tissue  becomes  more  fibrous  and  contracts,  and 
the  mucous  membrane  passes  into  an  atrophic  condition,  the  epithelium 
being  of  a  degraded  type.  In  chronic  catarrh,  the  ducts  of  glands 
niay  become  occluded,  and  small  retention  cysts  are  formed,  whilst 
in  some  situations,  e.g.  stomach  and  cervix  uteri,  small  papillomatous 
growths  from  the  mucous  mem¬ 
brane  are  not  uncommon.  It 
will  be  clear  from  what  has  been 
said  that  the  efficient  treatment 
of  catarrh  in  the  acute  stage  is 
of  great  importance,  so  that  a 
return  to  normal  as  far  as  pos¬ 
sible  should  be  obtained  and 
the  later  structural  changes 
avoided. 

Leucocytosis.  Any  concep¬ 
tion  of  inflammation  merely  as 
a  local  process  would  be  very 
incomplete.  When  there  is  an 
inflammation  of  some  extent  a 
leucocytosis  is  present  in  the 
blood,  that  is,  there  is  an  in¬ 
crease  of  leucocytes,  the  num¬ 
ber  often  reaching  25,000  pere.mm,  or  even  more  ;  and  this  increase 
is  chiefly  on  the  part  of  the  polymorpho-nuclears— -the  cells  which 
emigrate  most  actively  from  the  vessels.  We  have  accordingly  to 
consider  the  means  by  which  the  supply  of  these  cells  is  maintained  . 
In  an  acute  pneumonia,  for  example,  the  number  of  leucocytes 
which  pass  into  the  affected  lung  in  the  course  of  a  few  days  may  be 
several  times  the  total  number  of  leucocytes  in  the  blood.  In 
view  of  the  large  amounts  of  pus  which  in  certain  conditions  may 
be  discharged  constantly  for  a  long  period  of  time,  the  supply  of 
these  cells  would  appear  to  be  practically  unlimited. 

The  subject  of  leucocytosis  will  be  considered  later  in  detail ;  we 
shall  give  here  only  the  main  facts  bearing  on  the  above  questions. 
It  is  now  thoroughly  established  that  the  finely  granular  polymorpho¬ 
nuclear  leucocyte  is  derived  from  a  larger  cell  with  similar  granules, 
but  with  rounded  or  oval  nucleus — the  finely  granular  or  neutrophil 


Fig.  37. — Portion  of  wall  of  bronchus 
in  acute  inflammation,  showing 
desquamation  of  epithelium  and 
leucocytic  infiltration,  x  200. 


Pronnfvlocylv  :  appiNirancii  of  <‘()}irs(^  dark  ^'I'ainilos 
‘^ivin.ij:  p()siii\’('  oxydnsi^  l•(Ml(‘(  ion,  oyl  ophisin  (kM'ply 
hnsophilic  ;  minlc'oli  siill  pr<\s(Mdi  hid-  k'ss  (•(»n~ 
spicuoiis  .;  a.houi,  1:2  18  /x  dianHd(a\ 


M jirloctfirs  :  Mio  ('arly  foians  ar('  s(ili  lar/^vi:  I  han 
{)rojny(d()('y('('S,  and  i.lu'  cy (opiasin  is  l('ss  hast >pliili<‘, ; 
(•()ars(^  (kirk  j)riini(.iv('  <>:rajnil('s  ai'('  siill  pr(\s(ati< 
hut",  aro  InMiig  i-(‘j)kic('d  hy  s(.r()n^j;'ly  <»xvdas('- 
positivo  s])(H‘iiic  granukilion  winch  appt'virs  hrst,  in 
tho  area  of  li'ss  basophil  cyiophisin  opposiix^  ilin 
1^  nii('L(uir  indontxd.ion.  dMic  nuckais  Ix'coinos  pro-- 
grewsivcly  more  condcaiscd,  and  n'liifonn.  At  (Jiis 
stage  mitotic  activity  is  at  a,  inaxinnnn,  uiid, 
tliereaftci*  tlio  claiightci'  colls  aixj  rcdnciMl  in  sizci  and 
maturation  proceeds  without  lurtlxM-  mitotic 
division;  about  .12  ,18  /t  diaxneivr,  bc'cnming 
reduced  as  maturatiou  proceeds. 


Metamyelocytes  :  ttio  coa,i\s(‘  priinil  ixx^  gi’annkxs  ar(» 
wholly  replaced  hy  tlu^  spcvilic  iKuitrophil  granola- 
y  tion  ;  the  nucleus  is  more  coinknistal  and  <‘nr\'(Ml 
i  sometimes  to  a  horseshoii  shap(^ ;  ahoni,  12  la  a 
I  diameter.  ^ 


I  Polymorpfio.midear  Icucocylr, :  l.h,,  ,.o||„  .i,,,  Pin'l  lior 
I  reduced  lu  size,  about  10-12  /u  and.  Mm  nucloim 
I  tr'iT®  shaped.,  and  tlion  seKinenlmd, 

1  it®  being  connected  by  a  lilanumt  of  i.bmioa- 

iod  w!  show  fiu-Mie,'  .segnientaMoo, 

and  have  3  or  4  lobes. 

J  Fig.  3^— Diagram  illustrating  formation  of  poly- 
morpho-nuclear  leucocytes.  X  1,000. 
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myelocyte,  wliicli  occurs  in  large  numbers  in  the  red  bone-marrow 
(Fig.  38).  This  cell  divides  by  mitosis,  producing  smaller  daughter 
cells,  the  nuclei  of  which  become  indented  or  horseshoe-shaped,  and 
ultimately  assume  the  characteristic  polymorphous  type.  When  the 
m^yeloeytes  are  stained  by  a  Romanowsky  stain,  their  protoplasm 
is  coloured  a  pale  blue,  that  is,  has  a  feeble  basophil  reaction,  whilst 
the  granules  give  various  tints,  from  purple  to  red.  In  the  daughter 
cells  the  basophil  reaction  of  the  protoplasm  gradually  disappears, 
and  the  granules  come  to  stain  uniformly  red.  In  the  ‘  ripening  ’ 
of  the  polymorpho-nuclear  cell,  as  it  is  sometimes  called,  there 
are  accordingly  changes  in  the  configuration  of  the  nucleus  and 
in  the  reactions  of  the  protoplasm  and  granules.  In  the  young 
polyrnorpho-nuclears  in  the  marrow  the  nucleus  shows  relatively 
simple  lobation,  but  after  the  cells  have  passed  into  the  cir¬ 
culating  blood  the  lobes  increase  in  number  and  become  more 
separated.  In  this  way  the  relative  age  of  the  cells  can  be  recognised, 
as  will  afterwards  be  described. 

In  normal  conditions  there  is  what  may  be  called  a  reserve  supply 
of  polyrnorpho-nuclears,  which  lie  at  the  periphery  of  the  blood  stream 
in  the  marrow.  There  is  thus  a  mechanism  for  the  addition  of  an 
increased  number  of  these  cells  to  the  general  circulation,  and  this  is  the 
initial  stage  in  the  production  of  leucocytosis.  Leucocytosis  can  thus 
be  readily  produced,  quite  apart  from  any  local  inflammation,  by  the 
injection  of  various  chemotactic  substances  into  the  blood  stream,  e.g. 
peptone,  cinnamic  acid,  etc.  When  this  is  done,  there  is  at  first  a 
leucopenia,  due  to  an  accumulation  of  the  leucocytes  in  the  capillaries 
of  internal  organs,  and  not  to  a  destruction  of  the  cells  as  was  at 


one  time  supposed ;  and  this  is  followed  within  a  few  hours  by 
leucocytosis.  If,  however,  the 


demand  for  leucocytes  is  main¬ 
tained,  there  then  occur  an 
active  proliferation  of  the 
myelocytes  and  increased 
formation  of  polyrnorpho- 
nuclears.  The  marrow  proper 
increases  as  a  whole,  while  the 
fat  diminishes  in  a  correspond¬ 
ing  degree,  and  the  myelocytes 
come  to  constitute  an  in¬ 
creased  proportion  of  the 
marrow  cells  (Figs,  39,  40). 
This  change,  which  is  known 
as  a  leucoblastic  reaction,  forms 


a  contrast  to  the  erythroblastic 
reaction  in  which  there  is  in¬ 
crease  of  erythroblasts  in  re- 


Fig.  39. — Bone-marrow  of  rabbit  after 
leucocytosis  of  moderate  degree,  show¬ 
ing  distinct  increase  of  the  cellular 
marrow  with  diminution  of  the  fat 


sponse  to  demand  for  red  cells,  cells,  x  150. 
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e.g 

is 


after  li^emorrhage.  In  the  liiiMiaji  sii!)j<‘ct,  iiior(‘ov(‘f\  IB  (‘re 
j...  not  only  this  change  in  the  red  marrow  of  tlu^  slior’t  l)(m(‘s,  but 
there  is  also  a  remarkable  reaction  in  the  yellow  mari-ow-  of  loiny 
bones.  Latent  foci  of  marrow  lying  between  the  fat  e(‘lls  Ix'eouK' 
stimulated  to  proliferation,  and  also  luvvv  foiri  ar(^  fornuMl  from 
cells  of  the  reticulo-eaKlothelial  system.  Thes(^  rapidly  (‘xinnd,  and 
ultimately  there  is  considerable  re]>laceiiient  of  (Ih^  fa.t  by  active 
,  lnemop()i(‘t,i(‘,  marrow.  *•' 


n  tlie 

femur,  foi'  exarnple,  ai“fer  an 
[Unite  pneumonia  of  a  few  days’ 


standing,  a  consid(‘ral)l(^  jiro- 
portion  of  tlu^  yidlow  marrow 
may  be  ilius  changed  into  I’cd 
marrow,  the  rea,(vtion  sta,rting 
at  th(^  up|)er  end  and  exic^nd- 
ing downwards.  In  this  newly 
f  ( )  rm  ed  m  a,r  r  o  w  a  1 1  1 1  \  o  ao  n  - 
stituent  (‘l(‘m{mts  of  noranaJ 
r(‘d  nia,rrow  are  prixscmt,  Imt 
the  incr(\'is<^  is  spcaiially  on  the 
part  of  th(^  my(‘locyt(\s. 
incrcas(‘d  supply  of  poly- 
morpho-nuehxir  l<‘uco(;yt<‘S  is 
thus  providial  for. 

In  th(‘  nornud  marrow, 
along  with,  the;  lin(‘ly  granular 
c(‘lls  tJu‘r(‘  are  to  b(‘  Siam  (‘(‘Ms 
lr(‘(‘  from  gra,nul(‘s  llu^  myido- 


Fig.  40. — Bone-marrow  of  rabbit  after 
long-standing  leucocytosis.  Tlie  fat 
cells  have  practically  disappeared  and 
been  replaced  by  a  cellular  tissue  in 
which  tlie  great  majority  of  the  cells  are 
myelocytes.  X  150. 

with  protoplasm  more  basophil  and  ,,,>  K,!unnc,s  me  m.v(‘io- 

blasts  (Fig.  38).  All  stages  of  transition  hei.wecm  m\'el<)l)la,st,s'  a, ml 
myelocytes  can  be  found,  and  this  is  tlu-  ca.w'  a, Iso  vvlimi  eeil.s  of  the 
myelocyte  series  enter  the  blood  in  leukannia,.  liicreawd  .siipph'  of 
leucocytes  might  accordingly  he  provided  fur  |,y  ineivased  pmlifera- 
tion  of  the  myeloblasts,  with  subsc-cpu'iit  Iri'msition  through  tlu' 
myelocyte  stap  to  the  polymorpho-iniclcar  kuioocyk's.  Outd'e.sults 
both  of  experiments  and  of  observations  on  the  human  sulrn'ot., 
however,  show  that  in  the  adult,  at  least,  the  cells  usiudly  found’ 
undergoing  mitotic  division  contain  distinct  granuk's,  a,nd  that.  I, bus 
the  supply  of  leucocytes  is  kept  up  by  a  proliferation  of  mycdoeyti's 
rather  than  of  their  non-granular  precursors. 

In  some  very  severe  infections  leucocytosis  may  be  abscnit . 

there  may  even  be  a  leucopenia— and  a  few  myelocytes  may  aiipear 
in  the  circulation.  In  such  a  condition  there  is  a  failure  of  tiici  leuco- 

ishe'd'^rBt'An^  marrow;  myelocytes  may  ho  actually  dimin- 
Sow  tlie  proportion  of  red  corpuscle.s  appears  to  Ix^  inwTa.sinl. 

wTJ  t  degenerative  ehangi^s.  Thi.s  i.s 

state  of  the  marrow,  evidently  the  direct  result  of  toxic,  aetion  ■  the 
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non- occurrence  of  leucocytosis  is  thus  explained.  In  acute  pneumonia 
in  alcoholics  leucocytosis  may  he  absent,  or  there  may  be  even  leuco- 
penia,  and  here  also  there  is  a  failure  of  the  hyperplastic  response  in 
the  marrow.  The  differ ent  conditions  of  the  marrow  are  more  fully 
considered  later.  Increased  formation  of  eosinophils,  with  increase 
of  these  cells  in  the  blood  or  eosinophilia ,  results  in.  a  similar  way 
from  a  more  active  proliferation  of  eosinophil  myelocytes. 


Fk;.  -1-1  a.— Film  ])ri'paration  from  Fig.  41b.— Film  preparation  from  marrow 
Htenial  marrow  in  loiiooblastic  reac-  showing  finely  granular  myelocytes 
tion.  Note  granular  myelocytes  in  and  transitions  to  polymorpho-nuclear 

mitosis  and  various  stages  of  transi-  leucocytes.  X  400. 

tion  to  polymorpho-nuclears.  X  500.  . 

Varieties  of  Cells  in  Inflammatory  Conditions.  The  follow¬ 
ing  facts  may  be  stated  with  regard  to  the  parts  played  by  the 
various  kinds  of  cells  in  inflammation. 

Pohjmorpho-nudmr  Leucocytes.  As  already  explained,  these  cells 
have  a  definite  and  single  origin,  namely,  from  the  finely  granular 
myelocytes  of  the  bone-marrow,  and  it  is  to  be  noted  that  normally 
they  are  practically  absent  from  the  connective  tissue  spaces.  They 
are  the  cells  which  emigrate  most  actively  and  in  largest  numbers 
in  most  acute  inflammations  ;  in  fact  they  are  the  cells  chiefly  con¬ 
cerned  in  infections  by  the  so-called  pyogenic  organisms— staphylo¬ 
cocci,  streptococci,  pneumococci,  coHform  bacilli,  etc.  So  long  as 
tlie  organisms  persist  in  the  tissues  the  emigration  of  leucoc3rbes  con¬ 
tinues,  and  when  suppuration  (p.  63)  follows,  these  cells  become  the 
ordinary  pus  corpuscles.  In  acute  catarrhal  inflammations  also, 
they  abound  and  become  mingled  with  the  secretion,  and  when 
specially  numerous  give  this  a  purulent  character.  They  are  actively 
amoeboid  and  phagocytic,  and  have  proteolytic  properties  by  means 
of  a  protease  which  they  form.  There  is  evidence  that,  as  Metch- 
nikofl  held,  they  are  the  source  of  various  defensive  substances, 
bactericidal  and  opsonic,  which  they  set  free  in  the  surrounding 
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lymph.  The  polymorph o-iiii clears  iiiKlergo  also  in  the 

blood  during  an  inflammation  of  some  extent  ;  this  |)h(n)oiiien()n 
has  been  discussed  above.  I^)l^onoTj)]l()-nucl<‘a]•s  ai*(^  Ibimd  also  in 
the  tissues  around  dead  or  (leg(‘nc‘rate  nmterial,  wlnax'  moik'  of  t,h(‘ 
other  characteristics  of  an  acuk^  inflammation  a/n^  ])r(‘S(ait,  and  th(‘\' 
play  an  important  part  in  its  digc'si.ion  and  al>s()r|)tion.  On 
other  hand,  in  certain  acute  iiiflanin)ati()ns,  of  which  th(‘  int<‘stinal 
and  tymphatic  lesions  in  ty|)hoid  are  tlu^  most  st.i’iking  (waanph', 
there  is  little  emigration  of  polyinorj)]io-rui(*l(‘{ii‘s,  r(\‘n‘tion  Ixa'ng 
mainly  on  the  part  of  the  non-grannlar  (‘dls  (Fig.  42).  I  n  inflaanma* 
tory  oedemas,  for  exampk^  those  pr()duced  by  tlu^  IL  iiHclm  and  tla^ 
bacillus  of  malignant  mdema,,  p<)l\urK)r|)]io-nii(t|(‘ars  ai’(‘  again  s(%'int\'. 
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Fig,  42.— Inflammatory  infiltration  of  t.lu^  muscular  coats  of  tha  bowM'I  iu.  ty|)lioi(l 
fever,  showing  the  mononuclear  (tluu'actor  of  tlie  (u^lls.  X  .100.  ' 

N on-granular  Wandering  Cells  or  Macrophages  :  Reticnlo-o.ndothdinl 
System.  The  characters  of  these  cells  and  i.hcir  !W‘l:iviti(‘.s  vvcrc^ 
observed  and  described  by  Metchnikoff  at  an  <'Jirly  H(,a.g(i  in  liis 
studies  on  phagocytosis,  and  he  applied  to  them  the  term  wacropliw/cs 
(in  contrast  to  the  micropJiages  or  polyinorpho-niich^ar  IciK^ocytc.s).  I 
insisted  on  their  importance  in  the  phagocytosis  of  damaguU  (u^lhila.r 
elements,  of  protozoa,  and  of  certain  more  slowly  growing  hiictcria., 
e.g.  B.  tuberculosis,  B.  leprm,  etc. ;  and  he  believed  thali  they  w(u'c  tlu' 
source  of  the  immune-bodies  which  develop  in  active  imimuiisatioii 
(p.  186).  It  scon  came  to  he  recognised,  however,  that  rnacroiihagcs  an-, 
not  a  homogeneous  class  but  include  several  varieties,  c.g.  monoiuKdcar 
'  cells  of  the  blood  or  monocytes,  histiocytes,  derivativc.s  of  tlu^  ondo- 
thehum  of  lymph  channels  and  certain  blood  capillaric^s,  (iclls  of 
reticulum,  etc.  ■  The  source  of  cells  of  this  class  may  sometimes  ho 
traced  by  histological  methods,  especially  under  experimental  (a>n- 
aitions.  But  after  a  time  they  may  lose  their  characteristic,  h^atui-es 
crilv!  “^^7„le®ionpoccurring  naturally  it  may  be  im]iossiblc  to  <lis- 
mmate  different  kmds  of  macrophages  and  to  assign  their  origin. 
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The  terni  jiolybiast  was  therefore  applied  by  Maximo^\'  to  cells  of 
mononuclear  type  with  basophil  protoplasm,  which  often  abound  in 
inflamniatory  conditions.  He  considered  that  they  were  derived  from 
a  variety  of  sources  and  also  that  they  might  assume  different  characters 
and  become  plasma  cells,  macrophages  or  giant-cells,  and  might  even 
in  cei'tain  circumstances  take  part  in  the  formation  of  connective 
tissue.  The  use  of  some  general  term,  such  as  macrophages,  poly  blasts 
or  non-granular  wandering  cells,  is  thus  often  convenient  in  describing 
pathological  conditions . 

The  method  of  vital  staining — that  is,  the  staining  which  results 
from  the  injection  of  a  dye  inira  vitam — led  to  extensive  research 
on  this  question.  A  number 
of  stains  have  been  used  for 
the  purpose,  for  example 
lithium  carmine,  trypan  blue, 
isamin  blue,  etc.,  and  when 
one  of  these  is  injected  in¬ 
travenously  it  is  found  that 
certain  cells  are  coloured 
deeply,  others  faintly,  others 
again  not  at  all.  The  cells 
wliicli  stain  deeply  have  there¬ 
fore  the  pecLihar  property  of 
taking  up  in  considerable 
amount  the  stain  in  solution 
without  being  damaged  in 
consequence,  and  the  stain  is 
then  deposited  in  their  interior 
in  the  form  of  granules  (Fig.  43). 

Aschoff  and  Landau  observed 
that  the  pro|)erty  of  being 
deeply  stained  was  shown 
especially  by  certain  endothelial  cells  and  reticulum  cells  and 
by  some  of  the  macrophages  derived  from  them  ;  they  accordingly 
applied  the  term  reticulo-endothelial  system  to  the  tissue  cells  which 
are  vitally  stained  and  also  to  their  derivatives  which  show  the  same 
property.  The  cells  of  this  system  comprise  both  relatively  fixed 
cells  and  also  wandering  ceUs.  The  chief  examples  of  the  former 
are  (a)  the  reticulum  cells  of  the  splenic  tissue,  of  the  bone-marrow, 
and  of  the  nodes  and  cords  of  lymphoid  tissue,  and  (b)  the  endothelial 
cells  of  the  splenic  sinuses,  lymph  channels,  fiver  capillaries  (Kupffer 
cells),  capillaries  of  bone-marrow  and  also  of  the  adrenals  and  hypo¬ 
physis.  The  distinction  between  reticulum  cells  and  endothelial  cells 
is  convenient  but  must  not  be  sharply  maintained  as  the  two  types 
are  sometimes  apparently  the  same.  There  is  evidence,  for  example, 
that  certain  endothelial  cells,  e.g.  those  of  the  hepatic  capillaries  and 
splenic  sinuses,  can  also  form  reticulum.  In  addition  to  the  cells 


Fig.  4,3. — Vitally  stained  cells  from  peri¬ 
toneal  cavity  of  rabbit  several  days 
after  injection  of  a  dye  (diamine  fast 
scarlet). 

Note  numerous  macrophages  containing  granules 
of  the  (lye  along  with  polymorpho-nuclcars  which  are 
free  from  granules,  x  40U. 
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ineniioned  as  constituting  tlie  reticiiI()--cn(l()tJieliji!  wysiom,  iJn'ro  occur 
also  widely  distributed  in  the  tissues  cells  \\4iicli  react  in  a-  similar 
manner,  variously  named  cla.snmtocytcs,  a.dvcuiitiaJ  (‘clls,  vie.  in 
the  resting  phase  such  cells  a-ix^  usually  ovu,l  oi*  somewhat.  spindl(‘. 
shaped,  not  infrequently  witli  branching  j)roc(\ss(‘s.  Th(u‘r  [)rx)|.opIa,sm 
is  somewhat  lumpy,  stains  more  decqjly  and  is  more  dchiiUMl  Oia.n  (  hat 
of  the  connective  tissue  cells  or  til)r()cyt('s.  Though  oixau-ring  (‘sp(H*iallv 
in  the  position  mentioned,  they  luiv(‘  a  wide  distribution  in  (in'  com 
nective  tissues  ;  tlu'V  ai’c  now  gmuu’ally  Ix'lit'vcxl  to  be  (ii(‘  d(\se(m(h 
ants  of  migratory  cells  dcM'ived  (i'om  rnes(U)c]iymc  (xTs  a.nd  now 
usually  known  as  hidwcylvn.  I  n  i 1 1 f hininuitory  (xind i  t i< )i  is  (.h(‘y  ra  pi(  1 1  y 

.  ..  -  ,  a.ssuine  tluci'ouiHl  IVuau  (h'riunuxe 


Fig.  44. — Section,  of  peritoneum  in  sub¬ 
acute  inflammation,  showiiip: 


phagxcs  ajid  IxxHinu'  a.(fliv(4y 
pliagoc^ytic.  They  a,r(‘  also 
readily  staiiuxl  by  ilu^  intra- 
vitaan  nutliod  ami  arc  inclmhxl 
as  pa,rtorth(‘  rcdiculoauidotluhial 
system.  It  may  Ix^  addcxl  that, 
in  contra.st  to  tlu*  liist  iocylx^s, 
the  ordimuy  c.omuxrdvc  tissiK' 
cells  or  Jihrociftr,^  slain  only 
faintly  by  ini.ra,-vita.m  uudhods, 
while  any  staiiiuxl  gra,nul(‘s  in 
them  a.r(‘  small.  Wlimi  inllani- 
niatory  IVici  a,r(^  pix^simt  in  (he 
body  of  an  animal  a.nd  a.  snitubhx 
dy(‘  is  intixxlucixl  into  tlu‘  (u'r- 


charactem  of  the  serosal  cells,  which  dilation,  tli(‘  I’oci  Ixx'oim^  (hxmly 
have  proliferated.  (Prof.  J.  S.  Young.)  j  •  i  •  .  *' 

T  1  t.  „  n  stained  owmii'  (lO  the*  mx'sinux’' 

In  lower  part  of  figure,  some  of  the  cells  have  ..  .  ^  picscmx 

undergone  necrosis  and  their  nuclei  are  pyknotic.  Oi  th(^  hirgC'  llumIxu'S  of  (X'lls 

X  750.  I  '  1  ' 

which  lak(‘  np  ihv  dyiy  and 

thus  may  be  recognised  by  the  nakc'd  eyi'.  'I'liis  la.c.t,  Ikw  hec'ii  found 

of  service  in  aiding  the  recognition  of  small  foci  of  inllammation  in 

experimental  conditions. 


Serosal  Cells.  In  acute  inflammation  the  serosal  cells  of  (,lic.  large 
sacs  usuaUy  become  desquamated  at  an  early  stage;  and  the;  fre^e;  cdls 
can  be  recognised  for  a  time  in  the  exudate.  In  1(;hs  acute  (con¬ 
ditions,  they  may  undergo  proliferation  and  ()(;(!a.si(mally  form 
^eets  of  considerable  thickness  on  the  serous  surfa(;e  (Ifj...  .|.j.) 
Ordmarily  they  show  no  evidence  of  taking  part  in  the  formation 
q  connective  tissue,  hut  we  have  indications  of  tins  in  em-taia 
instances,  there  being  all  transitions  between  typical  serosal  cells  on 
the^surface  and  ceUs  forming  fibrils  below.  Such  an  appearance  may 

form  coiUKu^tive 

fiZ?  accompanying 
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Serosal  cells  are  not  actively  pliagocytic  towards  damaged  leuco¬ 
cytes,  etc.  ;  in  fact  they  have  little  or  no  phagocytic  action.  The  cells 
which  are  so  active  in  phagocytosis  are  mainly  histiocytes  which  have 
wandered  into  the  serous  sac.  The  monocytes  participate  also,  though 
in  less  degree.  It  may  be  added  that,  in  the  presence  of  certain 
irritants,  serosal  cells  may  undergo  metaplasia  and  form  cells  of 
different  types  and  of  varying  arrangement  (p.  120). 

It  is  to  bo  recognised  that  the  two  classes  of  cells,  monocytes  and  histiocytes, 
seen  in  active  lesions,  cannot  be  distinguished  by  ordinary  stains.  By  the  use 
of  the  so-called  supravital  methods — the  addition  of  dyes  such  as  neutral  red, 
Janus  green,  etc.,  in  weak  solution  to  fresh  exudates — morphological  differences 


Pjq.  45, _ Tissue  culture  preparation,  showing  a  sheet  of  serosal  cells  and  also 

outgrowing  spindle-shaped  fibroblasts.  (Dr.  Janet  S.  F.  Niven.) 


can  be  brought  out  which  enable  a  distinction  to  be  made.  Thus,  for  example, 
the  monocytes  have  in  their  cytoplasm  a  group  of  granules  stainable  by  neutral 
red  arranged  like  a  rosette  round  the  centrosome,  whilst  in  the  histiocytes  the 
stainable  granules  are  diffusely  scattered  through  the  protoplasm.  Even  in 
fresh  preparations  made  under  experimental  conditions,  while  many  cells  con¬ 
form  to  the  two  main  types  others  present  intermediate  characters  and  their 
absolute  differentiation  seems  to  us  a  matter  of  great  difficulty. 

The  conception  of  the  reticulo- endothelial  system  has  been  of  great 
service  in  bringing  into  prominence  a  group  of  cells  with  special  pro¬ 
perties  in  relation  to  the  storage  of  chemical  substances  and  to  phago¬ 
cytosis.  It  is  not  a  sharply  defined  system  either  anatomically  or 
physiologically  and  its  cells  have  great  powers  of  proliferation  and 
regeneration,  so  that  its  functions  as  a  whole  cannot  be  abrogated  by 
stuffing  the  cells  with  inert  materials— -so-called  reticulo -endothelial 
blockade.  While  the  functions  of  the  system  come  into  evidence 
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chiefly  in  abiiormarl,  states,  it  is  now  estai)lislK‘(l  that-  il.  is  injiin 
seat  of  the  normal  formation  of  bile  |)ii!;m(mi-.  T1iis  sul)j('c(,  will  lx* 
discussed  at  a  later  stage.  In  various  eonditions  of  d  is(\’is(‘  th('  i‘eiieu  lo- 
endothelial  system  also  plays  an  im|)ortant  in  Ou'  stoi*jig(‘  of 

lipoids,  blood  pigment j  etc. 

Lymphocytes  and  Plasma  Cells.  The  lym|)hoeytes  Itavo  f(Hd)l(^ 
amoeboid  powers,  but  there  is  little  doubt  tliat  they  a, Iso  cmigraf  -e,  fi’om 
the  blood  vessels.  This  is  well  illustrated  in  (ua'ta.in  in(la,mma,tions, 
for  example  in  acute  lethargic  encephalitis,  wlua’(^  tli(\v  (miigrati^  and 
form  large  collections  around  tire  Ijlood  vesseds  (Fig.  d47).  It  (;a.n 
hardly  be  said  that  they  have  no  phagocytic,  [jowcm*,  bid)  this  is  at/  a, 
miiiimuin.  Probably  they  become  enlarged  wluai  t/h(\v  aiv^  going  to 
exert  this  function.  Aithongh.  they  occasionally  migrate  in  fa.irly 
acute  conditions,  they  accurniilate  in  tlie  tissue's  ('spiaaally  in  chronic 
inflammations,  and  where  a  more  actives  reaction  luis  Ix'eonu'.  (jni('S(H'nt. 
They  are  numerous  around  tubercle  (bllic]('s,  a,Lso  in  tlu^  iid.('rs(.i(!(‘s 
of  cicatrical  tissue,  and  often  form  c.olhHttons  of  {a>nsid('ra/l)Ie  sizi^ 
where  epithelium  is  undergoing  involution  a.nd  atrophy,  for  oxa-mphy 
in  the  thjrroid  gland  in  myxoedema,  in  lilri-otic  lesions  of  tln^  livei- 
and  kidney,  etc.  They  abound  also  around  tlu^  ei'lls  of  an  invading 
epithelioma  or  other  growth,  and  there  is  evidcaua'  tJia/t  (hwa'lopim'id- 
of  immunity  against  malignant  growths  is  asso(‘iat(‘d  witli  spt'cia.l 
activity  of  these  cells.  Their  precise  function  is  not  known,  but/  in 
reactive  states  they  may  undergo  rapid  dissolution  wiMi  lilx'ration 
of  gamma  globulin,  and  it  is  believed  that  they  nuiy  he  c.oneiaau'd 
in  the  production  of  antibodies* 


The  plasma  cells,  which  have  a  characteristic  appearatuug  a.r(^  ofi.(‘n 
found  in  subacute  and  chronic  lesions  along  with  lymph()cy{.('s,  but 
they  tend  to  abound  in  rather  more  active  lesions  tluui  tlu'.  lattcux 


They  are  somewhat  larger  than  lymphocytes,  and  their  protojikism 
is  more  abundant  and  more  basophil.  The  nuchms  is  sphori(‘.al, 
usually  eccentric  in  position,  and  possesses  a  coarse  chronuitin  ludevork, 
the  threads  of  which  are  arranged  in  a  radiate  fashiom-»-‘  (iart-wlu'ul  ’ 
or  '  clock-face  ’  type  of  nucleus.  At  the  side  of  the  nii(d(Mis  is 
often  a  narrow  unstained  crescent.  With  Pappenluum’s  nudJiyl  grt'tui 
and  pyronin  stain  the  protoplasm  of  the  plasma  cells  is  stu/iiuvl  a 
distinct  red  colour,  apparently  due  to  its  rich  conttMib  of  ril)()mu(‘l('i(5 
acids,  which  may  indicate  that  they  are  actively  cotujci'imd  in  pi'op'in 
^thesis  (Thorel).  They  are  feebly  amoeboid  and  ra-ix'ly  p!iag()(‘,yti(x 
There  is  little  doubt  that  they  are  usually  derived  from  lymph ()(‘yt(\s, 
and  probably  may  assume  the  characters  of  the  latter  again  'idnur 
eWters  are  weU  shown  in  Mg.  46.  Plasma  ccUs  arc  scicn  in  granu¬ 
lating  wounds  and  in  subacute  and  chronic  inflammatory  h^sions. 
They  are  usnaUy  abundant  in  syphilitic  lesions,  both  in  the 

lesions,  e.g,  around  gurnmata,  in 
functions  cannot  be  satisfiu/toi'ily 
ned,  but  cYidently  include  a  protective  property.  They  probably 
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represent  a  more  active  type  than  the  ordinary  form  of  lympho¬ 
cyte,  and  like  them  may  be  concerned  in  immunity  reactions. 

EosmofhU  Leucocytes.  The  number  of  circulating  eosinophils 
fluctuates  widely  in  liealth,  but  they  are  known  to  accumulate  in 
certain  diverse  conditions,  notably  in  the  allergic  reactions  of  the 
tissues  against  foreign  proteins.  They  abound  in  the  sputum  in 
bronchial  asthma,  in  certain  skin  lesions,  e.g.  pemphigus,  psoriasis, 
etc.,  and  around  animal  parasites,  for  example  the  TricMnella  spiralis. 

In  the  lesions  of  lymphadenoma  they  are  often  numerous,  and  they 
are  occasionally  abundant  in  various  tumours,  but  in  such  conditions 
their  presence  appears  very  variable.  The  eosinophils  are  actively 
aniceboid,  but  rarely,  if  ever,  phagocytic.  The  view  put  forward  by 
some  tliat  the  granules  represent  a  secretion  of  defensive  nature,  which 
becomes  discharged,  has  not 
been  established.  In  conditions 
where  there  is  an  emigration 
of  eosinophils  into  the  tissues, 
notably  in  parasitic  diseases, 
increase  of  these  leucocytes  or 
eosinophilia  may  be  present  in 
the  blood  ;  this  is  produced  in 
the  same  way  as  ordinary 
leucocytosis.  In  acute  reactive 
states,  e.g.  lobar  pneumonia, 
the  number  of  circulating 
eosinophils  is  rapidly  reduced. 

The  administration  of  pituitary 
adreno -  corticotrophic  hormone 
brings  about  a  similar  re¬ 
duction  in  the  eosinophil  count, 
apparently  through  the  con¬ 
sequent  liberation  of  certain 
hormones  from  the  adrenal  cortex,  but  that  responsible  for  the 
effect  has  not  yet  been  precisely  identified.  It  has  been  suggested 
that  the  fall  in  the  eosinox^hil  count  in  acute  infections  and  other 
conditions  of  physiological  stress  may  be  attributed  to  this  mechanism, 
viz.  a  neuro -hormonal  stimulus  acting  through  the  xijtuitaiy  and 
adrenal  cortex. 

Fibroblasts.  These  are  spindle-shaped  or  oval  cells,  often  with 
delicate  processes  at  their  extremities,  and  are  formed  by  enlarge¬ 
ment  of  the  pre-existing  connective  tissue  cells  or  fibrocytes  (p.  55). 
They  appear  at  an  early  stage  of  inflammation  and  become  very 
numerous  and  active  in  the  process  of  repair  (p.  103).  _  They  usuaUy 
have  a  quite  distinctive  appearance  and  are  in  ordinary  circum¬ 
stances  probably  the  only  cells  which  actively  form  collagenous 
fibres.  We  put  the  statement  in  this  form  advisedly,  as  it  is  not 
possible  to  speak  dogmatically  and  there  is  left  open  the  possibility 
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Fig.  46. — Plasma  cells  in  subacute  in¬ 
flammation,  showing  the  abundant 
protoplasm  and  characteristic  nuclei. 
(G.H.W.)  X  600. 


78 


TEXT-BOOK  OF  PATHOLOGY 

that  serosal  and  other  cells  may  in,  some  (drenmsl.a.Me('s  <.a,ke  part 
in  the  formation  of  connective  tissue.  Th(‘.  Ilhroeytes  may  be 


Fig.  47. — Fibroblasts  as  seen  in  a  cultur(3  in.  vitro,  (Dr.  Janet 
S.  F.  Niven.)  x  SOO. 


regarded  as  a  distinct  ceU  Hneage  which  is  split  off  from  nuvsciu'hvino 

and  their  functions  arc  mainly 
matn  e.  Another  cell  hneage  of  similar  origin  is  constituted  hy  the 
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histiocytes,  which  are  widely  distributed  and  whose  functions  are 
chiefly  phagocytosis  and  storage.  The  characters  of  fibroblasts  are 
well  shown  in  Fig.  47. 

Giant-cells.  Metchnikoff  showed  that  the  fusion  of  cells  to  form 
multinucleated  plasmodial  masses  is  a  common  phenomenon  through¬ 
out  the  animal  kingdom.  Corresponding  cells  are  frequently  met 
with  in  various  pathological  conditions  in  the  human  subject  and  are 
called  giant-cells  or  foreign-body  giant-cells.  Such  cells,  which  may 
reach  a  considerable  size,  vary  greatly  in  form,  and  have  often  an 
irregular  or  branched  outline ;  they  contain  multiple  small  oval 
nuclei  which  are  usually  pretty  uniform  in  appearance  (Figs.  48, 


■Uic  49  -Foreign-body  giant-cells  around  particles  of  surgical  talc  accidentally 
'introduced  at  operation.  On  the  right  as  seyn  through  crossed  polaroid 
screens  which  render  the  particles  brilliantly  visible  owing  to  their  property 
of  double  refraction.  X  2()().  (Dr.  J.  B.  O-ibson.) 

49).  The  number  of  nuclei  is  sometimes  very  great.  Much  dis¬ 
cussion  has  taken  place  as  to  their  origin, ^  but  it  seems  certain 
that  they  may  be  derived  from  different  kinds  of  cells.  In  fact, 
plasmodial  formation  seems  to  be  a  throwing  back  to  a  primitive 
property  possessed  by  cells.  Their  chief  origin  is  from  cells  of  the 
reticulo-endothelial  system,  but  we  believe  that  they  originate  also  from 
connective  tissue  cells,  and  even  from  epithelial  cells.  We  have,  for 
example,  traced  the  formation  of  giant-cells  from  the  epithelium  in  the 
thyroid,  parotid,  and  the  ducts  of  the  mammary  gland.  Their  mode 
of  formation  likewise*  appears  to  vary,  as  in  some  cases  the  multi- 
nucleated  condition  is  the  result  of  amitotic  division  of  the  nucleus  of 
a  single  cell,  whereas  in  other  cases  the  giant-cell  is  formed  by  fusion  of 
several  cells.  The  former  mode,  however,  seems  to  us  to  be  the  more 
frequent  in  the  human  subject.  In  a  general  way,  giant-cells  may  be 
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said  to  form  especially  around  inaterial  wliicli  is  (liHicMilt  of  a,I)sorp<,i<)n. 
They  are  thus  seen  around  such  siil)stances  as  choh'sits'ol  (aystaJs, 
urates,  and  sometinies  fatty  and  d(‘g(vnera,t('(l  ina/tca'iaJ.  'TIh'v  are 
common  in  old  wounds  in  rehition  to  caityut  or  silk  lil)i*(\s,  and  tluy' 
are  produced  in  abundance  by  tlie  introdiK'iion  of  siirL»’icai  (.ah^nni 
powder  into  the  tissues  (Fig.  49).  Tlu^  giant-cells  whi(ih  a,r(‘  so  corn  tnou 
a  feature  of  tuberculous  lesions  are  to  b(‘  r(\gaj‘d(al  as  b<‘ longing  to 
the  same  class,  as  are  also  those  in  syjrliilis,  although  in  (Jiis  lattia* 
condition  giant-cells  occur  less  frequently,  and  nw  nsnaJly  of  sinalha* 
size. 

Other  Varieties.  Whilst  these  are  the  main  va,ri(‘ti(‘s  of  cells  wliicvli 
can  be  readily  recognised  in  inflammatory  pro(a\ss(\s,  la^fcreiuai  nuiy  l)c 
made  to  some  others  which  have  been  (k'seriixal.  1!h(‘  tru’in  iiimUrll 
is  applied  to  a  cell  containing  coarse  basophil  granules,  wbicli  usua  lly 
give  a  metachromatic  reaction  with  methylene  blu(\  Ma,st-(‘(9Is  arc 
met  with  along  with  adventitial  cells,  and  sonu^  of  tinun  may 
be  derived  from  the  latter.  Others  again  may  ha,v(‘.  frorii 

the  blood.  According  to  the  recent  n'sults  of  Joi’ixvs  and  oGum-s,  the 
mast-cells  are  important  carriers  of  h('j)aian  ;  in  fani;  the.  graam](\s  arc 
largely  composed  of  this  substance,  and  in  it,  ib(‘,  meta,elu'ornati(^ 
reaction  is  due.  Heparin  is  a  polysulphiuh^  (‘stnr  of  high  juohMailar 
weight  and  is  well  known  as  a  natural  anii(‘()agula,nf.  I  t,  is  not  possibh^. 
as  yet  to  say  what  light  these  results  will  tlirow  on  tlu^  |)a.rt  pla.^aal  by 
mast-cells  in  pathological  conditions. 

In  recent  years,  a  large  amount  of  research  has  bexm  (cinakal  out) 
with  regard  to  the  genetic  relationships  of  tlu^  diHeiamt  kinds  of 
cells  which  we  have  discussed.  No  general  agreement,  how<nau’,  ha,s 
been  arrived  at,  and  it  is  not  possible  to  say  to  whaf)  (^xinnl. 
transition  from  one  type  of  cell  to  another  tak(\s  pL'ux’;.  All  a.r(^ 
agreed  that  the  differentiated  granular  leucocytes  are  end-produefs 
and  undergo  no  change  into  other  types,  but  with  regard  to  tlu^  non- 
granular  cells  diversity  of  opinion  still  prevails.  In,  ])athologica,l  con¬ 
ditions,  macrophages  (monocytes  and  histiocytes),  ly.npiux^yLvs  along 
with  plasma  cells,  serosal  cells  and  fibroblasts  are  concuu'iuxl  in  dilTcnmfc 
processes  and  behave  very  much  as  if  they  constituted  dilhuxmt  ela,ss(^H. 
But  whilst  this  is  so,  it  must  be  freely  admitted  that  transitions  b(d;W(um 
the  different  types  may  take  place.  The  position  sccmis  to  be  pnddy 
much  the  same  as  that  in  connection  with  the  cells  of  tlie  blooci. 
Under  normal  circumstances  cell  production  is  of  the  homopL'iHti(^  tyfx^, 
that  is,  each  cell  is  formed  from  a  definite  mother  cell  or  anc-estor  ; 
but  in  pathological  states  it  maybe  carried  back  to  an  earlier  sta,<ui  iii 
ontogenetic  development,  and  then  we  see  cells  undergoing  dilTrucn- 
lation  into  types  from  which  they  are  ordinarily  quite  distinct. 


CHAPTER  III 


INFLAMMATION  {coniinued) :  REPAIR  AND 
HYPERTROPHY 

Introductory — Proliferative  Processes  in  General 

The  proliferation  of  cells  constitutes  so  important  a  factor  in 
chronic  inflammation  and  other  pathological  conditions  to  be  con¬ 
sidered  afterwards,  that  it  will  be  of  advantage  to  give  at  this  stage 
a  general  survey  of  the  circumstances  under  which  it  occurs.  In  the 
adult  body,  in  the  normal  state,  cellular  proliferation  is  practically 
in  abeyance,  except  in  so  far  as  is  required  to  make  good  '  wear  and 
tear  ’  loss.  Cells  are  continually  being  lost  by  desquamation  from 
the  skin  surface  and  from  mucous  membranes,  and  there  is  a  corre¬ 
sponding  proliferation  to  make  good  the  loss.  Red  blood  corpuscles 
and  leucocytes  are  constantly  undergoing  disintegration,  and  accord¬ 
ingly  we  find  signs  of  active  division  in  the  cells  in  the  germ  centres 
of  lymphoid  tissue  and  in  the  bone-marrow.  In  any  case,  cellular 
])roliferation  in  the  adult  is  a  process  of  what  we  may  call  normal 
repair.  In  internal  organs,  such  as  liver,  adrenals,  kidneys,  etc.,  we 
have  a  state  of  cellular  equilibrium  and  proliferation  is  minimal.  In 
certain  pathological  conditions,  however,  proliferation  may  be  set  up  in 
cells  normally  in  a  quiescent  state,  and  also  may  be  increased  in  the  tis¬ 
sues  where  cell  multiplication  normally  occurs.  The  following  are  the 
chief  of  these  conditions,  but  there  are  some  examples  of  proliferation 
to  be  mentioned  which  cannot  be  placed  in  the  categories  given  : — 

(1)  Wounds  or  Destruction  of  Tissues.  In  such  conditions  a  process 
of  reparative  proliferation  comes  into  action,  and  the  important 
factor  in  initiating  the  process  is  breach  of  continuity.  Under  normal 
circumstances  all  the  cells  of  the  body  have  a  relation  to  the  sur¬ 
rounding  cells,  and  this  relation,  in  the  case  of  solid  tissues  generally, 
is  on  every  side  ;  in  the  case  of  the  superficial  cells  of  epithelia  and 
endothelia,  on  every  side  but  one.  This  relationship  acts  as  a  re¬ 
straint  on  cell  proliferation  ;  it  produces  what  is  often  known  as  tissue 
tension ;  if  this  be  disturbed  by  a  cut,  the  cells  in  the  neighbour-- 
hood  proliferate  in  order  to  restore  the  continuity;  once  this  is 
effected  the  proliferation  comes  to  an  end.  If,  on  the  other  hand, 
tlie  breach  is  maintained  by  repeated  damage  or  loss,  the  cells 
will  continue  to  multiply,  and  there  appears  to  be  practically  no 
limit  to  the  proliferative  capacity.  The  process  of  repair  will  be 
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studied  more  fully  later,  but  at  present  it  may  l)e  stated  that  tlie 
proliferative  capacity  varies  nnie-h  iu  th(>  difl(‘i*(‘ut  tissu(\s,  Ix'inu  as 
a  rule  inversely  in  proportion  to  the  d(‘gree  of  sp(x*iaJisation.  11uis 
it  happens  that  repair  in  a  hig'hiy  (hvvelo|)(Ml  I  issiac  is  oftnn  (‘flecvlcai 
by  one  of  lower  order,  especially  by  fi  brous  tissue. 

Repair  following  upon  loss  is  well  illustral(‘<l  iu  th<‘  ease  of  the 
blood,  the  occurrence  of  lisemorrliage  leading  to  iiKu'(‘as(‘d  prolif(‘ra- 
tion  of  the  erythroblasts  in  the  bone-niarrow.  Ihaaa  h()W(‘V(M*,  t  he 
matter  is  more  complex,  as  the  proliferation  is  tlu^  la^sult  of  diniiin 
ished  oxygen  supply,  which  acts  in  some  way  as  a  stinmlus.  Ithirtlu'r, 
when  the  condition  of  diminished  oxygen  su|)ply  is  maintained,  for 
example  when  a  person  lives  at  a  high  altitude  with  diminished 
oxygen  tension,  a  compensatory  hyperplasia  of  the  erythr()l)la,sts 
occurs  and  the  number  of  red  corpuscles  in  the  blood  {xvr  c.mm.  is 
raised  above  normal. 

(2)  Chronic  Irritation.  Cell  proliferation  is  an  outstanding  fcaaiarro 
of  the  reaction  which  occurs  when  the  tissues  are  cxpostal  to  (lu^  act  ion 
of  irritants  of  a  milder  nature,  in  fact,  irritants  insulli(‘i<mt.  to  produca^ 
the  death  of  the  cells  or  marked  exudation.  It  is  thus  a  (Pi(d'  plumo- 
menon  of  chronic  inflammation.  Here  again  it  is  th<^  l(‘ss  highly 
specialised  tissues  which  react  most,  SiuT  pi'oliloraflon  is  closcvly 
allied  to  that  following  breach  of  continuity  or  (himag(‘  ;  it  is  often 
impossible  to  draw  the  line.  For  example,  luu'.rosis  of  (Issue  nuains 
a  breach  of  continuity  so  far  as  the  surrounding  living  coWh  a-io.  (on- 
cerned,  and  at  the  same  time  the  dead  tissue  may  a,<^t,  a.s  a,  mild  irritjint . 
It  is  possible  that  in  both  cases  a  substance  of  the  na-turc',  ol‘Il  -sul)sta,nee 
(p.  4)  is  set  free  from  the  affected  cells  and  this  acts  as  t^lic  stimulus 
to  proliferation. 

(3)  Functional  Hypertrophy  and  Hyperplasia.  Cc^llular  prolih'ra- 

tion  may  occur  as  a  response  to  increased  fimetional  (hunands,  (^g. 
in  the  liver  after  partial  removal  or  following  wi(l(\spi-(si{l  lU'crosis. 
It  occurs  also  in  endocrine  glands  after  partia.l  rmnovaJ  oi*  ineoinpldc 
destruction,  and  the  significance  of  incix^ased  funeflonaf.  <hmia,nd  ea,u 
then  he  clearly  demonstrated  by  the  al)senen  of  prolileratfon  in  ih(‘ 
surviving  tissue  if  the  appropriate  hormom^  is  supphhal  a.rtJlieia.ll v. 
1/Yithin  limits,  increased  kataholism  beyond  the  normaJ  h'a.ds  t<o  in  - 
creased  anabolism  and  thus  to  enlargement  or  liy[)ertn)ph y  of  (‘(Bs.  Tlu^ 
h;>^ertrophied  cells  then  may  undergo  multii)lie,ation,  a,nd  a,s  a,  r'c'snit.  of 
these  two  processes  the  functioning  tissue  heciomes  (mhugex  I .  ptaad  i  - 

arity  in  this  type  of  proliferation  is  that  the  sparMised  cdU  ofam  oiga.u 
can  be  called  into  formative  activity  while  the  stroma  is  uiiafhad'al. 

^  {^)  Growth  produced  hy  Special  Stimuli.  It  is  now  known  that 
the  internal  secretions  of  certain  endocrine  glands  act  as  direct  stimuli 
to  growth.  The  excessive  growth  seen  in  giantism  and  acromegaly 
caused  by  hyperactivity  of  the  anterior  lobe  of  the  hypop])ysis  has 
come  to  he  recognised  as  an  example  of  such  an  (vlfev/t;,  mul 
complete  experimental  proof  has  recently  been  provided.  Acm,in 
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the  liyperplastic  changes  in  the  niammae  in  pregnancy  are  brought 
about  by  a  hormone  supplied  by  the  corpus  luteum  or  by  the  tissues 
of  the  foetus  ;  and  the  hyperplastic  changes  in  the  endometrium  in 
the  menstrual  cycle  are  similarly  brought  about  by  hormones.  The 
existence  of  true  stimuli  to  growth,  as  distinguished  from  necessary 
foodstufts,  must  thus  be  recognised.  It  is  generally  regarded  that  the 
favouring  influence  of  embryonic  juice  on  growth  in  tissue  cultures 
is  due  to  the  presence  of  growth-promoting  substances.  This  view 
has  been  extended  by  Carrel  to  the  process  of  repair  in  general  and 
he  has  given  the  name  trephones  to  such  substances,  of  which  he 
believes  that  the  leucocytes  are  an  important  source.  But  it  has  not 
been  shown  that  the  application  of  such  substances,  supposed  to  act 
as  stimuli,  leads  to  a  proliferation  of  cells  when  they  are  in  their  normal 
relationships.  The  subject  of  chemical  agents  in  relation  to  growth 
is  one  of  high  importance  but  it  is  little  understood.  What  we  know, 
however,  with  regard  to  the  remarkable  effect  of  hormones,  notably 
those  of  the  ovaries,  in  promoting  and  regulating  tissue  growth  opens 
up  wide  possibilities,  and  the  recent  work  in  experimental  embryology 
with  regard  to  the  part  played  by  ‘  organisers  ’  in  development  has 
given  results  of  even  more  striking  character. 

There  are  thus  three  main  conditions  in  which  reactive  prolifera¬ 
tion  is  called  fortly4nd  whereas  in  the  processes  of  repair  and  chronic 
inflammation,  the'  proliferation  is  mainly  on  the  part  of  stroma  cells 
and  non-specialised  epithelia,  in  functional  hyperplasia  the  specialised 
cells  are  those  concerned.  The  growth  produced  by  hormones  and 
like  substances  may  be  regarded  as  in  a  category  by  itself,  and  it  is 
to  be  noted  that  both  specialised  and  non-specialised  cells  may  be 
affected  by  such  action.  The  proliferation  occurring  in  tumour  growth 
or  neoplasia,  so  far  as  is  known,  is  of  a  different  character  and  will 
be  discussed  later. 


CHRONIC  INFLAMMATION 

^  The  lesions  in  chronic  inflammation  are  characterised  by  prolifera- 
!  tion  of  fixed  cells  of  the  part,  and  by  new  formation  of  blood  vessels, 
i  whilst  the  wandering  cells  present  are  chiefly  of  the  non-granular 
series— we  may  say,  chiefly  macrophages,  plasma  cells,  lymphocytes 
I  and  also  giant-cells.  Reaction  of  this  type  is  often  spoken  of  as 
I  productive  inflammation  in  contrast  with  the  exudative  inflammation 
of  acute  type.  These  terms  are  convenient  as  indicating  the  pre¬ 
dominance  of  one  of  two  different  processes,  but  it  must  be  recognised 
that  these  processes  are  met  with  together  in  varying  proportion. 

We  have  seen  that  even  in  an  early  stage  of  acute  inflammation, 
some  proliferation  of  the  connective  tissue  cells  occurs.  As  the  irritant 
becomes  less  intense  in  its  action,  this  change  is  more  marked.  In 
many  cases  of  acute  inflammation  the  irritant  persists  in  a  milder  form, 
and  hence  the  proliferation  of  the  connective  tissue  cells  continues. 
Thus  acute  meningitis  may  be  followed  by  chronic  meningitis,  acute 
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nephritis  by  cliionic  nephritis,  and  acute  eiuiocarditis  by  clu’onic 
endocarditis.  In  such  cases  it  may  be  im|)()ssil)lc  to  draw  a  line 
between  what  is  called  chronic  inflammation  and  tlio  j)i‘()c(‘ss  of  r(‘pa!r. 
The  fibrinous  exudate  in  pleurisy,  for  example,  undergoes  organisa¬ 
tion  essentially  as  a  process  of  repair,  yet  tlie  fibrous  tissues  wliicli  is 
produced  is  often  taken  as  a  sign  of  chronic  pleurisy.  80  also  in  ae.ut(‘ 
pneumonia,  the  fibrin  in  the  air-vesicles,  instead  of  l)(Ma)ming  ahsorlaa! 
in  the  usual  way,  may  become  organised,  and  the  r(^suIOng  fibrosis  is 
spoken  of  as  chronic  interstitial  pneumonia.  On  thc^  oflua-  band,  (be 
irritant  may  be  of  mild  nature  from  the  first,  and  never  haul  to  flu^ 
various  phenomena  of  acute  inflammation  with  its  a:Ssoeiai<ai  symp¬ 
toms.  It  is  thus  important  to  distinguish  from  a  practical  j)oint.  of 
view  these  two  main  types,  viz.  (1)  chronic  inflauimation  which  is  a 
sequel  to  acute,  and  (2)  chronic  inflammation  wliich  is  of  slow  jvrogri'ss 
throughout,  that  is,  chronic  from  tlie  outset.  The  patliologist  lias 
constantly  to  determine  to  which  of  these  varieties  tlie  chronic  iirtlanii- 
mation  belongs. 

As  causes  of  'primarily  chronic  iriflamniation  there  are  many  inild 
irritants  of  different  kinds.  They  belong  to  tliree  main  classes, 
described  as  follows  : — 

{a)  The  irritant  may  be  of  orga'nismul  nature.  S(W(u*al  kinds  of 
organisms,  of  which  the  tubercle  bacillus  and  the  s])iroeJuel.(^  of  syphilis 
are  the  most  important  examples,  are  relatively  slow  in  (bdr  auction 
on  the  tissues,  so  that  the  lesions  produced  by  them  are  ehi(^lly  pi‘o- 
liferative  in  nature,  corresponding  to  those  wliieh  are  seen  in  graam- 
lation  tissue,  and  are  accordingly  spoken  of  as  mjcrdwc  (jranuUmiaia. 
Such  organisms,  of  course,  act  by  means  of  toxins,  and  tlussi^  may  spn^id 
widely  and  produce  connective  tissue  overgrowth  at  sonu^.  distniKu^ 
from  the  organisms.  Thus,  both  in  tuberculosis  and  in,  syphilis, 
diffuse  fibrosis  is  a  common  result,  in  addition  to  the  more  c(‘llular 
lesions  which  are  produced  around  the  organisms.  '"The  inle.ctivc^ 
granulomata  are  typical  examples  of  chronic  inflammatory  pro(a5ss(‘s, 
and  will  be  described  later. 

(5)  The  irritant  may  be  of  the  nature  of  a  mild  poiso'ti  in  solution 
either  a  toxin  or  a  definite  chemical  substance,  heiid  is  Ui  good 
example  of  a  metallic  poison  which  both  damages  sp(a*ialis(Ml  (‘,(‘lls  and 
brings  about  connective  tissue  overgrowth. 

(c)  The  irritant  may  be  of  a  particulate  or  granular  cha;ract(u' ; 
for  example,  when  silica- containing  dust  is  inhakal  for  ai  long  lime, 
it  comes  to  he  absorbed  into  the  lymphatic  spaces  of  tlu'  lung,  wIhm'c^ 
some  goes  into  solution  and  gives  rise  to  an  overgrowfih  of  (u>nn(';e.fiivei 
tissue,  that  is,  a  chronic  interstitial  pneumonia,  ddie  Ibi'mation  of 
fibrous  tissue  around  deposits  in  the  tissues,  e.g.  lime  salts,  pignumt.s, 
etc.,  and  the  encapsulation  of  dead  material,  are  of  simikir  ria,iiuu. 
^  Histological  Chabactebs.  Chronic  inflammation  is  character¬ 
ised,  as  has  been  stated,  by  overgrowth  of  the  interstitial  connective 
tissue,  and  this  varies  greatly  in  character.  In  the  earlier  stagi^s  it 
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mcay  be  comparatively  cellular,  the  cells  spindle-shaped,  and  the  con- 
nectiv  e  tissue  fibres  delicate  and  scanty ;  this  is  well  seen  in  congenital 
syphilitic  cirrhosis  of  the 
liver.  On  the  other  hand, 
in  the  later  stages  or  where 
the  process  has  been  of 
very  slow  nature  through¬ 
out,  the  chief  change  is  a 
thickening  of  collagenous 
fibres,  whilst  cells  are  rela¬ 
tively  scanty  (Fig.  50). 

The  vascularity  of  the  new 
tissues  also  varies  greatly. 

There  is  sometimes  a  con¬ 
siderable  formation  of  new 
blood  vessels  and  the  in¬ 
terstitial  tissue  may  appear 
of  a  reddish  colour,  as  is 
often  seen  in  cirrhosis  of 
the  liver  and  kidney.  Very 
frequently,  however,  the 
tissue  is  relatively  non- vas¬ 
cular,  and  this  is  specially 

the  case  when  the  interstitial  growth  is  dense  and  fibrous  and 
contains  comparatively  few  cells.  The  wandering  cells  present  are 

chiefly  of  the  non-granular 


Fig.  50. — Chronic  inflammatory  nodule  in 
silicosis. 

At  the  periphery  fibro-cellular  tissue  is  present,  while 
towards  the  centre  the  collagenous  fibres  are  thick  and 
somewhat  hyaline ;  some  stone  particles  are  present 
between  the  fibres,  x  150. 


.  (■  / 


type — macrophages,  plasma 
cells  and  lymphocytes,  the 
last  often  predominating  in 
very  chronic  cases,  where  they 
frequently  occur  in  clumps 
between  the  dense  fibres.  In 
certain  conditions,  eosinophils 
may  he  present  in  consider¬ 
able  numbers  and  even  a  small 
proportion  of  ordinary  poly- 
morpho -nuclear  leucocytes 
may  be  found.  When  the 
irritant  is  of  particulate 
character  or  a  substance 
difficult  of  absorption,  the 
occurrence  of  '  foreign-body 
giant-cells  (Fig.  48)  is  often  a 
prominent  feature,  and  when 
degenerative  changes  are  going  on  in  the  neighbourhood,  the 
macrophages  may  contain  droplets  of  fat  or  other  material.  Cells 
filled  with  globules  of  myelin  fat — the  so-called  foamy  cells — are 


Fig.  51. —Foamy  cells  in  chronic  in¬ 
flammation,  showing  the  reticulated 
character  of  their  protoplasm  due  to 
myelin  fat.  x  500. 
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of  not  infrequent  occuiTonce  (Fig.  51)  )ui<l  we  luive  olwerved  Oiaf.  ILey 
are  often  abundant  in  the  gfanuloinatous  li'sioii.s  of  a.e( iiioni vcokIs 
Variations  in  the  structural  features  of  the  new  (.issue  formed  a.s  a' 
reactive  j^rocess  are  well  illustra,ted  in  the  ease  of  |,iie  inf(>etive 
granulomata,  as  will  be  described  below. 

It  is  important,  hoAvever,  to  note  tluit  tliere  a.re  no  ready  speGlie 
distinguishing  characters  in  the  histologieaJ  structure  of  siieii  elironici 
inflammatory  lesions,  and  short  of  finding  the  (iaiisaJ  niim'o-orga.nisin 
a  diagnosis  based  on  histological  feature's  aJoiu^  nrnst  Ik-  oiven  with 
reserve.  Thus  the  tubercle  follicle  is  ehara.(d.ei'istie  of  (fu;  lesions 
due  to  the  Mycobacterium  inhnculnfsis,  l)ut  this  organism  ma.v  a,(. 
times  produce  a  quite  different  and  Tmicli  more  aeulo  e.\ndat-iv<' 
lesion,  e.g.  in  the  meninges  or  ph'ui-a.  Again ,  (.he.  Trrpournia  pallidum. 
commonly  induces  a  diffuse  chronic*  inlla.mma.torv  r('spons(',  hut.  a.!, 
times,  especially  in  older  lesions,  a  markedly  follie'ula.r  e.hara.cd.er*  ma.y 
be  seen  and  an  erroneous  diagnosis  of  tidx'rcudosis  ma,y  then  be  ma.de. 

‘  Tubercle  ’  follicles  are  also  very  characteris(.i(^  of  sa.ixmidosis,  a, ml  a.ri^ 
frequently  induced  in  the  tis.sues  by  forc-ign  bodies.  lAu*  e.\a,m|')l(', 
finely  divided  silica,  introducc'd  into  tlu'  tissue's  by  traiiima,  or  in  the 
form  of  surgical  talc,  may  give  rise  to  a  lesion  iiisl.ologicta.llv  indis¬ 
tinguishable  from  sarcoid,  and  we  have  sc'en  numerous  ('.xamples  of 
such  lesions  erroneously  attributed  to  tlu*  a.e,tion  of  tul)erde  bacilli. 
Fatty  substances,  such  as  the  contents  of  (h'rmoid  ev.sts,  and  tiu' 
stagnating  secretion  within  mammary  duG.s  a, Iso  give  I'ise  '(.o  a.’ma,rk'('dly 
granulomatous  reaction  in  which  ‘  tubercle  ’  follicles  a, re  nuuu'rous. 

^  here  are  thus  many  pitfalls  in  the  histologica,!  diagnosis  of  chroinc 
inflammatory  lesions  and  wherever  possible  the  dia, gnosis  should  lie 
confirmed  by  bacteriological  or  serological  (.ests. 

Results  These  are  brought  about  mainly  by  the  ((uidenev  of 
the  newly  formed  tissue  to  contract.  Seriou.s  eifect.s  may  folk.w 
from  the  narrowing  of  orifices  and  tubes  thus  caused  ■  .for  (‘'xa.mide 
stenosis  of  the  mitral  valve  in  chronic  endocarditis,  .sl.i'uosis  of  fh.’ 
larynx  in  syphilitic  disease,  etc.  For  this  reason  also,  organs  wl,  'h 
are  the  sea  of  interstitial  change  tend  to  diminish  in  sit  *  am 
the  fibrous  tissue  is  usually  uneven  in  its  distribution,  irregulariU - 
on  the  surface  resuR,  often  evidenced  by  a  fine  oracoar^egram.i!.  .'!!.; 
Chrome  inflammation  in  organs  is  usually  atlench'il  to  a  .u*('*dcr 
or  less  extent  by  a  loss  of  the  special  cells  of  the  oru-m  "  . 

^inution  of  the  parenchyma,  and  the  relation  of  the  two  processes 
has  been  variously  interpreted.  A  view  formerly  held  ^s  id, ..  t  he 

aSytutTh-^^"''®®‘^  r^°''  u.iderlv!li: 

site”;  SL?  “‘“‘th”  "'"T.''''' 

growth  is  secondare  a  1  ^  connective  tiissiie 

tespo*  t,  . 
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cells  at;  all.  It  appears  to  us  that  a  toxic  agent  will  have  different 
effects  on  the  two  kinds  of  cells  ;  thus  it  will  lead  to  damage  and 
disappearance  of  the  specialised  cells,  and  to  a  reactive  overgrowth 
of  the  more  resistant  connective  tissue  cells.  This  is  well  illustrated 
in  cirrhosis  of  the  liver  and  in  the  cerebral  lesions  in  general  paralysis 
of  the  insane. 

Other  Causes  of  Fibrosis.  Whilst  fibrosis  is  a  common  feature 
of,  and  is  usually  due  to,  chronic  inflammation,  it  must  be  recognised 
that  it  may  be  produced  in  other  ways.  For  example,  when  the 
blood  supply  to  a  part  is  diminished,  atrophy  of  the  specialised 
cells,  may  occur,  and  this  may  be  accompanied  by  an  overgrowth 
of  the  supporting  tissue.  Thus,  in  the  brain,  patches  of  neuroglial 
overgrowth  from  which  the  nervous  elements  have  disappeared  are 
common  in  arterial  disease,  and  patches  of  fibrosis  are  frequently  met 
with  in  the  heart  wall  and  in  the  kidneys,  as  a  result  of  narrowing 
of  the  arterial  branches.  We  may  thus  speak  of  a  replacement 
fibrosis.  In  certain  instances,  however,  the  connective  tissue  formed 
has  a  supporting  or  defensive  function,  as  is  well  exemplified  in  the 
case  of  the  vascular  system.  The  hypertrophy  of  the  elastic  and 
muscular  tissues  of  the  walls  of  arteries,  which  occurs  in  cases  of 
long- continued  high  blood  pressure,  is  often  followed  by  degenera¬ 
tion  of  these  elements,  and  their  place  is  taken  by  overgrowth  of 
connective  tissue  which  acts  as  a  support.  When  the  media  of  the 
aorta  is  injured  and  weakened  by  syphihtic  lesions,  the  intima  corre¬ 
sponding  to  the  site  undergoes  fibrous  thickening,  and  this  action  is 
of  a  protective  or  compensatory  nature.  Accordingly,  increase  of  con¬ 
nective  tissue,  in  addition  to  being  the  result  of  chronic  inflammation, 
maybe  of  the  nature  of  a  replacement  or  may  have  a  supporting  function. 
The  term  fibrosis  is  best  applied  to  these  non-inflammatory  varieties. 

INFECTIVE  GRANULOMATA 

Tuberculosis 

l^his  is  one  of  the  great  killing  diseases  of  temperate  climates, 
a, (‘-counting  for  nearly  10  per  cent,  of  all  deaths.  It  is  due  to  the 
iidec-tion  of  the  tissues  by  small  rod-shaped  micro-organisms,  commonly 
known  as  tubercle  bacilli.  The  causal  organism — Mycobacterium 
lidmrculosis — ^^is  difficult  to  stain,  but  when  stained  resists  decolorisation 
by  strong  acids — thus  it  is  termed  add-fast.  Similar  organisms  are 
found  causing  disease  in  cattle — Whence  we  distinguish  bovine  dind  human 
strains,  and  there  are  also  others  less  important  in  human  pathology. 

Tubercle  bacilli  are  responsible  for  lesions  of  very  diverse  appear¬ 
ances  which  will  be  considered  later,  but.  the  range  of  their  activities 
includes  swelling  of  lymph  nodes,  cavitation  in  the  lungs,  ulceration 
of  the  bowel,  meningitis,  destruction  of  bones  and  joints,  and  many 
more.  Tuberculosis  is  especially  serious  and  frequent  at  two  periods 
of  lile,  viz.  in  infanc}^  and  early  childhood,  and  in  the  middle  period 
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of  adult  age.  The  mortality  luis  fallen  greatly  witJiin  I  h(‘  Iasi,  hundred 
years  in  most  age  groups,  and  tlie  reason  for  tin's  iinprovaunent  probaLly 
lies  in  better  general  hygiene  and  nutrition  ra-tlier  than  in  a,ny  sptM'ihi; 
health  measures.  Tubercle  bacilli  are  iibiquitons  in  tli(‘  (uivironnuuit 
of  to\m  dwellers  ;  they  are  excreted  in  the  sputum  a,nd  otiuu'  se(‘i‘(‘tions 
of  sufferers  from  the  disease,  and  also  in  the  rnillv  of  tnlxuaadons  eovvs. 
The  organisms  are  resistant  to  drying  and  so  e,an  ]iv(‘  for  long  fxvriods 
in  dust,  etc.  ;  thus  the  iinmediate  (>ivvir()nrnent  of  piu’sons  haJ)it,naJly 
excreting  bacilli  in  the  sputum  eonuNs  to  luirbour  tlu'  organisms  in 
sufficient  number  to  constitute  a.  (hingxu*  i.o  otluu’s,  w'ho  ma,y  IxuajuKi 
infected,  either  by  air-borne  bacilli  in  dust,  or  by  (a)nta,minaliion  iVom 
their  surroundings,  e.g.  childrcm  ol't.cm  become  inIccdiCMl  by  j)ulvting  into 
the  mouth  fingers  contamiiuittal  l)y  fiooi’-dust,  et(u 

With  regard  to  the  parts  playcal  by  tlie  hiimam  aaul  l)ovin(‘  typess 
of  tubercle  bacilli  respectively,  it  is  true  to  sa,y  gmuu’ally  iha.t,  tln^ 
human  type  causes  most  of  the  piilmoiuiry  infections  by  inha,la,ti()n, 
blit  also  a  considerable  proportion  of  infections  by  swallowing  ;  on 
the  other  hand  the  bovine  type  is  almost  always  swallowaMl  in  milk, 
etc.,  and  its  initial  lesions  are  practiccilly  alvva,ys  in  tlu^  alim(‘nt,a,!‘v 
tract  and  the  related  lymph  nodes,  though  it  may  iatr^i*  disscmiirated, 
especially  to  bones  and  joints,  and  even  to  tlu^  lungs.  In  (uirl\'  lile 
the  bovine  infection  is  liighly  pathogciiic*  and  givvs  ris(‘  to  nuu'li 
disabling  illness ;  it  is,  however,  less  frequently  bital  than  that  dm^ 
to  the  human  type. 

A  characteristic  feature  of  primary  tiibcvrcvidous  iiifcHdtm  is  i,h(‘ 


tendency  of  the  bacilli  to  cause  only  small  lesions  wluux^  they  cntvr 
but  to  spread  along  the  lymphatics  draining  th(‘  poitul  of  (uitiy,  tlu^ 
regional  lymph  nodes  then  being  conspicuously  enhug-rxl.  In' sonu^ 
cases  a  local  ulcer  of  the  mucous  surface  or-  focus  of  inhut.ion  nuiy  ho 
established  where  the  bacilli  gain  entrancH^  in.  tlu^  l•(^spiI•at,()ry  t,ra,(d,, 
but  in  other  cases,  especially  when  the  organisms  ontor  by  (Ju^  aJirmui- 
tary  tract,  there  may  be  no  discernible  lesion  at  tlu'.  si(,(^  of  (Mitry.  It 
is  probable  that  frequently  the  organisms  arc  act-uuilly  (ira.nspoitc'd 
through  the  mucosa  by  leucocytes  which  have  ing(.‘st(ui,  iluMu  on  (,h(^ 
surface.  The  phagocytes  then  enter  the  lymphati(^s  a.nd  a.r(‘  ca,iTi(al 
to  the  regional  nodes  where  an  infection  is  set  up.  Tho  snl)s<‘(|utuit 
fate  of  the  bacilli  and  the  course  of  the  disease  depend  on  th(‘  in  ter*pla,v 
of  the  two  factors,  the  resistance  of  the  host,  and  tlu‘  numIxT  aaul 
virulence  of  the  organisms.  In  tuberculosis  the  fbrnua*  is  oF  paauanoim  t. 
importance  and  it  is  greatly  influenced  by  enviromnemtaJ  Greum- 
stances,  good  nutrition,  good  hygiene  and  adequate  rest  Ix^ing  (^spe.cially 
significant.  ^ 

A  special  feature  of  tuberculous  infcctioa  is  tlui  altcrv^l  r(ia,ct,ivil,v 
acquired  by  thBtMsues  after  infection  has  taken  place.  histi)l()i>;i(,al 

cbaracter_of  the  lesions  is  different  in  later  spread  or  reinfection  From 
TW  ^lien  the  organisms  first  gain  entrance  to  the  tissues. 

The  alteration  is  characterised  by  partial  immunity  but  also  by 
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siipersensitiveness  to  the  tubercle  bacilli  and  their  products,  so  that 
a  more  violent  inflammatory  reaction  occurs  ;  the  organisms,  however, 
do  not  spread  so  rapidly  from  this  secondary  locus  of  infection  as 
from  the  primary.  This  sequence  of  events  was  first  observed  by  Koch 
in  the  guinea-pig  and  is  now  referred  to  as  the  Koch  phenomeno7i. 

Hence  air-borne  infection  leads  to  rather  different  effects  according 
to  whether  the  individual  is  infected  for  the  first  time  or  has  been 
previously  infected  and  may  thus  be  supposed  to  be  partially  immune, 
in  spite  of  supersensitiveness.  The  dose  of  infecting  organisms  is  also 
very  important,  a  massive  dose  leading  to  progressive  lesions  whereas 
a  small  dose  produces  only  a  latent  or  a  regressive  infection.  For 
example,  in  infants  living  in  close  association  with  an  adult  suffering 
from  open  phthisis,  i.e.  one  who  excretes  tubercle  bacilli  in  the  sputum, 
the  primary  focus  of  infection  in  the  lungs  occurs  in  the  form  of  a 
small  patch  of  tuberculous  broncho -pneumonia  associated  with  rapid 
and  extensive  spread  to  the  tracheo -bronchial  lymph  nodes  (for  details 
see  page  436).  These  foci  may  heal,  but  the  younger  the  child  at 
the  onset  of  infection,  especially  if  under  two  years,  the  worse  the 
prognosis.  Similar  lesions  may  be  seen  in  adults  in  communities  where 
infection  in  infancy  does  not  occur,  i.e.  persons  whose  first  infection  is 
acquired  in  adult  life  by  inhalation  of  tubercle  bacilli  usually  develop 
a  primary  lung  focus  -with  involvement  of  the  regional  lymph  nodes. 
On  the  other  hand,  such  lesions  are  rarely  encountered  in  adults  hi 
Great  Britain,  apparently  because  nearly  all  have  been  infected  in 
childhood.  The  typical  pulmonary  lesion  in  adults  is  therefore  a 
reinfection  in  a  partially  immune  individual  and  its  characters  are 
dealt  with  later.  With  this  general  introduction  we  may  now  con¬ 
veniently  consider  the  reactions  of  the  tissues  to  infection  with 
tubercle  bacilli. 

Stuuctubal  Changes.  When  a  few  tubercle  bacilli  gain  a  foot¬ 
hold  in  a  tissue,  a  focus  of  reaction  occurs,  resulting  in  the  formation 
of  what  is  known  as  a  tubercle  follicle.  At  a  very  early  stage  the  centre- 
of  the  focus  consists  of  a  collection  of  swollen  cells,  often  called 
^  e])ithelioid  ’  or  '  endothelioid,’  whilst  around  them  there  is  a  zone 
of  round  cells,  chiefly  lymphocytes  (Fig.  52).  The  endothelioid  cells 
are  usually  oval,  spindle-shaped,  or  irregular  in  form,  have  fairly 
abundant  protoplasm  and  a  faintly  staining  nucleus.  ^  Very  soon, 
however,  there  is  evidence  of  the  action  of  the  bacilli  in  producing 
damage  to  the  cells.  The  central  cells  become  swollen  and  lose  their 
outline,  their  nuclei  cease  to  stain,  and  ultimately  they  become  fused 
into  a  homogeneous  or  slightly  granular,  structureless  material.  This 
is  an  example  of  Weigert’s  coagulative  necrosis  (p.  124),  and  sometimes 
a  certain  amount  of  fibrinous  exudate  is  added  to  the  necrotic  material ; 
tlie  ultimate  result  is  a  necrotic  centre  surrounded  by  endothelioid 
cells  and  these  again  by  small  round  cells.  Another  common  con¬ 
stituent  of  the  tubercle  follicle  is  the  giant-cell,  which  occurs  amongst 
the  endothelioid  cells.  It  is  a  large  cell  with  somewhat  irregular 
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outline,  and  contains  ninnerous  ovail  oi*  romuFul  nueho  r(\s(‘ml)liiijT 
those  of  the  endothelioid  cells  (Fig.  52).  11)c  maho*  jtri'  often  a.rra,ng(M! 


Fig.  52. — Tubercle  folliclo  a,t  early  stage. 

(«)  Giant-cell  in  process  of  formation,  apparently  by  fusion  ;  (b)  cndodielloid  cm^Uh  ’  (r)  lvinnho(*vf«^ 
(l.*rof.  J.  W.  S,  Blacklock.)  x  250.  ’  UH.piKn.yMa 


at  the  periphery,  while  the  centre  part  of  tlie  (ad I  rna.y  sliow  signs  of 
degeneration,  heing  granular  or  hyaline  in  a,pp(auai,nce.  Oi*,  a, gain, 


Fig.  53. — Tubercle  no<iule  more  fully 
formed  with  three  giant-cells, 

^  Note  abundant  infiltration  of  lymphocjiies  around. 


th(^  nii(*l(M  may  lx-  ari'angfal 
in  oiK^  or  moix^  (^!llmJ)S. 
typicail  (oIli(d(‘  is  sonudinuxs 
(l(\s(a*ih(Ml  a,H  e.()nta.ining 
(xmtraJ  giaiiil.-caB  siirroundial 
l),y  a  zon(‘  of  (aidolhfB’oid  (•(fils, 
a/iul  th()S(''  aga-in  a.  zom^  of 
round  (‘.(Bs.  Such  a.  siirnetiua^ 
is  often  nu^t  wiiJi,  but  the 
a/ppearadu*.(^  is  sound iiues  duc! 
to  tliC!  fa,e.t  thad  IJiC'  s(‘(dd()n 
has  not  passed  iJirongh  the 
eeutrx’i  oJ  the  lollich^  so  tlnit 
tlie  (‘CMitr'al  n(Ma'<)S(al  ))a/rt  is 
not  seen. 

The  (l(\s(5ri])t,i()n  \vhi(^h  wo. 
have  given  appliew  to  tlu-eoin- 
inonest  type,  of  tubei'cle  fortna- 
tion,  but  considerable  vai'iations 


may  be  met  with.  In  the  spleen  and  in  the  kidney  for  evininh'  Hi 

ekrf  effect  is  .to  .  „pid  .ecr»i,  a.d  *iu  31,  .! 
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liferation  occurs  later  at  tlie  periphery.  These  are,  of  course,  secondary 
or  metastatic  lesions  in  individuals  already  sensitised.  Tubercle  nodules 
are  non-vascular  in  their  substance,  though  considerable  vascularity 
may  be  present  at  their  margin,  especially  in  those  of  chronic  nature  ; 
and  formerly  it  was  believed  by  some  that  the  central  necrosis  was 
due  to  a  want  of  blood  supply.  We  know  now,  however,  that  it  is 
the  result  of  the  direct  action  of  the  tubercle  toxins  on  the  cells,  and 
that  the  toxic  action  produces  also  the  non- vascularity,  as  it  leads  to 
necrosis  of  the  capillary  walls  and  thrombosis.  The  occurrence  of 
caseation  in  varying  degree  in  the  centre  of  the  follicle  is  the  rule  ; 
but  in  certain  chronic  conditions,  for  example  in  lupus,  it  may  be 
slight  or  absent. 

There  has  been  considerable  dispute  as  to  the  origin  of  the  endo- 
thelioid  cells,  but  we  consider  that  they  are  mainly  derived  from  the 
fixed  cells  of  the  part — the  tissue  histiocytes  and  also,  though  less 
frequently,  fibrocytes.  When  a  tubercle  starts  in  a  small  vessel,  as 
is  often  the  case,  the  endothelial  cells  enlarge,  actively  divide  and 
constitute  most  of  the  cells  present — this  at  least  is  seen  in  the  case 
of  the  Kupffer  cells  of  the  hepatic  capillaries.  Some  writers  favour 
the  view  that  the  endothelioid  cells  are  derived  chiefly  from  non- 
granular  leucocytes,  but  we  do  not  think  that  this  is  the  ordinary 
mode  of  formation,  though  such  leucocytes  may  be  incorporated  in 
the  follicle.  The  giant- cells  are  formed  from  endothelioid  cells  ;  some 
consider  by  amitotic  division  of  the  nuclei,  while  the  cell  protoplasm 
does  not  divide,  but  simply  increases  in  amount.  Others  again  hold 
that  they  are  formed  by  a  fusion  of  endothelioid  cells,  and  this  is 
supported  by  observations  on  the  formation  of  giant -cells  in  tissue 
cultures.  We  think  that  the  former  view  is  usually  the  correct  one, 
though  fusion  of  cells  also  occurs  (Fig.  52).  They  may  be  regarded 
as  a  variety  of  fbreign-bod}^  giant- cells  (p.  79). 

While  the  initial  reaction  conforms  generally  to  the  description 
given  above,  the  ultimate  results  vary  greatly,  and  thus  tuberculous 
lesions  come  to  present  very  different  characters.  We  shall  give  some 
examples  of  these. 

(a)  Acute  Miliary  Tuberculosis,  Sometimes  there  occurs  an 
eruption  of  small  tubercle  nodules  throughout  the  organs — an  acute 
miliary  tuberculosis ;  each  of  these  commonly  presents  several 
partially  fused  tubercle  follicles.  These  nodules  may  be  nearly  all  of 
the  same  character  and  therefore  of  the  same  age,  and  thus  are  due 
to  an  extensive  dissemination  of  bacilli  about  the  same  time.  This 
may  occur  in  various  ways,  but  is  met  with,  chiefly  in  children  who 
have  previously  acquired  a  primary  lung  lesion  (p.  89)  and  caseous 
tuberculosis  of  tracheobronchial  lymph  nodes.  From  these,  tubercle 
bacilli  may  gain  entry  to  the  venous  blood,  either  by  drainage  along 
the  lymphatics,  or  by  active  ulceration  of  a  caseous  gland  into  a  vein. 
A  tuberculous  focus  in  the  lung  may  implicate  or  actually  form  in 
the  wall  of  a  vessel,  usually  a  pulmonary  vein,  and  then  ulcerate  into 
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it,  leading  to  a  disclmrge  of  haeilii  into  the  circula.tion.  In  some  ea.ses 
tubercle  spreads  from  the  alKloiniiml  lympImOc  gla.mis  t,o  the  tlioraeic 
duct;  tubercles  form  in  its  waJI,  aaid  IJien  nndm'go  soflening  a,nd 
ulceration.  From  such  lesions  liaeilli  nmy  be  (sirrimi  u|)  the  duet  a.nd 

tliiis  reach  the  veiiLs. 

There  is  no  justification  for  the  sui»po.sition  that  aeute  miliarv 
tuberculosis  represents  either  a  special  virnliuua^  of  the  luieilli  or  a 
specially  low  resistance  on  the  part  of  the  patient ;  it  is  nim-idy  the 
result  of  what  may  be  regarded  as  an  acrhlental  entranw^  of  hacilli’to 

the  circulation  in  large  numbers. 

(6)  Gaseous  Lesions.  When  the  individuaJ  1ms  become  l.ynm- 
sensitive  to  the  products  of  the  tiihei’cle  l.aeilli  the  ncerotising  avtion 
of  the  bacilli  is  most  in  evidence,  ami  thus  la,rg('  a,rca,s  of  cas<>a,tiou 

r(\sMlt.  1'h(‘s(^  itrisc  by 
iiisioM  of  la,rg(‘  mrmIxM's  of 
individual  tui)(‘rcl(\s  with  cn, sed¬ 
ation  in  tiud  (!(‘iitr(d  a.nd  tlu^ 
pcripliory  is  tims  coinposi'd  at 
iirst  of  th(^  rxnna.ins  of  (,h(d 
out(drrn()st  ring  of  i,nl)(dr(d(ds 
(Fig.  54)  ;  jiroand  th{\s(^  (‘on- 
ucebive  tissu(d  nia.y  form,  <^11- 
capsnlating  th(d  lo.sion.  f.a.rg(d 
casciOiis  mausscs  a.rc  sjxaaailfv' 
conimoi)  in  lyni|)hatic  ghuals, 
and  oi:t(vn  (xxair  in  tlu'  kidneys, 
e  pididy  m  is,  su  | )  raircaials,  (vixa 
Ihe  caseous  matcu'ial  ma.y  ha.v(^ 
a  tirm,  (X)nsist(dn(Xd,  a,s  in  11 
tiibcrrcnikjus  imisst^s  in  tlu^ 
brain,  though  (i’(*(|U(dn(ly  it  is 

the  case  of  ohronic  tubercle  of  bones,  noUhIv  the  vcit,ehw''\'h*! 
material  has  a  tendency  to  become  softemal ;  it  at, tracts  eh('’mo(ac(  icall  v 
polymorpho-nuclear  leucoeyte.s,  and  boconu-s  a,  caseous  mis  'i'l'  is 

dd'illHu 

me  sneatn  ot  the  psoas,  so  that  it  eventuallv  cnnwvo  o.  lk  r 

.  e  tae,  „pect„f  tta  ,.S.  ' 

0l  the  signs  of  acute  inflammation  softened  i  ‘  . ''''’y*  *' 

tuberculous  lesions  are  known  as  cold  a/^^-esses.  . . 

(c)  I uberculous  Granulation  Tissue.  TuIku'cIc  iiiav  i  ii 
formation  of  abundant  granulation  tissue  ii-  ' 
feature  of  tuberculosis  of  t  ,  ''  "obnvortliy 

becomes  covered  with  a  laver  of^  syaovial  incmhrano 

granulation  tissue.  Here  again  the^^?  somewhat  gelatinous 

the  newly  formed  tissue,  brt  gialt  celfsvstr 

it  on  microscopie  examination.  systems  are  to  be  found  in 


...  ... 


Fi(3.  54. — Tuberculous  lesion  witli 
caseation. 

On  the  left  side,  there  is  cellular  tissue  with 
tubercle  follicles  and  giant-cells  ;  on  the  right  casea¬ 
tion  and  loss  of  nuclear  structure,  x  80  ’ 
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{d)  Fibroiic  Lesions.  The  growth  of  tubercles  may  be  very  slow 
and  localised,  and  much  fibrous  tissue  may  form  around  them, 
fibroid  tubercles  thus  resulting.  In  the  lungs,  in  connection  with 
these,  there  is  often  a  considerable  spread  of  fibrous  tissue  into 
the  parts  beyond,  apparently  due  to  the  diffusion  of  toxic  products 
along  the  lymphatics.  The  lesion  thus  comes  to  be  one  of  chronic 
interstitial  pneumonia,  and  its  real  nature  may  not  be  apparent  on 
naked- eye  e xamination . 

(e)  More  Acute  hiflammutonj  Changes.  Tubercle  bacilli,  when 
abundant,  may  give  rise  in  supersensitive  persons  to  fibrinous  exuda¬ 
tion.  This  is  well  illustrated  in  the  case  of  tuberculous  meningitis, 
where  there  is  a  growth  of  tubercles  along  the  lines  of  the  arterial 
branches,  which  is  followed  by  exudation  into  the  subarachnoid  mesh- 
work  around.  In  such  cases,  polymorpho-nuclear  leucocytes,  many 
of  them  degenerated,  may  be  found  along  with  lymphocytes,  etc.,  both 
ill  the  meninges  and  in  the  cerebro -spinal  fluid  obtained  by  lumbar 
puncture.  Tuberculosis  of  serous  cavities  also  is  often  attended  by 
fibrinous  and  serous  exudates,  and  in  the  case  of  the  pericardium  the 
exudate  may  be  haemorrhagic  in  type  (p.  380).  When  the  exudate 
is  serous,  e.g.  in  the  pleura,  the  cells  are  chiefly  lymphocytes. 

(/)  Tuberculous  Ulcers.  When  tubercle  folKcles  form  in  a  mucous 
membrane,  as  often  occurs  by  direct  infection  from  the  surface,  ulcera¬ 
tion  is  apt  to  follow.  Such  ulcers,  small  at  first,  tend  to  spread  and 
are  apt  to  be  intractable.  They  are  common  in  the  intestine,  larynx, 
bronchi,  bladder,  etc. 

The  diversity  of  tuberculous  lesions  may  be  partly  explained  by 
varying  degrees  of  resistance  or  relative  immunity  of  the  tissues,  and 
it  may  be  said  in  a  general  way  that  the  formation  of  tubercles  and 
connective  tissue  proliferation  indicate  a  relative  immunity,  whilst 
diffuse  caseation  and  exudative  processes  indicate  supersensitiveness 
and  often  poor  resistance.  It  is  important  to  remember  that  in  urban 
communities  the  majority  of  persons  become  infected  sooner  or  later, 
but  that  most  individuals  overcome  the  infection  quickly,  as  shown 
by  the  scarred  lesions  so  often  found  post  mortem  in  the  lymph  nodes, 
pulmonary  apices,  etc.  It  can  hardly  be  too  strongly  emphasised 
that  the  course  of  any  particular  infection  is  determined  by  the  resist¬ 
ance  of  the  host  on  the  one  hand  and  the  number  and  virulence  of 
the  infecting  bacilli  on  the  other.  These  are  the  decisive  factors  on 
the  interplay  of  which  depend  the  manifold  lesions  of  tuberculosis 
in  man. 


Syphilis 

Syphilis  is  the  most  important  of  the  venereal  diseases,  i.e.  it  is 
usually  contracted  by  coitus  and  the  primary  lesion  is  then  on  the 
genitals.  Extra-genital  infections  are  not  infrequent  on  the  lip  or 
tongue,  and  may  occur  on  the  fingers  from  handling  infective  lesions. 
The  causal  agent  of  syphilis  is  a  small  motile  spiral  micro-organism 
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known  as  Treponema  pillMwm,  fbi'inciiy  (laJhal  SjnrocfavUi  pallida 
Infection  is  iisiially  by  diixK^  contact,  tlic  prc^scaicc'  of  a,  niiniil,(‘  al)ra,si()n 
or  crack  in  the  skin  apparently  facalitaiting*  tlu^  entry  of  tli(‘  organisms 
which  have  a  marked  predilection  for  sc|uamous  ej)itiielium.  Sv{)hilis 
has  the  character  of  a  protrarcted  spc'cific*  levco’  or*  exaiUtuoa  villi 


distinct  incnbation  period,  pi’imary  lesion  and  lel)ril(^  stn^gc'  with  skin 
eruptions.  It  is  convenient  to  giv(^  a,  g(‘n(n*aJ  survey  of  the  (H>urs(^ 
of  the  disease  at  this  point,  and  tlu^  sfxaiaJ  {badinHvs  of  tlu^  individual 
lesions  will  be  considered  in  the  appi-oprialn  s(‘(i.ions  la,t(M\  After  a,n 
incubation  period  of  3^4  weeks  the  prlnain/  ,'^orr.  or  hard  c/umere  a|)pears 
usually  on  the  external  genH-als,  a  snudi  slowly  growing  papule  of 
hard,  almost  cartilaginous,  consistence  and  paJ(‘  (‘Ofpxuy-red  (‘oloui*. 
The  centre  ulcerates,  and  the  ulcer  persists  for  sorru^  wcadcs,  l)u  t  (nauitu- 
ally  resolves  and  heals.  During  this  period  the  inguina.I  lymph  nodc^s 
become  somewhat  enlarged  and  hard  ;  there  is  tlius  a.  {h}U'a,(vli(U'isti(‘a.!ly 
bilateral  inguinal  bubo.  At  this  stage  the  orgainisnis  aan^  aJ)un(hrnt 
in  the  serous  exudate  from  the  priinary  sore,  and  tln^  diagniosis  ea,n  ho 
made  most  readily  by  examination  of  the  exudaJv  by  (lark-ground 
illumination;  if  this  fails  they  may  be  (Icmonstra.hh*  in  fluid  with- 
drawn  by  puncture  of  the  bubo.  Ft  is  significant  that  tlie  locad  jirimary 
lesion  appears  only  after  a  consid(u*a,bl(^  iiicubation  pm-iod  ;  (luring 
this  time  dissemination  of  tlie  organisms  by  the  blood  usually  taJv(\s 
place,  and  there  are  instances  on  record  w'heiv  syjilulis  lia.s  Ixum 
accidentally  transmitted  by  transfusion  of  lilood  at  a,  tinu^  Ixdbrv  th(‘ 
primary  lesion  had  appeared,  in  the  donor. 


In  the  mcondary  stage,  which  appears  at  a  varialih^  int(U’val  usually 
fi^om  IJjn^ths  after  infection,  th(‘  organisms  arc^  aJivad)'  disfrihidvd 
throughout  the  body  and  give  rise  to  multiph'  sym nu ‘trieuJ  l(‘sions 
of  the  skin  and  squamous  mucous  membraiu's  a,s  well  a,s  in  the  lymph 
nodes.  In  the  former,  eruptions  of  various  kinds  oeiair,  ad  first,  mar  alar 
&.nd  papular  but  later  altering  in  chain, clvr,  tlu^  pa, 1ms  of  f,h(‘  hands 
aiid  soles  of  the  feet  being  important  sites.  Alhxdion  of  the  ha,ir 
follicles  leads  to  falling  of  the  hm-~~--alopecia.  On  tin.  moist  c.utu,n(x>us 
and  muco-cutaneous  surfaces  of  the  vulva,  anus  and  pcnhumm,  fla,t 
raised  papules  deYelop— condyloma  ladumi-^iind.  tlu^sc^  a,iv  inf,(M\s(dy 
miective.  The  buccal  and  pharyngeal  mucosa  shows  catarrhal  palrhes 
white  and  shining  owing  to  thickening  of  the  kera,tinis(xi  hivrnr  a, ml 
these  break  down  giving  the  ^  snaiUrack  ulcers:  (huuunl  sli<dit 
enlargement  of  lymph  nodes  is  also  common  and  is  most  (n,sily  d(d,(,xd(xl 
in  the  superficial  groups,  the  epitrochlear  nodes  and  i,hos(‘'a,l()ng  i,h(^ 
posterior  border  of  the  sterno-mastoid  being  oftem  c.onspicaious  Tlu^ 
.lesions  are  nsualty  accompanied  by  systemic  disturhk.u.s  sucl,  as 
fever  anaemia  and  general  malaise.  The  most  constant,  feature  (,f  i,lu- 

^  ^  ®  Wassermann  tt'st  (and  a 

rfiaa  floccnlation  reaction).  After  some  months  all  thes,,  h‘.si()jt.H 
ppear  spontaneously  and  the  patient  may  remain  free  from  symp- 
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toms  for  some  years  al though  the  Wasseriiiann  reaction  of  the  blood 
is  likely  to  remain  [lositive. 

Ill  the  iertiary  stage  the  effects  of  tlie  organisms  are  exercised  in 
an  irregular  manner,  especially  in  the  internal  organs,  as  well  as  the 
skin  and  mucous  membranes,  so  that  the  lesions  are  asymmetrical  and 
less  numerous  but  are  also  larger  and  lead  to  serious  damage  of  a 
permanent  nature.  Tertiary  lesions  may  appear  within  the  first  year. 
but  more  commonly  later  and  sometimes  only  after  many  years. 
They  are  characterised  by  chronic  interstitial  inflammation  with  the 
formation  of  masses  of  granulation  tissue  which  may  undergo  central 
necrosis.  This  is  known  as  gummatous  change  and  such  lesions  are 
called  giimmata  ;  they  may  occur  in  any  site  but  chiefly  in  the  liver, 
testes  and  bones,  where  they  are  often  associated  with  much  diffuse 
syphilitic  granulation  tissue.  The  central  necrotic  portion  is  of  dull 
yellowish  colour  and  of  firm  rubbery  consistence  ;  this  is  surrounded 
by  a  more  translucent  capsule  of  young  connective  tissue  which  has 
often  a  very  irregular  outline  (Fig.  400).  Thus  extensive  destructive 
changes  are  brought  about,  e.g.  in  the  nasal  bones  with  loss  of  the 
bridge  of  the  nose  and  perforation  of  the  palate,  ulceration  and 
destruction  of  the  larynx,  serpiginous  ulcers  in  the  skin,  etc. — ^indeed 
no  organ  or  tissue  is  exempt  from  tertiary  syphilis.  Of  especial 
importance  are  the  cardio-vascular  lesions,  which  take  a  serious  toll 
of  life.  All  tertiary  lesions  tend  to  undergo  cicatrization  and  healing, 
and  much  distortion  of  the  organs  and  interference  with  function 
may  result.  Lastly,  in  a  small  proportion  of  cases  there  occur  twa3 
important  nervous  diseases,  viz,  locomotor  ataxia  and  general  paralysis, 
Since  tluLse  develop  usually  only  many  years  after  infection  they  are 
sometimes  called  quarternary  lesions  ;  however,  it  is  no  longer  in  doubt 
that  they  are  due  to  the  actual  presence  of  the  causal  organisms  in 
the  central  nervous  system. 

Historical  Note.  It  is  generally  believed  that  syphilis  w^as  introduced  into 
i^lurope  on  the  return  of  the  discoverers  of  America  and  by  the  end  of  1494  it  had 
si)road  throughout  Spain  and  along  the  Mediterranean  coast  into  Italy.  Within 
a,  ccaitury  it  had  become  widespread  throughout  Europe,  having  been  carried 
tu'crywluu’e  by  the  mercenary  troops  returning  to  their  own  coimtries  after  the 
Si<‘g<^  of  Naples  (1495).  At  this  time  syphilis  wars  clearly  recognised  as  a  new 
(liscjisc  iuul  its  manifestations  became  so  well  known  that  Shakespeare  was  able 
to  givci  a.  remarkably  accurate  accoimt  of  them  in  Timon  of  Athens  (Act  IV, 
Sci'uo  ;J).  If  the  above  view  of  the  origin  of  syphilis  be  correct,  this  is,  of  course, 
an  anachronism!  Confirmation  of  the  previous  absence  of  syphilis  from  the 
Old  World  is  afforded  by  the  complete  lack  of  evidence  of  the  disease  in  skeletal 
remains  dating  back  before  1494,  whereas  in  Central  America,  from  which  the 
disease  is  thouglit  to  liave  been  acquired,  bones  foimd  in  ancient  tombs  bear 
clear  indications  of  the  disease. 

Steuctueal  Changes.  The  primary  sore  appears  as  a  papular 
thickening  of  dull  reddish  tint,  and  as  it  increases  in  size,  induration 
becomes  more  and  more  marked  till  it  may  assume  a  cartilage¬ 
like  hardness.  The  epithelium  over  it  may  be  partly  lost,  and 
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there  may  be  a  varying  {imoiint  of  (^xudatK^  wliieli,  in  Mh^  ea.s(‘  of 
a  skin  lesion,  is  iisiialiy  seanty  a-nd  forms  a,  ernsl,.  NonK'timi's 
however,  especially  wlien  the  IcNsion  is  on  a,  inueous  siirfa,(H‘  a.nd  (Jk^ 
part  is  not  kept  clean,  tluaa^  may  be  a,  eonsiihaable-  aanomd.  of  siqxa*- 
ficial  necrosis  and  uka^rataon,  aaid  in  sue!)  (*a,s(‘s  a,  grc'at  vaa'icd  y  of 
organisms  are  present  atong  with  the  s| )ii*ocha‘t(\s.  On  m iero- 
scopic  examination  tluax^  is  staai  in  a,  section  tlii'ongh  a,  billy  idrmed 
chancre,  a  cajlular  gratnilaticin  tissue^  (‘xbanling  (h)S(‘  uj)  to  iJn^  ba,S(^ 
of  the  epithelium  wliich  shows  swahing  with  irn^giilarity,  Ixnng  at 
some  places  thickeiual,  at  others  ratlier  stia^I.eluMl,  In  tln^  e(‘ntra.l 
parts  the  cells  are  ditfiisely  arranged,  but  a,t  tln^  margin  llu^y  idrm 


Fig. 


i  a  ( i  I  r r-a ( . i <  >  1 1  of  r  / 1 (, Is  v<\ra 
y  lorm<‘(!,  lilood,  vobhoJs. 


OD.— Section  of  primary  cluincro,  showing  (ixl.cmsivi 
with  lymiDliocytes  and  plasma  cecils  and  sonu^  lunv 
X  GO. 


strands,  especially  along  tlio  vessels.  Tlie  ti.s.sue  i.s  v(Ty  v.-is.ciliir 
and  the  small  vessels  are  often  snrroiindcHl  by  a  sheath  (il'  pale  a, ml 
ratlier  swollen  cells  (Fig.  55).  Proliferation  ,;f  the  intin, a, I  <,ell.s  a,n,l 
blocking  of  the  lumen  may  he  seen  in  the  minute  ve.s.sels,  while  lar-er 
twigs  show  endarteritis  and  periarteritis  (Fig.  56).  T\n,  intiu-stiei's^)!’ 
the  tissues  are  packed  with  round  cells-dymphoeytes,  phisma  cuKs 
and  mononuclear  leucocytes-the  large  proportion  of  plasma  ee.lls 

lencorvf*'^^  ^  striking  feature.  Almost  no  polyni,)rf,ho-nuel,‘ar 
encocytes  are  present  except  in  the  superficial  parts  when  tl,<,re  is 
^ceration.  Proliferayn  of  the  connective  tissue  colls  and  thickening 
place  and  increase  the  induration  ;  hut  the  har<l 
character  in  the  earher  stages  is  due  chiefly  to  pac.kimr  of  tin'  con 

the  cells  gradually  become  absorbcHl,  and  only  a 


INFLAMMATION:  REPAIR  AND  HYPERTROPHY  97 

certain  anioiiiit  of  tliinkeniiig  of  tlie  fibrous  reticuliini  remains.  As 
a  rule  there  is  left  little  or  no  cicatrix  risible  to  the  naked  eye,  but 
there  may  he  a  distinct  scar  if  there  has  been  much  ulceration.  The 
histological  changes  along  the  indurated  lymphatics  are  essentially 
of  the  same  nature.  In  the  primary  chancre  there  is  no  necrosis  or 
caseation,  and  the  lesion  differs  from  tubercle  also  in  the  absence 
of  any  focal  arrangement,  and  giant- cells  are  seldom  present 
(Fig.  57).  ^ 

The  lesions  in  the  skin  and  mucous  membranes  in  the  secondary 
stage  are  essentially  small  areas  of  reaction  around  the  spirochaetes 
distributed  by  the  blood  stream  as  described.  The  change  is  in  the 
sub -epithelial  connective  tissue,  and  here  again  we  find  vascular 


Fig.  5 Section  of  chancre  at  late 
stage,  showing  obliterative  changes 
in  two  arterioles  and  advancing 
fibrosis  around.  X  about  200. 


Fig.  57. — Section  of  chancre,  showing 
clump  of  giant- cells  surrounded  by 
plasma  cells,  lymphocytes,  etc, 

Xote  that  there  is  no  follicle  formation  such 
as  is  seen  in  tubercle.  X  about  170. 


engorgement  and  round-cell  infiltration,  the  large  number  of  plasma 
cells  being  a  prominent  feature.  Various  nutritional  changes  occur 
in  the  epithelium,  and  on  these  the  characters  of  the  eruption  in  part 
depend,  scaliness  being  a  common  feature.  Cellular  infiltration  occurs 
also  around  and  into  the  hair  follicles ;  the  nutrition  of  the  hairs  is 
then  interfered  with  and  they  may  fall  out.  ^  The  ordinary  course  is 
for  all  these  disseminated  lesions  of  the  skin  and  mucous  membranes 
to  undergo  retrogression  and  to  disappear. 

The  gumma  of  the  tertiary  stage  is  a  cellular  granulation  tissue 
mass,  which  at  first  may  present  a  pale  pinkish  and  somewhat 
translucent  appearance,  but  the  central  parts  soon  undergo  necrosis, 
and  accordingly  it  usually  consists  of  yellowish  and  necrotic 
material,  surrounded  by  fibrous  tissue.  In  course  of  time  gummata 
have  a  great  tendency  to  undergo  absorption  and  shrinking, 
and  thus  cicatricial  areas  are  a  common  result.  In  addition,  chronic 
interstitial  inflammation  or  fibrosis,  often  of  a  spreading  character, 

E 
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is  a  common  lesion,  sonictiimcs  {ussociailecl  wiMi  (lisi.ineli 

soiiiciiiiK^s  apart 
from  Miem  ;  aiui  this 
cli  ro  1 1  i  e,  i  nil  am  i  \  \  a  ( -  i  o  1 1  1 1 1  a,y 
be  attended  a,t  places  l)y 
necrosis  or  gumnmtous 
e.iiange.  Stn  ic  ti.irally  a 
giim.ma  r(\sem  bl(\s  closely 
the  |)riina.ry  sor(y  l)ut 
ditfbi's  in  tlu^  0(an.na’<,vne,(3 
of  lUHM’OH is  iii,  an  eju'ly 
p(vriod  (b'ig.  r)(S).  I'lvis 
nniy  l)e  diH^  in  part  to  the 
obliterativx^  (dia,nges  in  tlie 
l)lood  v('-ss(ds,  a.n(l  possibly 
in  |.)art  to  tlu^  direevi,  aertion 
of  tfio  spiro(‘b<e.t(,^s,  ab 
tliongb,  tliesci  ar(^  only  in 
small  ;iinml)er.  But  siicb 
an  e^xplai)i'iit,i,(:>ii  is  nnsatis- 
bictory  and,  it  S(:.H,vms  morci 
justiliahh^  to  r(‘gaj‘d  tlu^ 
necrosis  as  being  chiefly  due  to  an  iiuMX'ascHl  lissm^  s(uisi(.iv(m(\ss  or 
allergy  developed  in  the  course  of  tludnliu'.tion.  In  iJn^  n<‘eroti(‘ Jir(‘a,s 
the  structural  outlines  may  be  preserved  for  a  consid(U’a.bl('.  tinu‘,  (Jn^, 
cells  not  having  the  same  tendency  to  fuse  into  amorplious  ma,t(‘rial  a,s 
is  seen  in  tubercle.  Giant-cells  may  be  present  in  tlu^  grajudation  tissues 
at  the  periphery,  but  they  are  usually  smalku*  than  in  tub(u*cl(\,  a.nd 
there  is  no  concentric  formation  of  endotludioid  erdls  a, round  tlaun,  a,nd 
so  an  absence  of  follicles.  Neverthek^ss  tlu^  histoIogieaJ  diagnosis 
between  the  two  diseases  may  be  a  mattcu*  of  diniculty,  a,s  (‘X|)hiin(Hl 
above.  The  important  vascular  lesions  of  syphilis  a.r(^  (h^serilxsl  hit(u-, 
but  here  it  may  be  stated  that  those  in  tlu^  largau'  a,rl,('ri(‘s  a,i’(^  duc! 
to  the  lodging  of  the  spirochmtes  in  tlu^  a(lv(uititiaf  sluadJi,  wduunx^ 
they  extend  into  the  media.  They  giv(^  ris(^  to  culluhir  inlillj-af.ions 
in  these  coats,  of  nature  similar  to  tljosc’^  (h'scailKai,  ajul  sonudlrru'S 
even  some  necrosis  may  follow. 

Congenital  Sy^Jdlis.  The  first  conception  ufbu;  inkutlon  is  lilndy 
to  terminate  pematurely  with  a  stillborn  nuiccunficxl  fie, 1, us,  in  tbe- 
tissues  of  which  treponemata  are  abundant.  The  pa,r(mc,liyma.tous 
organs  show  diffuse  proliferation  of  connective  tissue^.  c(dls  with  nhmitcv 
foci  of  more  severe  reaction  with  necrosis— miliary  gumma, ta.,  amd 
there  is  severe  damage  to  the  liver,  lungs,  pancreas,  etc.  ((pv.).  in 
subsequent  pregnancies  the  effects  are  progressively  less  stw(ux\  The 
next  child  may  be  born  alive  with  the  stigmata  of  (a)ng(mita,l 
s^ihilis,  namely:  a  papular  rash  around  month  and  nos(p  and  on, 
the  buttocks,  palms  of  hands,  soles  of  feet;  disease  "of  the  nasal 


Fig.  58. — Fori, ion  of  e,u.iTHoa,. 

(a)  Necrotic  area  witii  grannies  of  cliroinatiii. 
(&)  Zone  of  connective  tissue  growth,  (c)  Intiltra- 
tioQ  with  plasma  cells  and  lymphocytes.  X  200. 
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bones  and  mucosa  leading  to  snuffles  and  interference  with  feeding. 
There  is  also  pericellular  cirrhosis  of  liver  with  jaundice  and  spleno¬ 
megaly,  and  lesions  in  the  bones  are  common.  Later  a  characteristic 
deformity  appears  in  the  incisor  teeth  which  are  peg- shaped  with 
notched  edges  (Hutchinson’s  teeth)  and  there  is  also  pitting  of  the 
first  molars.  Still  later,  interstitial  keratitis  produces  corneal  opacity 
and  blindness.  Pregnancy  has  a  curiously  ameliorating  effect  on 
syphilitic  lesions  in  the  mother,  who  ma}^  appear  healthy  in  spite 
of  producing  syphilitic  offspring. 

Actinomycosis.  This  disease  is  produced  by  organisms  of  the 
streptothrix  class,  which  occur  in  the  form  of  small  rounded  colonies 
with  radiate  arrangement  at  the  periphery — hence  the  term  ^  ray- 
fungus.’  More  than  one  species  of  streptothrix  may  produce  the 
disease,  and  there  are  also  species  which  grow  in  a  more  diffuse  manner 
and  cause  somewhat  similar  lesions.  In  the  bovine  species,  in  which 
actinomycosis  is  common,  the  lesions  are  localised  and  are  of  the 
nature  of  large  granulomatous  masses  which  occur  especially  in  the 
tongue  and  in  connection  with  the  jaw.  In  the  human  subject, 
however,  they  are  of  a  more  suppurative  type,  and  in  about  50  per 
cent,  of  cases  the  lesion  occurs  in  the  region  of  the  mouth  or  jaws,  the 
parasite  gaining  entrance  commonly  from  a  tooth  socket ;  in  a  further 
25  per  cent,  the  infection  is  in  the  appendix  or  csecal  region,  from  which 
spread  by  the  blood  stream  to  the  liver  is  very  common  ;  in  about 
15  per  cent,  the  initial  site  is  in  the  lung  and  m  5  per  cent,  the  lesion 
is  subcutaneous.  The  lesion  is  usually  a  chronic  suppurative  one,  the 
abscesses  having  a  niultilocular  character — the  so-called  honey-comb 
abscess.  A  fibrous  tissue  wall  forms  and  is  lined  by  gi'anulation  tissue 
which  characteristically  contams  many  foamy  cells — ^macrophages 
laden  with  lipoid — ^which  give  the  lining  of  each  pocket  a  yellowish 
colour.  In  the  centre  is  pus  containing  colonies  of  the  ray  fungus, 
which  are  discharged  from  the  abscess  as  granules,  sometimes  of 
sulphur-yellow  colour.  Lesions  in  the  face  and  neck,  originating  about 
the  jaw,  may  produce  much  granulation  tissue  in  which  many  small 
foci  of  suppuration  persist  and  break  down  on  the  surface,  resulting 
in  multiple  sinuses.  The  infection  spreads  directly  through  the  tissues 
but  does  not  usually  involve  the  regional  lymph  nodes  ;  later  it  tends 
to  invade  the  blood  stream,  giving  rise  to  pyaemia  with  secondary 
abscesses  in  the  liver,  lungs  and  other  organs. 

Sarcoidosis  (Schaumami’s  disease).  This  name  is  conveniently  used  to 
cover  a  number  of  clinically  distinct  conditions  of  which  the  underlying  pathology 
appears  to  be  similar.  It  includes  lesions  of  multiple  lymph  nodes,  many  lesions 
formerly  classed  as  non-caseating  proliferative  tuberculosis  being  of  this  nature, 
olironic  miliary  infiltrations  of  the  lungs,  involvement  of  the  skin  of  various 
types  (Sarcoid  of  Boeck  and  Darier-Roussy ;  Besnier’s  lupus  pernio),  irido¬ 
cyclitis  with  parotid  enlargement  (uveo -parotid  fever),  and  multiple  lesions  of 
bones,  esjoecially  in  the  hands  and  feet.  The  disease  is  of  miknown  etiology  but 
many  authorities  suspect  that  tubercle  bacilli  are  implicated  in  its  causation. 
Microscopically  it  is  of  fairly  uniform  character,  consisting  everywhere  of  invasion 
of  the  tissues  by  tubercles  composed  of  endothelioid  cells,  occasional  giant-cells 
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and  only  scanty  poripliera.1  infiltration  of  lymphocytos.  ^iant cells  soine- 

times  contain  curious  star-sluiped  ealeilic'd  iiu-liisions.  'I'he  hlood  inaa'  show 
periodic  monocytosis  and  tluu-e  is  a,  nmrked  risi^  in  dii'  sennn  Klobnlin  and  usually 
in  the  serum  calcium  also.  The  disease  runs  a,  proionsod  eoorse,  a,  si<rious  risk 
being  that  of  blindness  from  iridocyclitis,  lad,  idllina.t('ly  many  eases  die  of  trank 
tuberculosis. 


Leprosy.  In  leprosy,  wliicli  is  produced  l)y  an  aeid-fanst.  hueillus  resoinhling 
in  many  respects  the  tubercle  bacillus,  we  liavo  an  (^xmni)lo  of  a 

granulomatous  type  of  lesion.  The  bacilli  lead  to  fonnatioo  of  eollectious 
of  cellular  granulation  tissue  which  occurs  in  snuill  masses  and  n,s  n,  dilhise  inlil- 
tration;  these  lesions  appear  especially  in  the  shin  (if  the  hunn  whivre  (hoy  leail  to 
irregular  thickening  and  distortion  of  the  fi'shuix's.  d’hey  oemir  also  in  die  skin 
of  other  parts,  in  mucous  membranes  and,  to  a  e.ei*tain  exUrnt,  in  intdvrnal  orgjuis. 
Such  lesions  form  the  characteristic  feai.ure  of  th(‘  (‘ominon  nodular  oi  (.uh(vreula.r 
type  of  leprosy.  In  the  granulation  tissue,  which  may  remain  for  a,  long  timo  in 
comparatively  cellular  condition,  tlu^  grcxit  majority  of  the  cells  are  of  a,  rounded 
form,  and  correspond  in  appearance  aaid  siz<'  with  iiuynomiclear  loueoeytd's. 
Some  of  the  cells  may  bo  c.onsidorahly  largm-,  a,nd  nm,y  e,()ntf^iin  a,  eonvolut.ed 
nucleus  or  multiple  nuclei,  hut  the  giaul-tvlls  such  as  are  eoinmon  in  tulHa-em 
losis  do  not  occur.  Amongst  l.iie  (‘(^lls  aiv  comurt.ivay  tissue  fibi‘ils,  and  the 
tissue  is  comparatively  vaseu la, r.  Tlie  ec'lls  eontdiiu  t  tie  l)a,<*illi  in  ta,rge  uumhers 
and  may  be  packed  with  them.  lA^pnms  h'sions,  as  (mntrastvd  witJi,  t.uher» 
culosis,  are  further  characterised  by  the  ahsorn'o  of  focid  arra,ng(vmont  of 
the  cells,  resulting  in  the  lack  of  follicdes,  a,nd  l)y  ilie  inin  <)C(uirren(‘.o  of 
necrosis  and  caseation.  At  a  later  period,  lihrosis  a,nd  slirinking  of  t'he  granu¬ 
lation  tissue  may  take  place.  In  another  typ(^  of  leprosy,  t,he  a,n:esthel,i(;  form, 
the  chief  change  is  a  chronic  interstitial  neuritis,  whicdi  is  pi-oduetsl  hy  invasion 
of  the  sheaths  of  the  nerves  by  the  bacilli.  In  this  types  howovaa-,  tln^  ha,eilli 
occur  in  much  smaller  numbers.  There  is  less  forma, tlon  of  edhihir  tissue, 
while  thickening  of  the  fibrous  tissue,  with  destrue.tlou  of  tlu^  m'rve^  (ihres,  is  tluj 
main  feature. 


Glanders.  This  disease  occurs  naturally  amongst^  (Mjniiuw,  hut^  occ.a,sionHlly 
it  is  transferred  to  the  human  subject.  In  tlu^  /mnsv,  for  inst,a,ue<\  it.  is  <',ha,ra<v 
terised  by  the  formation  of  inflammatory  thickemings  a.n(l  nodnh^s  in  t.lu' scpt.um 
nasi  and  upper  respiratory  passages,  these  giving  rise  to  irrit-at.ivo  discdia-rge 
and  tending  to  ulcerate.  Nodules  may  be  formed  also  in  t-ln^  ifit,(M'md  organs, 
notably  in  the  lungs.  They  have  a  pale  groyiah  or  ydlowish  eetd.ro,  sonud.inu's 
softened,  and  a  congested  periphery  ;  they  may  rea,<‘.h  tlu^  si/.c^  of  [n^as  or 
even  larger.  The  central  parts  of  the  lesions  may  he  said  to  show  a  prmu^ss 
of  imperfect  suppuration,  and  a  prominent  feature  is  tlu^  larg<’)  a.monnt  of  mndtau* 
detritus  formed  by  karyorrhexis  of  the  polyrnorphoruKthuirH.  At  tlu^  margins 
the  changes  are  mainly  proliferative.  Infection  in  tho  horse  (xumrs  a.lso  through 
the  skin  surface  and  a  corresponding  lymphangitis  and  inflammatory  indargco 
ment  of  the  lymphatic  glands  result,  constituting  tho  so-ealled  farc'.y  ^iiix^s  and 
buds.  In  the  glands  there  may  be  a  considerable  amount  of  auf)}mra,tivo  sofhm- 
ing.  The  disease  is  rare  in  the  hiiman  subject  and oconvti  (diicfly  by  direct  inocu¬ 
lation  of  a  scratch  or  abrasion  by  material  containing  tlu^  baclllns.  l.ocai 
inflammatory  reaction  and  spreading  lymphangitis  ocxuir  hut  i.lui  It^sions  n.rt^ 
more  acute  than  in  the  horse,  and  not  infrequently  secondary  lesions  form  in 
the  skin,  muscles  and  internal  organs, and  lead  to  a  fatal  result.  Tho  duingt^H 
are  of  a  suppurative  rather  than  a  granulomatous  typ(3  and  tlien.^  is  oCton 
admixture  of  blood  in  the  pus.  Sometimes  tho  (liMeaH(3  is  more's  (dironio,  l.ho 
local  lesion  becoming  an  irregular  ulcer  with  thk/konod  margins;  in.  this  easo 
also  metastatic  suppurations  may  occur.  The  reaction  prodhec'id  in  tlu'i  horso 
by  the  glanders  bacillus  has  been  aptly  described  as  interj[nodia,io  in  t.ypo  IxdAveH'in 
tuberculosis  and  suppuration,  and  it  will  be  soon  from  the  a(xn)unt  givem  that 
in  the  human  subject  it  tends  stfll  more  to  the  suppmativo  typo. 
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Other  Granulomata,  In  addition  to  the  diseases  mentioned  there  are  a 
considerable  number  of  infections  characterised  by  granulomatous  lesions  and 
caused  by  parasites  of  different  kinds — bacteria,  higher  fungi  and  even  protozoa. 
The  diagnosis  of  these  infections  as  a  rule  rests  on  the  identification  of  the  parasite 
concerned.  Some  of  these  may  be  briefly  mentioned. 

Rhino sclerdma  is  a  granulomatous  infection  of  the  nose,  pharynx  and  larynx, 
nodular  thickenings  growing  in  these  parts.  The  lesions  are  essentially  granu¬ 
lomatous  and  in  them  there  are  numerous  round  cells,  the  protoplasm  of  which 
contains  a  gelatinous  material  in  droplets  which  may  fill  the  whole  cell  and 
push  the  nucleus  to  the  side.  Within  these  cells  a  bacillus  resembling  Fried- 
lander’s  pneumobacillus  is  present  in  considerable  numbers.  The  disease  is 
not  uncommon  in  some  countries  on  the  Continent  but  is  rarely  met  with  in 
this  country.  produced  by  an  ascomycete  {Aspergillus  Jumigatus)^ 

is  met  with  in  the  lungs  in  the  form  of  a  chronic  infection  leading  to  the 
formation  of  nodules,  which  undergo  necrosis  resulting  in  cavity  formation. 
Blastomycosis  includes  a  number  of  infections  caused  by  different  species  of 
saccharomycetes.  The  lesions  are  most  frequent  in  the  skin,  lungs  and  viscera, 
and  are  characterised  by  the  formation  of  granulomatous  tissue  in  w^hich  endo- 
thelioid  cells  and  giant-cells  are  often  prominent  features.  Particularly  in  the 
brain  and  meninges,  the  inflammatory  exudate  is  often  of  a  notably  gelatinous 
character.  The  presence  of  the  yeast-like  organisms  in  the  lungs  can  be  easily 
detected  as  a  rule.  Sporotrichosis  is  caused  by  a  hyphomycete,  the  Sporotrichon 
schenhii  (or  beurnianni).  It  too  affects  chiefly  the  skin,  in  which  diffuse  granu¬ 
lomatous  tissue  forms,  which,  however,  is  accompanied  by  a  tendency  to  sup¬ 
puration  and  the  formation  of  small  abscesses.  Occasionally  lesions  occur  in 
the  internal  organs.  In  Delhi  sore  or  tropical  ulcer  we  have  an  example  of  ulcer¬ 
ating  or  granulomatous  lesions  produced  by  a  protozoon,  the  Leishmania  tropica. 

Li/niphopathia  venereum,  also  known  as  lymphogranuloma  inguinale.  This  is 
a,  granulomatous  venereal  infection  in  which  the  chief  lesions  are  in  the  lymphatic 
glands  ;  it  is  not  uncommon  in  x4merica,  occurring  chiefly  in  negroes  though 
not  confined  to  them.  The  primary  genital  lesion  is  slight  and  often  escapes 
notice.  Swelling  of  the  inguhial  lymphatic  glands  becomes  distinct  from  fifteen 
days  to  three  weeks  after  exposure  to  infection  and  is  accompanied  by  systemic 
disturbance.  The  swellings  become  firm  and  tender  and  the  skin  over  them 
assiunes  a  reddish-violet  tint.  The  lymph  nodes  show  a  rather  characteristic 
picture  of  multiple  stellate  abscesses  containing  polymorphonuclear  leucocytes 
surrounded  by  a  zone  of  endothelioid  cells  arranged  in  palisade  fashion.  Adhesion 
of  the  glands  to  the  skin  then  occurs,  the  glands  soften  in  the  centre  and  multiple 
fistulous  openings  form.  In  the  female,  owing  to  the  lymph  drainage  of  the  cervix 
being  towards  the  pelvis,  the  lesions  are  mainly  in  the  latter  and  serious  com¬ 
plications  often  follow.  These  include  stricture  of  the  rectum,  formation  of 
fistuliB  and  occasionally  a  condition  of  external  elephantiasis.  The  disease  has 
been  shown  to  be  due  to  a  filter -passing  virus  and  has  been  transmitted  to  apes 
iuid  other  animals.  Frei  showed  that  when  pus  from  a  bubo  diluted  with  saline 
waiS  inoculated  intradermally  in  a  patient  suffering  from  the  disease  a  distinct 
area  of  inflammatory  redness  developed  at  the  site  of  inoculation.  A  similar 
result  may  be  obtained  with  an  egg  culture  of  the  virus,  Imown  as  lygranum. 
l^’his  reaction  is  specific  and  can  be  used  in  diagnosis,  but  it  is  not  always  positive 
in  the  absence  of  skin  ulceration  ;  it  is  known  as  Frei’s  reaction.  The  disease 
is  known  also  as  ‘  climatic  bubo  ’  or  poradenitis.  It  appears  to  have  become 
more  common  in  Great  Britain  recently. 

Oranulo77ia  inguinale.  This  is  another  granulomatous  disease,  quite  distinct 
from  that  just  described ;  it  is  not  uncommon  in  America  and  appears  to  be 
practically  confined  to  negroes.  The  lesions  are  in  the  cutaneous  and  subcutane¬ 
ous  tissues,  and  occur  on  and  in  the  neighbourhood  of  the  external  genitals ; 
chronic  ulceration  often  follows.  The  characteristic  feature  is  the  presence  in 
the  granulation  tissue  of  macrophages  containing  numerous  small  oval  organisms 
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fthese  are  often  known  as  ‘  Donovan  bodies,’  a  inislea/ling  torn.  n.s  Mu<y  Imvo  no 
relation  to  Leishman-Donovan  bodies).  The  orgavusrn  is  a  |ileomor|.l,.,„s 
bacterium  wliicb  has  been  obtained  in  |.nro  cnltnr,-,  an, I  (be  ,l.sea.M„  has  heen 

reproduced  by  inoculation  with  eultiires.  ,,  r 

In  addition  to  these  exaniplos,  there  aro  also  some  other  ilisoaso.s  with 
multiple  lesions  which  present  characters  somewhift  inl.onnedmln  hel,ween  those 
of  vranulomata  and  true  tumours.  Lymplmdcmmui  is  one  ol  (.hose  and  wdl 
be  considered  later  (p.  540).  Another  is  myco.sU  Inmioi,!,-..-,  winch  i.s  charac¬ 
terised  by  the  formation  of  multiple  nodulos  of  consnierahin  size  in  i.ho  Bkin, 
especially  of  the  upper  parts  of  tho  body,  and  often  prncodod  by  local  erythe¬ 
matous  patches.  The  nodulos  aro  at  first  of  colliilar  c.haructor  and  a  groat 
variety  of  cells  are  present— lymphocytes  and  iilasma  cells.  inaerophngeH,  niulti- 
nuoleated  giant-cells,  etc.  The  lesions,  on  tho  whole,  are  of  tho  graiiiiloiiiateiiH 
type,  but  no  organisms  have  boon  found  and  tho  otiohigy  i.s  iinknown. 


REPAIR 

Among  the  lower  orders  of  the  animal  kingdom,  wlnm  a  iiiirt  of 
the  body  has  been  reiiioved  or  destroyed  liy  injury,  a.  leinai kahle 
regeneration  of  the  lost  structure  often  occurs  and  eoin])lete  restoration 
may  follow.  In  the  higher  vertebrates,  however,  n-gmieration  in  the 


Fig.  59. — Capillary  loops  growing  into  tliin  blood  clot,  as  stum  iti  HjxH'iai  (*lm,mlKvr 
attached  to  rabbit’s  ear.  (Photograph  taken  during  liftL)  luirgi'  mmilx'i's 

of  macrophages  in  advance  of  growing  vessels.  (.Prof.  >Sir  \\.  VV.  b’Ior<\v.) 

strict  sense  is  met  with  only  in  a  rudimentary  form,  and  any  brc^ach 
of  continuity  or  gap  is  repaired  mainly  by  the  formation  of  a  now 
tissue  in  which  specialised  structures  are  not  fully  ri^stortMl ;  and, 
furthermore,  whilst  various  specialised  cells  have  it  ccu'taiti  power 
of  proliferation  when  they  are.  injured,  this  process  takes  place 
slowly  and  to  a  slight  degree,  as  compared  with  the  growth  of  the 
interstitial  tissue.  Accordingly,  repair  of  organs  or  specialised  tissue 
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is  efifected  chiefly  by  connective  tissue.  If,  however,  damage  is  in- 
flicted  on  the  specialised  cells  alone,  as  in  toxic  necrosis  of  kidney  and 
liver  cells,  it  may  be  repaired  by  proliferation  of  surviving  specialised 
cells  and  a  complete  restoration  may  be  effected.  The  covering 
epithelia  of  skin  and  mucous  membranes  have,  like  connective  tissues, 
great  reparative  capacities. 

As  has  been  already  described,  the  essential  factor  in  bringing 
about  reparative  proliferation  is  breach  of  continuity,  and  prolifera¬ 
tion  thus  set  up  will  go  on  indefinitely  or  until  continuity  is  restored. 
Tke  primary^ object  in  the  process  is  a  filbn^jof  AhLe>gap.^by  a  cellular 
tissue,  and  this  is  effected  mainly  by  the  growth  of  connective  tissue 
cells  or  fibrohlaats  along  with  numerous  newly  formed  blood  vessels. 
So  far  as  the  connective  tissue  cells  are  concerned  the  process  is  a 
comparatively  simple  one.  Resting  fibrocytes  become  enlarged,  oval 
or  spindle-shaped  with  processes,  and  come  to  acquire  the  characters 
of  fibroblasts  (Fig.  32).  The  fibroblasts  have  a  characteristic 
appearance,  and  we  beheve  that  ordinarily  they  are  the  only  cells 
which  take  part  in  the  production  of  new  fibrous  tissue.  The  pos¬ 
sibility  of  other  cells  being  concerned  has  already  been  discussed 
(p.  77).  Their  energies  are  at  first  chiefly  devoted  to  proliferation 
by  mitosis,  but  after  the  breach  has  been  occupied,  the  formation  of 
collagen  fibrils  follows,  and  as  this  goes  on  the  cells  gradually  become 
reduced  in  size  and  ultimately  assume  again  the  characters  of  adult 
connective  tissue  cells. 

The  formation  of  new  blood  vessels  in  every  case  takes  place  from 
the  pre-existing  vessels.  According  to  Thoma,  the  first  change 
is  the  formation  of  small  projections  from  the  capillary  walls,  which 
soon  take  the  form  of  hollow 
endothelial  buds,  while  from 
the  end  of  a  bud  a  delicate 
filiform  process  extends  into 
the  tissues.  Such  a  process 
becomes  united  with  another 
in  the  vicinity,  which  has  grown 
out  in  a  similar  way  from  a 
capillary,  and  then  the  two 
corresponding  hollow  buds 
grow  along  the  line  of  guidance 
thus  formed  and  become  con¬ 
fluent.  In  this  way  a  new 
capillary  loop  is  formed  and 
subsequent  growth  occurs  by 
elongation  of  the  loop.  Such 
loops  are  formed  in  large 
numbers  in  relation  to  a 
wound,  and  grow  into  the 

breach  (Figs.  59,  60,  64).  They  are  accompanied  by  fibroblasts  which 


Fig. 


60. — Kewly  formed  blood  vessels 
in  granulating  wound,  showing  the 
characters  of  their  walls.  (G.  H.  W.) 
X  200. 
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are  often  arranged  as  a  sort  of  sheath  around  tlieni.  {Some  of  tliese 
newly  formed  vessels  become  of  larger  size  and  aequire  a  support,! ng 
wall  of  connective  tissue.  At  a  later  stage,  after  I  lie  breatih  ha,s 
been  completely  occupied  by  this  vascidar  graruilcvti()!i  lassue,  many 
of  the  newly  formed  capillaries  become  closed  and  ultiimitely  disap™ 
pear.  This  process  is  called  devasctiUwiscUion.  We  shall  now  de¬ 
scribe  the  process  of  healing  more  in  detail,  and  aft(‘rvvar<ls  consider 
the  powers  of  repair  possessed  by  different  tissues. 


Healing  of  Wounds 

(x4)  Prwiary  Union.  In  a  sim])l(^  iuciscal  wound  such  as  is  ma,d(‘ 
in  aseptic  surgery,  the  process  of  healing  is  of  sim|)!(^  nal.nr<s  and 
takes  place  with  comparative  rapidity.  After  blcHMling  lias  Ixmui 
arrested,  and  the  margins  have  been  fixed  in  apjiosition,  the  axlja  i'ent 
surfaces  become  glued  with  a  thin  layer  of  e,oaguluin.  Tlierc^  is  a, 
slight  degree  of  congestion  of  the  superficial  vxsssels  with  sona^  (^xiida,- 
tion  of  lymph,  hnt  ordinarily  this  is  scanty  ;  and  onl\'  a  lew  hauax-yti's 
emigrate  from  the  vessels  into  the  clot.  Within  a,  sliort  tina^  t  he  eon- 
iiective  tissue  cells  become  swolhai  and  divide^  by  mitosis  ;  and  tluy 
then,  in  the  form  of  fibroblasts,  migrate  int/o  tlu^  thin  layer  oFcoagulniu, 
which  undergoes  absorption  by  theacdfion  of  tla^sc^  cdls  andof  l(meo(‘y  ti(‘s. 
Capillary  buds  accompany  the  fibroblasts,  but,  oltcm  iitth^  vascadarisa- 
tion  is  necessary.  The  fibroblasts  tVom  tlu^  axljaaumt,  sidr^s  bcauiUK'S  iirtaM’- 
mingled,  they  arrange  themselves  at  right  angles  to  th(‘<  liiu^  of  tlic^ 
wound,  and  produce  collagen  fibrils  which  bring  about  ih<‘  piuanajumt, 

union.  At  tlu',  sa, nH‘.  tiuu^  tlu^ 
epithelial  ciills  have  pi’olifer- 
ated ;  they  tlieu  grow  over 
the  line  of  incision  from  tlie 
two  sides  aiu,!  restore:^,  tlie  (‘.on- 
tinuity  of  the  epitlielial  (‘.oveu’- 
ing.  At  the  end  of  fi.V(:‘.  or 
six  days  the  process  is  |)raeti- 
cally  completed,  and  only  a, 
narrow  l)and  of  young  cjom 
nective  tissue  remains  to  mark 
the  line  of  the  incision  (hhg. 
61).  If  an  irritating  anti¬ 
septic  lias  hecui  used,  tliere  is 
more  serum ,  diseliarged  from 
the  vessels,  and  if  the  wound 
has  been  a  large  one  the  dis- 
charge  may  ho.  e.onsidiu’able. 
;  In  such  a  case  the  emigration 

of  leucocytes  continues  a  longer  time,  and  the  formation  of  fibroblasts 


Pig.  61. — Aseptic  abdominal  wound 
with  healing  after  five  days. 

The  incision  Is  represented  merely  by  a  vertical 
cellular  line  {a),  Tlie  round  body  on  the  surface 
IS  a  small  scab,  x  45. 
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and  new  capillaries  is  likewise  of  longer  duration  and  more  abundant. 
The  ultimate  result  is  that  a  more  distinct  line  of  fibrous  tissue  is 
left  than  in  the  case  of  simple  aseptic  healing  (Fig.  62).  The  pre¬ 
sence  of  pyogenic  organisms  in  the  wound  may  lead  to  inflammatory 
reaction,  which  may  go  on  to  suppurative  softening  of  the  coagulated 
lymph.  Primary  union  has  then  failed  to  occur,  and  the  wound 
has  to  heal  from  below  upwards  by  granulation. 

(B)  Healing  by  Granulation,  The  term  granulation  tissue  was 
originally  applied  to  the  deep-red  tissue  of  somewhat  granular 
aspect,  seen  in  the  floor  of  a  healing  ulcer.  Such  tissue  is 
comparatively  cellular  and  very  rich  in  young  blood  vessels,  and 
the  term  is  now  applied  to  any  newly  formed  tissue  with  these 


Fig.  (32. — Healed  abdominal  wound. 

There  has  been  irritation  and  healing  has 
been  protracted.  Note  tliat  the  line  of 
cellular  tissue  is  much  broader  than  in 
Fig.  83.  X  30. 


Fig.  63. — Healed  surgical  woimd  of 
skin  of  14  days’  duration. 

Note  that  the  line  of  incision  is  soundly  healed  but 
that  the  elastic  tissue  (stained  black)  has  not  been 
regenerated. 


characters.  The  repair  of  a  gap  in  the  skin  surface,  however 
produced,  or  of  a  wound  which  has  failed  to  unite  by  primary 
union  is  effected  by  the  growth  of  granulation  tissue  from  the  deeper 
parts.  In  the  floor  of  the  wmund  there  is  an  active  formation  of 
new  capillaries  from  the  pre-existing  blood  vessels  in  the  manner 
already  described,  and  they  grow  upwards  as  vascular  loops  at  right 
angles  to  the  surface  (Fig.  64)  ;  at  their  upper  extremity  they 
often  have  a  coiled  arrangement.  Along  with  them  there  grow 
a  large  number  of  fibroblasts  (Fig.  65)  which  are  at  first  mainly 
arranged  parallel  to  the  new  capillaries.  Active  emigration  of 
leucocytes,  chiefly  polymorpho-nuclear,  takes  place  from  the  new 
capillaries,  especially  in  their  upper  part,  and  these  cells  pass  to 
the  surface,  where  they  play  an  important  part  in  checking  the 
growth  of  bacteria,  and  thus  in  allowing  healing  to  progress.  When 

E*  ' 
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there  is  little  irritation  from  bacteria,  the  exudation  is  r<‘lativ{‘ly  smal! 

in  amouni  and  is  ric;h  in 
leneocytos . tln^  so-cjalied 


Fig.  64. — General  view  of  granulating  wound, 
showing  the  vertical  lines  of  newly  formed 
blood  vessels,  x  80. 


'  laiidai)le  |.)us.’  On,  th,e 
otluu'  luind,  (‘xc,(\ssive 
irritation  from  contiiuKal 
ba, (derial  grovvtJi  giv(\s 
ris(^  to  a  more  a.bun(lant 
and  more)  serous  dis- 
clu'irgo ;  or  tlnaa^  lUivy 
even  be  a  fdna nous  exu¬ 
date  on  tlie  surfae<\ 
Under  tluxsc^,  (conditions 
th(c  grovv'th  of  tluc  young 
vascular  tissue  may  be 
eli(cek(‘d  and  part  of  it 
may  Ixceorne  (hNstroycxl ; 
and  the  pnxeess  of  the 
healing  will  not  b(^  re¬ 
sumed  satisfaed-orily  until 
the  bacteria  ha<ve  beem 


.  .  ov(T(come,  and  thesonnee 

of  irritation  and  damage  has  thus  been  removeed,  Whem  grajudadion 
tissue  has  been  formed,  however,  it  usually  acts  as  an  odieiont  protoc- 


X'  ^ 


Fig.  65.  —  Fibroblasts  in  healing 
VTOund,  showing  the  (3haracteristic 
shape  and  early  formation  of  fibrils. 
X  250. 


Fig.  60.— Deeper  part  of  Kranulating 

wound. 

Below,  the  collagen  fibrils  are  being  fonitcd 
in  a  vertical  directioa.  (G,  H.  W.) 


The  growth  of  the  vascular  tissue  is  directed  to  filling  up  the  gap. 
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and  when  this  process  has  gone  on  for  some  time,  the  fibroblasts  in 
the  deeper  part  arrange  themselves  more  or  less  parallel  to  the  surface, 
that  is,  at  right  angles  to  the  vessels  (Fig.  66),  and  collagen  fibrils 
between  them.  As  they  mature  they  contract  markedly  and 
thereby  reduce  the  surface  area  of  the  wound  which  has  to  be  epithelial- 
ised.  How  collagen  is  produced  is  not  fully  understood  ;  what  one 
sees  is  merely  that  delicate  fibrils  appear  between  the  cells  and  then 
gradually  increase  in  thickness.  Formation  of  fibrous  matrix  then 
proceeds  from  below  upwards,  and  for  its  completion  and  maturation 
an  adequate  supply  of  ascorbic  acid  (Vitamin  C)  is  required.  When 
the  gap  has  been  sufficiently  filled  up,  the  cells  of  the  epithelium  at 
tlie  margin  begin  to  proliferate  and  grow  over  the  young  vascular 
tissue.  This  occurs  satisfactorily  only  when  bacterial  growth  has 


Fig.  67. — Granulating  wound  with 
early  growth  of  epithelium  over 
the  surface. 

The  epithelium  is  growing  from  the  right- 
hand  side  and  tapers  off  as  a  thin  layer. 
(G.H.W.)  X  200, 


Fig.  67a. — Repair  of  lining  of  gall¬ 
bladder  after  acute  inflammatory 
desquamation. 

The  epithelial  cells  extend  as  a  thin  flattened 
layer  to  reline  the  viscus.  x  75. 


been  properly  restrained,  chiefly  by  the  action  of  the  leucocytes.  The 
first  object  of  the  epithelial  cells  is  to  cover  the  surface  as  quickly  as 
])ossible,  and  the  growing  epithelium  is  at  first  a  thin  layer  of  flattened 
cells  (Fig.  67),  through  which  leucocytes  are  sometimes  seen  to  be 
still  passing.  When  the  tissue  has  become  completely  covered  by 
epithelium,  emigration  of  polymorpho -nuclear  leucocytes  usually  stops, 
and  these  cells  gradually  disappear  from  the  tissues,  the  leucocytes 
then  present  being  chiefly  mononuclear  leucocytes,  plasma  cells  and 
lymphocytes.  The  layer  of  epithehum  thus  formed  then  increases  in 
depth,  and  the  cells  become  differentiated  into  the  superficial  cells  of 
the  stratum  corneum  and  the  rounded  cells  of  the  stratum  Malpighii 
(Fig.  68).  When  the  young  tissue  has  been  covered  by  epithelium,  the 
growth  of  blood  vessels  comes  to  an  end,  and  a  process  of  obliteration 
of  the  new  vessels,  or  devascularisation,  sets  in.  This  is  accompanied 
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by  the  formation  of  abundant  collagen  fibres  wlrix^b  gi‘adiia,l!y  IxHunue 
orientated  along  the  lines  of  stress,  and.  ultiiimtely  tlux  tissm^  Ixxxjnu's 

dense  and  fibrous,  and  is  comparatively  ava,scular . tlio  el)a.ra,(fix‘risti(x 

white  scar  tissue.  The  process  of  corai)l(vt(^  d(‘va,s(xila,risaO()n  imd 
cicatrisation  is  gradual,  and  thus  a  consideralxh^  tinu^  (daj  jsc's  l)efi)re 
the  scar  loses  its  reddish  appearance.  Tlie  newly  IbiMiied  e|)itlK^liurn 
covering  the  scar  assumes  the  ordinary  characters,  l)ul;  it  is  usually 
thinner  than  the  normal  epithelium,  and  the  r(\gulaj’  ax‘ra.ng{un(‘ni.  oT 
the  papilliform  processes  of  the  coriurn  is  wanting.  Whnn^  tlnx  spcxaal 
structures  of  the  skin — sweat  glands,  hairs,  and  si^baxHxoiis  glands  ■ 
have  been  completely  destroyed,  tluaa^  is  no  reg(‘n(a’a,tion  ol:  t/h(nu  in 
the  scar.  If,  however,  a  })orti()n,  say  of  a-  sweat  glaiiid,  ]ia,s  snrviv(Ml, 

a<  (xa-tabi  a.nioimt  ol  r(‘pa.ir  ina.y 


oeeur,  but  as  ih  Mi(‘  eicai- 

tridal  tissia^  is  dcw'oid  ol'  Mi(*s<‘, 
strudiUrcNS, 

Tlic  repair  cl, tires  of  bone 
occurs  a,cex)rding  to  tlie  sarnie 
general  f)i‘in(‘ipl(\s  UuS  tliat  of 
wounds  of  tlu^  soft  tissiH's,  hut 
is  more  e-o  n  v  <  ‘  n  i  <  a  d  ly  (a  >  n  s  i  <  1  evoi  1 
later  in  e.oinual.ion  with  disi‘a,s(\s 
ol  bone.  Hie  ax’count  there  givivn 
may,  howcwua-,  be  suduilily  rc^nxl 
by  the  stmhmt  along  with  i-hc 
foregoing. 

Processes  similar  to  tIios<^  Siam 


Fig.  08. — ^Kewly  formed  epithelium 
on  healed  ulcer. 

_  The  cells  are  in  several  layers  bufc  there  is 
little  differentiation,  and  there  is  no  formation 
of  papillae.  (G.  H.  W.)  x  200. 


in  repair  oeimr  in  whad  is  (ailhul 
organisation,  that  is,  pmudd-ation 
of  certain  iiuu't  madiuhil,  (\g. 
thrombus,  fibrin  inass(\s,  (dx^.,  hy 


young  coiinectivi',  iissm^  cadis  and 
young  vessels.  Granulation  tissue  is  formed  also  around  oollcsd.iotus 
of  pus  so  as  to  constitute  an  abscess  wall,  and  i.s  a  i)n)initUMit 
feature  in  chronic  tuberculous  lesions,  e.g.  around  phthisical  cavilues 
and  in  tuberculosis  of  joints.  In  all  such  cases  the  procses.scis  con¬ 
cerned  are  essentially  of  the  same  nature,  and  the  ultimate  nwult  is 
an  increased  formation  of  connective  tissue  which  will  of  eoursc^  pre¬ 
sent  different  appearances  according  to  the  stage. 

The  mode  ot  organisation  of  a  thrombus  is  of  considerable  intercut 
and  rnay  be  briefly  sketched.  When  an  artery  is  ligatured,  a  fairly 
hrm  thrombus  forms  on  the  proximal  side  and  is  of  conicud  or  (iape.r- 
mg  form;  that  on  the  distal  side  is  looser  and  less  regular,  'riie 
presence  of  the  thrombus  leads  to  reactions  on  the  part  of  the  vas- 
othelium,  the  connective  tissue  cells  and  the  vasa  vasoi-nm. 
ihe  endothelium  at  the  site  grows  up  over  the  thrombus  so  as  to 
enclose  it  completely  from  the  lumen  of  the  vessel  (Fig.  69),  and 
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at  the  same  time  young  capillaries  commence  to  grow  from  the 
vasa  vasorum  and  pass  through  the  intima  into  the  thrombus. 


Fig.  69. — Section  of  thrombus  in  artery,  showing  growth  of  endothelium 
over  the  surface. 

(a)  Thrombus ;  (b)  growth  of  endothelium  and  fibrous  tissue  over  thrombus  from 
(c)  intima.  x  35. 


Fig.  70.— -Partially  organised  thrombus  in  vein. 

(a)  Newly  formed  capillaries  invading  the  thrombus ;  (6)  media,  x  60. 

They  are  accompanied  by  young  connective  tissue  cells,  and  the 
peripheral  part  of  the  thrombus  is  soon  occupied  by  a  zone  of 
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vascular  connective  tissue  (Fig.  70).  Tlie  t\ndotheliinn  (‘ovoring 
the  thrombus  also  has  vaso-formative  |)ro|)(‘rin\s,  aiid  1)iids  grow 
down  from  it  into  the  siibstaiice  of  the  thi’ond)us.  It  is  generally 
accepted  that,  where  the  lumen  is  not  a(d-milly  destroyed,  as 
by  ligature,  these  buds  may  grow  througli  tlie  tliroml)iis  and  eoni- 
municate  with  similar  capillary  buds  coining  from  t  otlua'  side  ; 
and  that  in  this  way  the  thrombus  may  become  (‘.<uiaJis(Hl  a,nd  a 
new  channel  for  the  circulation  may  be  establisiied.  In  most  (^a.s(\s  of 
thrombosis  occurring  naturally,  however,  the  eluimud  is  r(\stor(‘(l,  if 
at  all  effectively,  more  by  shrinkage  of  the  iJirombiis  fi’om  tlu^  waJl 
of  the  vessel  than  by  recanalisation.  XJltimatidy,  tlu‘  tJirombus  imiy 
become  completely  replaced  by  the  young  tissiu^  and  tlum  1.h(a-(^ 
follows  formation  of  fibrous  matrix  and  shrinking  of  tlu^  tissn(‘. 


Fig.  71.  Oi‘gaii\isatioii  ol  <1  liooiniitoinii  iifl'Ci*  12  duiys.  .Niiiuoi’ous  (lUipilhu'v 
sprout.ft  are  growing  into  tlio  mass  of  olot.,  sooii  alnwo.  85. 

muscle  cells  disappear  from  the  vessel  wall  and  ultimately  only  a 
fibrous  cord  may  be  left.  When  the  thrornbns  Inw  hc'c.n  slowly  forined 
and  is  dense,  the  process  of  organisation  may  occupy  a,  (H)nnid(>ral)l(h 
time,  and  if  the  wall  of  the  vessel  is  diseased  the  organisation  niay  ho 
indefinitely  delayed  and  calcification  may  occur  in  (he  throitiinm  ; 
phleboliths,  for  example,  are  formed  in  this  way. 

Organisation  of  Exudate.  When  there  is  inflammation  of  a  serous 
membrane  attended  by  fibrinous  exudation,  organisation  of  the  (ibrin 
occurs,  and  proceeds  on  similar  lines.  In  such  a  case  tlu^  serosal,  ccdls 
have  become  destroyed  and  the  lymphatic  spaces  of  tln^  ni(unbra.n(' 
are  thus  in  communication  with  the  serous  cavity.  If  the  lil)rin  b(^ 
abundant  and  especially  if  it  he  dense,  it  becomes  absorbed  by  a  proc(,\ss 
of  orpmation.  A  zone  of  young  connective  tissue  cells  and  youiig 
cap^aries  is  formed  in  the  superficial  parts  of  both  the  visceral  and 
parietal  layers.  The  two  zones  then  advance  from  the  opposite  sidt^s 
hrough  the  masses  of  fibrin,  leading  to  its  absorption,  and' ultimately 
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coalesce.  After  this  has  occurred  the  process  of  devaseularisation 
takes  place,  and  the  result  is  fibrous  adhesion  of  var3dng  extent  between 
the  layers.  If,  however,  the  fibrin  be  in  the  form  of  loose  reticulum 
it  may  be  partly  digested  by  leucocytes,  and  the  serosal  endothelial 
covering  may  be  repaired  to  a  certain  extent ;  accordingly  the  dense 
fibrous  adhesions  which  ultimately  form  may  obliterate  only  part  of 
the  cavity. 

Repair  and  Hyperplasia  of  Various  Tissues 

We  shall  now  consider  the  proliferative  capacity  shown  by  different 
cells  in  the  process  of  repair,  and  with  this  it  will  be  convenient  to 
include  proliferation  in  processes  of  hypertrophy,  in  response  to 
increased  demand  for  functional  activity. 

Blood  Cells.  Repair  of  the  blood  as  a  tissue  is  of  course  con¬ 
stantly  going  on,  and  becomes  increased  when  the  cells  are  being  lost. 
Regeneration  of  red  corpuscles  after  haemorrhage  may  become  com¬ 
plete  in  a  relatively  short  time,  but  if  haemorrhage  be  oft  repeated 
then  the  output  of  new  red  cells  from  the  marrow  becomes  less  active, 
and  a  condition  of  anaemia  may  persist  for  some  time  after  the  cause 
has  been  removed,  owing  to  exhaustion  of  the  materials  required  for 
haemoglobin  synthesis,  especially  iron  ;  the  marrow,  however,  remains 
hy}3erplastic.  The  increase  of  red  corpuscles  is  supplied  by  a  more 
active  proliferation  of  erythroblasts,  which  are  fairly  large  and  contain 
little  haemoglobin.  The  erythroblasts  arising  from  them  acquire  more 
haemoglobin  and  lose  their  nucleus,  which  has  become  smaller  and  more 
condensed.  The  young  erythrocytes  thus  formed  enter  the  circulation, 
where  they  are  recognisable  for  some  time  by  their  having  a  shghtly 
basophil  reaction  and  by  their  containing  a  reticulum  stainable  by 
special  methods.  The  number  of  such  corpuscles,  called  reticulocytes, 
supplies  an  important  evidence  of  the  amount  of  regeneration  going 
on  (p.  460).  Erythroblasts  of  the  normoblast  type  may  also  be  present 
in  the  circulation  with  them.  What  may  be  considered  a  process  of 
compensatory  hyperplasia  is  seen  in  the  increase  in  number  of  red 
corpuscles  which  occurs  when  a  person  resides  at  a  high  altitude 
(p.  458).  The  supply  of  leucocytes  seems  to  be  almost  unlimited,  as 
is  illustrated  by  the  large  quantities  of  pus  which  may  be  discharged 
during  a  long  period.  The  process,  which  has  already  been  discussed, 
is  of  the  nature  rather  of  a  compensatory  h5q)erplasia,  in  response  to 
demand,  than  of  repair  after  loss,  and  the  stimulus  is  usually  the 
action  of  toxins  (p.  69)  together  with  products  of  tissue  breakdown 
such  as  nucleic  acids,  polypeptides,  etc. 

Connective  Tissues  and  Blood  Vessels.  New  formation  of 
connective  tissue  and  capillaries  takes  place  with  rapidity  as  has  been 
described,  and  becomes  excessive  when  there  is  repeated  damage  to 
or  loss  of  the  new  cells.  Endothelial  cells  have  great  proliferative 
capacity,  and  this  may  be  directed  either  to  providing  a  supply  of 
new  capillaries  or,  in  the  case  of  serosal  endothelium,  to  the  repair 
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of  the  surface  which  has  lost  its  covcu-ina;.  Elastic*,  tissue*  can  lx* 
formed  anew  and  in  some  chronic  inthinmiafory  (‘.onditions  nmy  be 
in  great  excess,  but  the  mode  of  formation  ol'tlu*  hbix\s  is  im])ci'lcetly 
understood.  It  is  usually  defeclKc^  in  ordinary  lu\-iling,  and  tlic  spcHrial 
arrangements  are  not  restored  in.  tlu^  cause*  of  the*  skin.  In  eMidarte*ritis 
obliterans,  however,  where  young  connc'cl  ive*  tissue^  is  rornie*el  in  tlie^ 
intima  of  arteries,  new  elastic  laminae  with  i‘e*gular  a.rra.uge*nH*nt.  are*  ofte*n 
seen.  Further,  increase  of  elastic  tissue,  as  a  hy|)e*r(.re)|>hic  proea^ss, 
occurs  in  arteries  when  there  is  increased  pressure,  aaid  nenv  hnninai  may 
be  split  off  from  the  internal  elastic  laniina.,  or  nniy  lx*.  fielde‘d  Ik)  old 
laminae.  Bone  has  remarkable  powers  of  t‘e*paii’,  wliicli  follows  the* 
same  general  laws  as  that  of  the  soft  ce)nn(*ed,ive^  tissne*s  we*  see^ 
the  same  active  proliferation  of  the  osteobkists  ix)  occupy  tlie  gap 
or  defect,  and  then  the  formation  of  matrix  by  themi,  just-  anS  the 
collagenous  fibres  are  laid  down  by  the  connc'e-live^  tissue  cecils. 
When  the  damage  is  continued,  as  in  septic  le*sie)ns  of  bone^,  Ihea-e 
results  excessive  formation  of  dense  sclerotic*.  l)oiie*,  which  is  the 
homologue  of  scar  tissue.  Cartilage  cells  have*.  litXJe*  powea-  of  pro¬ 
liferation,  in  fact  some  writers  state  that  the  adult  cells  caiiinot  multiply, 
being  end  products.  A  wound  of,  or  damage  to,  caa-tila,ge^  is 
ordinarily  repaired  either  by  the  formation  of  new  cartilage  eudls 
from  the  deep  layer  of  the  perichondrium,  or  by  an  iiigr-owl  h  of  young 
connective  cells  and  capillaries.  In  the  repair  of  te*udous  a.nei  liga¬ 
ments  the  influence  of  physical  forces  is  strikinglv^  shown  in  IJie* 
orientation  of  the  newly-formed  collagen  libres  in  a,ce*orda.nc(*.  witli 
the  tensions  to  which  they  are  subjected. 

Muscle.  When  ordinary  striped  muscle  is  cut  across,  tlu^  sare;o- 
lemma  cells  near  the  injury  undergo  proliferation  and  (a)me^  to 
form  multi-nucleated  plasmodial  projections  which  grow  outvva,rds 
(Fig.  72a).  In  these  differentiation  into  striped  sarcous  ma,t(*,ria,l 
may  occur,  but  there  is  no  effective  restoration  of  muscle  by  this 
method.  The  process  is  slow  and,  befoje  it  has  advanced  any 
considerable  distance,  the  connective  tiskie  cells  with  n(*,w  blood 


vessels  have  filled  up  the  gap;  thus  actual  union  of  mvovaxl 
muscles  takes  place  by  ordinary  connective  tissue.  When  a  portion 
of  muscle  is  destroyed  by  a  toxic  agency,  as  sometimes  occurs,  the 
dead  material  is  absorbed  by  leucocytes,  and  by  sarcohmuna,  (‘.(*lls 
which  then  repair  the  defect  by  laying  down  new  sarcx)us  substa-mu*. 
Wounds  of  heart  muscle  and  non-striped  muscles  an*  r(‘,pair(*,d  by 
w^hite  fibrous  tissue,  though  the  non-striped  musc.lc  (i(*lls  pr‘()lir(*r*a,t<> 
to  a  certain  extent  by  mitotic  division.  On  the  other  hand,  musc.lc* 
tissue  has  marked  power  of  hypertrophic  growth,  hi  tlic^  cxisc*.  of  sti‘ip(*(  I 
mus(3lethis  occurs  merely  by  the  enlargement  of  thc^  individual  librt*s  ; 
but  in  the  hy|)ertr<3phy  of  non-striped  muscle  there*  oexun*  both  cui- 
largement  and  j)roliferation  of  the  muscle  cells.  In  a  hypc*,rtrophi(vl 
heart,  the  indiviciual  muscle  cells  are  distinctly  enlarged,  iu(‘,r(*a.sc*.d 
m  length  and  thickness.  Some  contain  two  nuclei  and  there*  is  at 
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times  an  appearance  suggesting  longitudinal  division  of  the  cell. 
It  is  doubtful,  however,  whether  this  actually  occurs,  and  certainly 


Kig.  72a. — Striped  muscl©  in  granulation  tissue,  showing  multiplication  of 
sarcolemma  cells  and  formation  of  plasmodial  structures.  X  about  175. 


the  increase  in  the  size  of  the  individual  fibres  seems  sufficient  to 
explain  the  increase  of  muscle  as  a  whole. 

Epithelia.  Epithelial  cells  generally  have  marked  regenerative 
power.  This  is  especially  seen  in  the  covering  epithelia  of  the  skin  and 


mucous  membranes,  and  large 
defects  are  satisfactorily  healed 
over.  Further,  in  the  new  epi¬ 
thelium  we  may  find  restoration 
of  the  characteristic  arrange¬ 
ments.  But  in  the  case  of 
organs  such  as  the  liver  and 
kidneys,  when  a  wound  occurs, 
repair  takes  place  by  fibrous 
tissue  ;  for  although  there  is 
proliferation  of  the  specialised 
cells,  this  is  relatively  slow  and 
cannot  keep  pace  with  that  of 
the  connective  tissue  cells. 
For  example,  at  the  margin 
of  a  partly  healed  rupture  of 
the  liver,  there  are  to  be  seen 
budding  processes  of  epithe¬ 
lial  cells  with  irregular  acinus- 
like  arrangement,  and  the 


Fig.  72b. — Healing  laceration  of  liver, 
showing  irregular  masses  of  epithelial 
cells  which  have  grown  out  from  the 
liver  cells  and  bile-ducts. 

A  few  liver  cells  are  present  in  lower  part  of  figure, 
X  150, 
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origin  of  these  can  be  traced  to  the  liver  cells  as  well  as  to  tlie  l)i!e-(luct 
epithelium  (Fig.  72b  ).  Such  growth  is  the  result  of  l)reaeli  of  coiitin u ii.y , 
but  it  is  of  limited  extent  and  becomes  arrested  in  the  coiKhmsing 
fibrous  tissue.  If,  however,  th(‘  s|)(‘eia,lised  cells  l)e  (h'sti’oyed,  w  ithoui, 
the  supporting  tissue  being  involved,  r('j)ai]‘  may  Ix^  (^flectc'd  by  (,h(‘  aal  jai- 
cent  parenchyma,  the  necrosed  cOls  bOng  a,l)sorl)ed.  Milioti('  ligui-('s 
may  be  seen  in  liver  cells  in  the  neighbomhood  ol  a.  ncci‘os(‘d  jjortion 
of  a  column  ;  and  there  is  evidence  that  consideral)lc  areas  of  focal 
necrosis  may  be  thus  healed  without  leaving  any  trace.  So  also  in 
the  kidney  when  cells  of  the  convoluted  tubules  are  killed  by  toxic 
agencies  and  desquamated,  repair  may  be  eflhcted  by  the  surviving 
cells  ;  in  this  case  again  without  any  connective  tissue  growtli. 

As  a  rule  the  power  of  hypertrophy  and  hyperplasia  is  a  well- 
marked  feature  of  specialised  epithelium,  and  in  tliis  way  a,  la/rgc 
portion  of  functioning  tissue,  e.g.  liver,  may  be  restorcxl,  winai  a.  por¬ 
tion  of  the  organ  has  been  destroyed  {vide  p.  116).  The  growth  in 
such  cases  represents  a  response  on  the  part  of  the  surviving  cells, 
at  a  distance  from  the  injury,  to  increased  functional  (l(mian<Is,  and 
is  thus  not  the  direct  result  of  breach  of  continuity.  ''Thc^  txaun  ‘  r(‘g<m- 
eration,’  which  means  a  reproduction  or  re-fornnition  ol:‘  what,  luis 
been  lost,  should  not  be  applied  to  such  a  process,  though  this  is 
sometimes  done. 

Nervous  Tissue.  Nerve  cells  when  once  fully  formed  have 
no  power  of  proliferation;  once  lost  they  are  not  n^phiccxl.  dlie 
various  parts  of  the  cell  may,  however,  be  repaired  so  loiig  as  tlu^.  (udl 
remains  alive,  and  the  most  striking  example  of  this  is  tlu'-  gi'owtJi  in 
a  peripheral  direction  of  the  axon,  as  seen  after  nerve  see.tion  or 
destruction  of  nerve  fibres.  Nenroglia  cells  have  gnuit  |)owers  of 
proliferation,  and  repair  is  effected  by  them  if  the  lesion  is  conliiuxl 
to  the  nervous  tissue  proper.  If,  however,  it  affects  also  tlu^  oixlimuy 
connective  tissue  which  accompanies  the  blood  vessels,  growtli  o(‘.cut\s 
in  this  also,  so  that  often  both  types  of  connective  tissue  arc  involved. 


BYPERTROFEY 

This  term  means  increase  of  the  essential  tissue  of  an  organ  e.g. 
the  muscle  cells  of  the  heart,  liver  cells,  etc.  Such  ine.ixnse/may 
depend  upon  enlargement  of  the  individual  cells™-^7^ype?2ron//,y  nroiKw 

or  there  may  be  at  the  same  time  proliferation  of  the  cells- . . hyper 

plasia  ;  the  two  conditions  are  often  present  together.  4, lie  term 
however,  is^  often  nsed  in  a  somewhat  loose  fashion  where  there  is 

^  r  example,  a  mneous  membrane  is  some- 

times  wrongly  spoken  of  as  hypertrophied,  when  it  is  merely  thickened 
interstitial  increase,  leucocytic  infiltration,  etc.  Also 
retention  of  secretion,  e.g.  in  the  thyroid  gland,  may  nroduee  an 

tronW^oo^  which  is  not  a  trne  hypertrophy.  The  key  to  hyper- 
ophy  occurring  in  abnormal  conditions  is  given  by 
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liypej'trophy ,  the  most  striking  example  of  which  is  seen  in  the  hj^per- 
trophy  of  the  uterus  and  mammary  glands,  which  occurs  diirmg 
jwegnancy.  Such  an  enlargement  represents  an  adaptation  to 
increased  functional  demands,  and  a  similar  principle  dominates  in 
pathological  hypertrophy.  Hypertrophy  is,  of  course,  the  opposite 
condition  to  atrophy,  and  the  latter  may  he  brought  about  by  a 
variety  of  causes  (p.  132).  The  converse  of  each  cause  which  produces 
atrophy,  however,  does  not  lead  to  hypertrophy.  In  the  great  majority 
of  cases  true  hypertrophy  is  brought  about  by  increased  functional 
activity,  and  it  would  be  better  to  restrict  the  term  to  conditions 
where  it  is  produced  in  this  way. 

Compensatory  Hypertrophy.  Hypertrophy,  in  response  to  abnor¬ 
mal  functional  demands,  is  sometimes  spoken  of  as  compensatory 


BUg.  73. — Hypertrophied  muscle  fibres  Fig.  74. — Slightly  atrophied  heart 
of  lieartin  a  case  of  arterio -sclerosis  muscle;  to  compare  with  Fig.  73. 

with  high  blood  pressure.  X  185.  X  185. 

hypertrophy.  It  is  seen  mainly  in  the  case  of  the  muscular  and 
glandular  tissues.  The  muscular  tissue  of  the  heart  is  capable  of 
great  hypertrophy  when  increased  work  is  thrown  upon  it,  e.g.  by 
valvular  disease  or  by  obstruction  in  the  arterial  system.  The  muscular 
walls  become  greatly  thickened,  and  the  weight  of  the  heart  may  be 
twice  the  normal,  or  even  more.  In  this  cardiac  h5rpertrophy,  the 
muscle  fibres  are  increased  in  thickness  and  length,  and  the  enlarge¬ 
ment  of  the  individual  fibres  would  appear  to  be  sufficient  to  cause  the 
increase  in  muscle  (Fig.  73).  There  is  some  evidence  that  division 
of  the  muscle  cells  takes  place,  i.e.  hyperplasia,  but  if  this  occurs  it 
plays  only  a  subsidiary  part.  H3rpertrophy  of  non-striped  muscle  is 
of  frequent  occurrence,  and  here  both  enlargement  of  the  individual 
fibres  and  hyperplasia  occur,  though  as  a  rule  mainly  the  former. 
Thus  there  is  hypertrophy  of  the  muscle  in  arteries  in  response  to 
long-continued  high  blood  pressure  (p.  292),  and  when  an  artery 
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becomes  permanently  enlarged  for  purposes  of  eollatei'al  eirc'iilaiioo, 
there  is  hypertrophy  of  the  various  elements  in  its  wall.  "Tlic  wall  of 
the  urinary  bladder  may  become  greatly  hyp(vrtro|)liie<l  wlieii  tlien^  is 
obstruction  to  outflow  of  urine,  e.g.  in  easels  of  enlaigual  [)i‘os(.a,t(\ 
stricture,  etc.  So  also  when  there  is  stenosis  of  the  bowel,  Ibr  (^xa.mpla 
as  the  result  of  tumour,  the  wall  of  the  part  al)Ove  oOsmi  undiugotxs 
hypertrophy. 


With  regard  to  glandular  organs,  it  may  be  stated  as  a,  gcmeral 
rule,  that  when  a  part  of  the  organ  is  destroyed,  tlie  surviving  pa,rt 
endeavours  to  compensate  by  hypertrophy  and  hy})(‘rpla,sia,.  11ius, 
when  a  large  part  of  the  liver  is  removed  ex[)erimeni.ally,  b^qHu-frophu; 
changes  occur  in  the  surviving  portion,  and  ultimaloly  tlu'  original 
weight  may  be  restored.  In  such  a  case  tlu^  Iiv(u*  (h'IIs  Ix^couk^  (uda,rg(‘d 


Fig.  75. — Islet  of  liypertrophied  liver 
cells  from  a  case  of  early  cirrhosis. 

Note  the  stretching  of  the  cells  at  the  peri¬ 
phery.  X  60. 


and  tlien  iindergo  (livision,  so 
that  eacli  individual  lol[)ule  is 
increased  in  size.  Tliere  is,  how¬ 
ever,  no  formation  of  runv 
lobules,  that  is,  no  reg( '.miration 
in  the  strict  sense.  Similar  hypevr- 
trophic  processes  are  scc^n  in 
the  h ii  m  an  s  ul) j  ec;  t  wlum  1  i  v  ( vi* 
tissue  is  destroyed  l)y  discNise. 
It  may  be  a  marked  feivtut‘(^  i,u 
cirrhosis  of  the  liver  (Lig.  75), 
in  chronic  venous  congestion  a/ud 
in  cases  wliere  |;)a:rt  of  f}hc^ 
liver  is  destroyed  by  tumour 
or  by  hydatid  cyst.  Similarly, 
in  the  kidneys  liyp(‘rtropby 
may  occur  in  the  surviving 
tubules,  when  others  hav(^,  Ixam 
destroyed  as  the  result  of  chronic  inflammation  or  arbulal  (lisea,s(‘. 
In  the  case  of  paired  organs  the  hypc^rtrojiliy  of  oiu^  following  on 
defect  of  the  other  is  often  spoken  of  as  vicdf'ious  hypvTiro'ph}/ .  Wlum 
one  kidney  is  removed,  or  destroyed  by  disc^ase,  tlK‘  otluM*  may  umh'rgo 
hypertrophy,  and  this  occurs  more  readily  wluui  tlu^  loss  iia,s  iuken 
place  m  the  earlier  years  of  life  ;  for  oxamfile,  in  cougcaiitul  al)S(au^e 
of  one  kidney  the  other  organ  may  be  doubk^  the  sizc^.'of  tlu^  noimuil. 
Nevertheless  increase  to  twice  the  normal  weight  may  occur  (‘v(vn 
in  the  adult.  Recently  we  observed  such  an  oev, urnauu^  in  a-  subjiarf 
from  whom  a  healthy  kidney  had  been  excised  along  with  a  ]ar<r<. 
letroperitoneal  fatty  tumour.  In  the  norma^l  kidiu^v  (wc^iglit  150  <>•.) 
the  glomeruli  averaged  175//  in  diameter  whereas  tlu^  lamiaining  kidnev' 
14  months  later  weighed  280  g.  and  its  glomeruli  averagcxl  210//.  in 
tometer,  i.e  they  were  approximately  twice  the  voluim/of  thos(^  in 
the  previously  excised  kidney.  In  a  similar  way,  loss  of  otu.  adnami 
or  one  testis  may  be  followed  by  hypertrophy  of  the  surviving  organ. 
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When  one  lung  becomes  collapsed,  the  other  becomes  increased  in 
size  ;  in  this  case  the  mechanical  factor  of  overstretching  plays  the 
chief  part.  But  it  has  been  found  that  when  the  lesion  is  in  early  life, 
formation  of  new  alveoli  takes  place  in  the  surviving  lung.  Lastly, 
it  may  be  mentioned  that  h}^ertrophic  growth  of  bone  occurs  in 
response  to  strain,  etc.  ;  for  example,  the  hypertrophy  of  one  bone 
of  the  forearm  when  the  other  has  been  removed  or  rendered  useless. 

In  all  these  cases  we  see  a  principle  analogous  to  that  seen  in 
the  case  of  atrophy  (p.  132).  Just  as  maintenance  of  size  demands 
sufficient  katabolism,  so  also  excessive  katabolism  brings  about 
excessive  anabolism  or  building  up  of  the  molecules  lost,  and  thus 
leads  to  enlargement  of  the  cell.  In  other  words,  within  certain 
limits,  there  is  a  relation  between  the  size  of  the  cell  and  the  func¬ 
tional  requirements.  Beyond  a  certain  stage  the  requirements  can 
no  longer  be  met  by  mere  enlargement  of  cells  and  hyperplastic 
j)roliferation  may  then  occur. 

It  will  be  seen  that,  in  the  examples  given  of  compensatory  change, 
hypertrophy  and  hyperplasia,  as  defined  above,  are  present  together 
in  varying  degree.  In  certain  instances,  however,  notably  in  connec¬ 
tion  with  the  hsemopoietic  tissues,  the  change  is  purely  a  proliferative 
one  without  enlargement  of  the  cells,  that  is,  a  pure  compensatory 
hyperplasia.  For  example,  the  demand  for  increased  supply  of  erythro¬ 
cytes  or  leucocytes  is  met  in  this  way. 

Relation  to  Blood  Supply.  Other  factors  are  often  considered  to 
play  a  part  in  the  production  of  overgrowth  of  tissue.  It  has  been 
supposed  by  some  that  such  a  result  may  be  due  to  increased  supply 
of  nourishment,  especially  to  an  increased  arterial  supply.  An  ex¬ 
periment  performed  by  John  Hunter  is  of  ten  quoted  in  support  of  this. 
He  transplanted  the  spur  of  a  cock  from  the  leg  to  the  vascular  comb, 
and  found  that  it  grew  to  an  abnormal  size.  This  was  supposed 
to  be  due  to  the  great  vascularity  of  the  new  site,  but  it  should  be 
borne  in  mind  that,  in  the  new  situation  the  spur  was  not  exposed 
to  the  attrition  which  occurs  in  its  usual  situation.  The  experi¬ 
ment  cannot,  therefore,  be  accepted  as  an  unequivocal  example  of 
hypertrophy  due  to  increased  blood  supply.  The  division  of  the 
sympathetic  trunk  in  the  neck  may  lead  to  some  thickening  of  the 
skin,  but  there  is  no  true  hypertrophy  of  the  parts  as  a  result  of  the 
vascular  dilatation.  We  may  sum  up  by  saying  that,  although 
interference  with  the  blood  supply  produces  atrophy,  there  is  no 
satisfactory  evidence  that  either  excessive  assimilation  of  food  or 
increased  blood  supply  can  produce  true  hypertrophy,  that  is,  enlarge¬ 
ment  and  proliferation  of  cells. 

Relation  to  Intermittent  Pressure.  Another  cause  of  hypertrophy 
frequently  mentioned  is  intermittent  pressure,  there  being  here  a 
contrast  to  the  atrophy  which  results  from  constant  pressure.  The 
example  usually  quoted  is  thickening  of  the  epidermis,  which  results 
from  hard  manual  labour,  that  is,  intermittent  pressure ;  but  in  this 
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case  wliat  chiefly  happens  is  damage  to,  and  loss  of,  the  superhcial  colls, 
in  consequence  of  which  repair  occurs ;  and  when  damage  is  repeated, 
the  repair  becomes  an  over-repair.  There  is  also  inercaso^  of  horny 
material,  which  is  an  indication  of  increased  functional  activity.  A 
similar  principle  applies  to  other  cases  of  this  kind. 

Relation  to  Endocrine.  Glands.  It  has  already  been  stated  that 
certain  of  these  glands  have  an  important  relation  to  the  growth  and 
nourishment  of  the  tissues ;  for  example,  deficiency  of  the  thyroid 
may  bring  about  either  hypoplasia  or  atrophy.  The  most  striking 
example  of  the  converse  is  seen  in  the  case  of  the  pituita,i'y,  whcrc^ 
hjTeractivity  brings  about  giantism  or  acromegaly  (a  (M)ndii.ion  in 
which  there  is  enlargement  both  of  bone  and  soft  tissiu's),  acciording 
as  the  lesion  occurs  in  early  or  adult  life,  and  thes(^  elningcis  can 
be  reproduced  experimentally  by  administration  of  purilied  gi'owl.b 
hormone.  Conversely  hypophysectomy  leads  to  failure  oi  growlib  and 
development.  It  is  also  known  that  the  normal  liyperj)la.st.ie  clia.nge.s 
in  the  mamma  in  pregnancy  are  brought  about  by  lb(^  action  of 
hormones  either  from  the  coiqrus  luteum  or  from  the  fuftal  tissues. 
There  is  thus  ample  evidence  that  overgrowth  of  functioning  tissues 
may  be  produced  by  internal  secretions,  and  known  exampl('s  of  this 
are  steadily  increasing,  as  will  be  illustrated  in  subsequent  Hiapters. 

Relations  to  the  Nervous  System.  There  are  various  exampk's  of 
enlargement  of  tissues  due  to  lesions  of  the  nervous  system,  such  as 
overgrowth  of  the  skin  epithelium,  of  nails,  and  occasionally  of  bone. 
These  need  not  be  analysed  in  detail,  but  they  may  be  said  in  general 
to  be  the  result  of  trophic  disturbance.  A  similar  statoimmt  applie.s 
to  the  increased  size  of  the  muscles  in  pseudo-hypcrtr()[)l\i(!  ])aralysi.s, 
where  the  enlargement  is  due  simply  to  a  great  aecuimulation  of  fat, 
or  lipomatosis,  which  occurs  amongst  the  atrophied  musek^  libi-es. 

In  certain  conditions  enlargement  of  important  tissues  occurs 
without  known  cause.  This  is  the  case  in  the  pathological  hyp(u'- 
trophy  of  the  mammse,  which  sometimes  reaches  an  (‘xtraordinuiry 
degree,  and  also  in  the  so-called  hypertrophy  of  the  prostate^  wliieli 
is  of  so  common  occurrence. 

In  aU  cases  it  is  important  to  distinguish  the  two  main  typew  of 
true  hypertrophy,  namely,  (a)  that  occurring  in  response  to  increased 
functional  SLCtivity— functional  hypertrophy — and  (6)  that  brouglit 
about  by  the  influence  of  hormones — hormonal  hypertrophy. 

METAPLASIA 

By  this  term  is  meant  the  transformation  of  one  tissue  into  another. 
In  other  words,  we  may  say  that  metaplasia  occurs  when  a  differen¬ 
tiated  tissue  loses  its  characters  and  assumes  those  of  another  differen¬ 
tiated  tissue.  During  ontogenetic  development,  there  is  a  process 
of  differentiation  whereby  each  tissue  comes  to  have  its  peculiar 
structure  and  function.  In  the  human  subject  the  differentiation  is 
almost  complete;  nevertheless,  a  certain  amount  of  interchange 
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between  the  tissues  is  possible.  In  epitlielia,  metaplasia  occurs 
eliiefl}^  among  those  which  have  a  covering  or  protective  function, 
i.e.  those  of  the  skin,  mucous  membranes  and  ducts  of  glands — not 
between  epithelial  cells  with  specialised  functions. 

Metaplasia  may  be  said  to  be  the  result  of  alteration  in  the  condi¬ 
tions  of  life  of  the  cells,  and  usually  represents  an  adaptation  to  changes 
in  environment  and  functional  demands.  In  the  case  of  the  epithelial 
tissues  the  change  is  often  the  result  of  chronic  irritation,  and  a  more 
resistant  type  of  epithelium  is  produced.  Thus,  stratified  squamous 
epithelium  may  form  in  the  gall-bladder,  in  the  pelvis  of  the  kidney,  in 
the  bronchi,  in  the  mucous  membrane  of  the  nose  or  the  ducts  of  the 
salivary  glands.  In  extroversion  of  the  urinary  bladder,  the  transi¬ 
tional  epithelium  may  become  changed  into  mucin-forming  columnar 
epithelium,  or  even  into  stratified  squamous  epithelium.  Amongst 
the  connective  tissues,  metaplasia  occurs  between  ordinary  fibrous 
tissue,  myxomatous  tissue,  bone,  and  cartilage.  Bone  formation  may 
be  met  with  occasionally  in  the  walls  of  diseased  arteries,  in  the  coats 
of  the  eye,  in  the  region  of  calcareous  deposits,  etc.  In  the  healing  of 
fractures,  metaplasia  into  cartilage  may  occur,  especially  where  there 
is  undue  mobifity. 

A  remarkable  example  of  metaplasia  is  that  met  with  in  vitamin  A 
deficiency.  In  this  condition,  in  addition  to  xerophthalmia,  there 
occurs  a  change  of  cubical  and  columnar  epitheha  into  stratified  squam¬ 
ous  epithehum  with  keratinisation  and  desquamation  of  cells.  The 
change  is  widespread,  affecting  not  merely  covering  epitheha  such  as 
those  of  nose,  bronchi,  urinary  tract,  etc.,  but  also  some  secretory 
epitheha,  e.g.  those  of  the  lacrimal  and  salivary  glands.  The  change 
is  accompanied  by  a  marked  proneness  to  bacterial  infection  (p.  174). 
When  the  vitamin  deficiency  is  made  good  retrogression  of  the  meta¬ 
plasia  to  the  normal  type  may  occur. 

The  capacity  of  serosal  endothelium  to  undergo  metaplasia '  was 
demonstrated  in  a  striking  way  by  J.  S.  Young.  On  injecting  sudan 
III  in  olive  oil  along  with  sodium  cholate  into  the  pleural  cavity 
of  the  rabbit,  he  has  found  that  the  flattened  serosal  cells  become  at 
first  swollen  and  globular,  and  may  then  assume  the  characters  of 
a  columnar  epithelium  (Figs.  7fi,  77).  Thereafter  the  cells  proliferate 
and  form  several  layers,  which  come  to  resemble  a  transitional 
epithelium  or  even  a  stratified  epithelium  in  which  prickle  cells  are 
present.  Metaplasia  also  occurs  in  the  alveolar  epithelium  nearest 
to  the  pleura,  the  cells  becoming  cubical  or  columnar  in  form.  Oor- 
responding  changes  followed  injections  of  strontium  chloride,  which 
Loeb  found  very  effective  in  producing  parthenogenesis  in  the  eggs 
of  the  sea-urchin,  but  in  this  case  retrogression  of  the  metaplasia 
occurred  pretty  rapidly.  These  results  are  of  importance  not  only 
in  showing  the  metaplastic  properties  of  the  serosal  cells,  but  also 
in  demonstrating  the  remarkable  effect  of  substances  which  act  as 
special  stimulants  of  cellular  activity. 
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Metaplasia  is  to  be  distiiigiiishcd  from  a  mere  loss  of  the  sjx'ciaJ 
characters  of  cells,  which  may  ensue  when  their  fiinction  is  in(.(‘rf(‘r(‘(l 
with.  In  this  condition,  ('ailed  of  a,  la’ssu(‘,  tln^  cells 

become  de- differentiated.  Cells  of  glandular  orgYins  oft(vn  Ixaunm^ 
smaller,  more  cubical,  and  lose  their  spcaaat  f{‘atni*c‘S.  Ihus  livxa* 
cells  may  come  to  resemble  th(}S(3  of  bile-ducts,  and  in  a  iilirotic  and 
collapsed  lung,  the  alveolar  epithelhim  may  assnm(‘  a.  (vubical  form. 
In  tumours  true  metaplasia  is  oftem.  met  with,  but  souKlinK'S  it  is 
simulated  as  a  result  of  cells  undergoing  differemtiatiou  in  tlu'ii- 
growth.  Thus  in  a  tumour  of  the  kidney,  not  uncommon  in  (^liildnm, 
we  may  find,  in  addition  to  a  cellular  tissues  inij xalbef ly  formed 
tubules  and  even  glomeruli.  The  appear'amx'  ol  transition  betwaavn 


Fig,  77, 


Figs.  76,  77.  Metaplasia  of  serosal  cells  of  pleura  of  rabbit  pro(Ui(',ed  by 
injection  of  Sudan  III  and  sodium  cholate. 

In  Fig.  76  the  cells  have  become  spherical  and  are  stratified,  whilst  in  Fig.  77  they  are  more 
of  columnar  shape.  (J.  S.  Y.)  x  300. 

the  tissues  in  this  case  is  simply  due  to  the  fact  that  tlu^.  tdimour 
has  taken  origin  from  the  cells  destined  to  form  kidm^r  tissue^, 
before  they  have  undergone  differentiation.  Again,  the  app(>ar- 
ance  of  metaplasia  may  be  produced  owing  to  abnormalities  in 
the  process  of  development.  For  example,  stratified  squamous 
epithelium  may  in  this  way  occur  in  the  mammary  gland  or  in  the 
thyroid.  Lastly,  the  characters  of  the  tissue  may  become  changed, 
not  by  traiisformation,  but  by  one  tissue  replacing  the  other.  Thus, 
the  fatty  marrow  of  the  long  bones  is,  in  certain  conditions,  replaced 
hy  red  hsemopoietic  marrow.  In  this  instance,  the  growth  of  the 
latter  takes  place  fi:om  small  centres  between  the  fat  cells  (p.  516), 
but  there  is  no  transformation  of  one  tissue  into  the  other  in  the 
strict  sense.  These  examples  show  that  care  must  be  taken  in  using 
the  term  metaplasia,  and  in  every  case  the  condition  causing  the 

apparent  transition  must  be  investigated. 


CHAPTER  IV 


DISTURBANCES  OF  NUTRITION, 

NECROSIS,  DEGENERATIONS,  INFILTRATIONS,  ETC. 

Introductory.  In  this  chapter  we  shall  consider  the  various 
structural  changes  which  represent  the  results  of  damage  to  cells,  or 
interference  with  their  normal  life  and  metabolism.  This  state¬ 
ment  must,  however,  be  taken  as  a  general  expression,  as  some  of 
the  changes  may  possibly  represent  reactive  processes  or  increased 
function  of  the  cells.  The  changes  to  be  considered  are  sometimes 
classified  as  retrogressive,  in  contrast  to  the  progressive  changes 
which  represent  increased  cellular  activity  and  proliferation.  The 
chief  causes  of  these  retrogi'essive  changes  are  interference  with 
the  proper  supply  of  nutriment,  on  the  one  hand,  and  the  action 
of  poisons,  on  the  other.  The  extreme  degree  of  damage  is  death 
of  ceils,  or  necrosis,  and  when  this  is  accompanied  by  putrefac¬ 
tion  the  term  gangrene  is  applied.  Impaired  supply  of  nutriment  or 
other  causes  may  lead  merely  to  diminution  in  the  size  of  cells  or 
tissues,  and  this  is  spoken  of  as  atrophy.  Then  there  is  the  impor¬ 
tant  group  of  what  are  called  degenerations.  The  term  degeneration 
is  difficult  to  define  accurately,  but  it  may  be  said  to  include  the 
visible  alterations  in  living  cells,  apart  from  simple  atrophy,  which 
are  produced  by  disordered  nutrition  and  represent  damage  short 
of  actual  death.  Again,  metabolic  disturbances  are  often  accom¬ 
panied  by  the  appearance  in  the  cells  of  definite  substances— fat, 
glycogen,  pigments  and  the  like — and  these  are  either  normal  con¬ 
stituents  in  excess  or  abnormal  substances.  The  term  infiltration  is 
then  applied  to  such  accumulations— fatty,  glycogenic,  etc.  The  u^e 
of  the  terms  degeneration  and  infiltration  is  convenient,  but  it  is 
sometimes  not  possible  to  draw  a  distinction  between  them,  and 
degeneration  is  often  accompanied  by  infiltration.  Nevertheless,  there 
are  examples  of  infiltration  of  definite  substances  occurring  without 
any  evidence  of  damage  to  the  cell ;  on  the  contrary,  the  infiltration 
sometimes  represents  a  process  of  economic  value  to  the  body. 
example  of  this  As  the  storing  of  iron  in  the  form  of  granular  pig¬ 
ment  within  the  cells,  when  there  has  been  excessive  destruction  of 
blood.  The  substances  seen  in  infiltrations  are,  for  the  most  part, 
normal  constituents  of  the  fluids  and  tissues  or  derivatives  from  such 
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constituents,  but  they  may  also  be  of  exogenous  origin,  that  is, 
from  outside.  The  subjects  to  be  dealt  with  thus  include  neei-otfc 
and  atrophic  changes,  degenerations  and  infiltratioiis,  l)ut  it  roust 
be  understood  that  more  than  one  type  may  be  prcscvnt  in  tlie  con¬ 
ditions  described  below  under  separate  headings. 


NECROSIS 

By  necrosis  is  meant  death  of  a  cell  or  groups  of  (‘.ells,  when 
they  still  form  part  of  the  living  body.  Death  of  cells  may  occur 
suddenly,  for  example  as  the  result  of  heat  or  chemical  agents,  etc., 
or  it  may  occur  gradually  and  be  preceded  by  structural  signs  of 
degeneration  and  disintegration ;  in  the  latter  case,  the  term  necro-  • 
biosis  is  often  applied.  Cells  in  process  of  dying  are  known  to  undergo 
physical  changes,  for  example  in  conductivity  and  pcrnu‘ahilily.  ^ 
Living  cells  when  placed  in  a  weak  solution  of  neutral  real,  are  not 
penetrated  by  the  stain  and  their  nuclei  are  not  stained.  VVJien  t<he 
cells  die,  however,  the  cytoplasm  becomes  permeable  and  tlic  nuclei 
become  coloured  by  the  dye.  But  it  is  generally  agrea'd  tliaf;  (fie 
process  of  dying  is  a  gradual  one  and  that  it  is  not  j)()ssibl(‘.  to  staf  e 
the  actual  point  at  which  the  vital  functions  are  irrevo(‘af ily  losl,. 
The  exact  changes  underlying  cellular  death  often  cannot  he  (hdimal 
and  we  can  only  say  that  death  means  permanent  cessation  of 
functions  of  the  cells.  The  actual  death  in  this  sense  of  a  pr<ad-- 
ously  healthy  cell  may  not  be  attended  by  any  visible  sign,  but  ifi(‘.r(‘. 
soon  follow  histological  changes  which  enable  us  to  inhu;  that  ifu^ 
cell  has  been  dead  for  some  time  before  the  tissue  lias  Ixnm  (ix(‘d. 
These  signs  of  necrosis,  which  are  of  great  importance  in  the  hist, o- 
logical  examination  of  the  tissues,  are  accordingly  of  s(H;ondai’y 
nature;  they  are  of  post-mortem  occurrence  so  far  as  tlu^  ecdl  is 
concerned.  To  put  the  matter  in  another  way  :  when  a  pieces  of  ^ 
living  tissue  is  placed  in  a  fixing  fluid,  the  cells  are,  of  course,  kilbxl, 
but  the  structural  details  are  preserved.  On  the  other  liand,  wlicm 
the  tissue  remains  a  constituent  of  the  living  body  for  some  tinn^ 
after  being  killed,  important  changes  follow,  even  in  the  abscuiex^  of 
micro-organisms.  The  only  exception  to  the  latter  statement  is  that 
when  tissue  still  forming  part  of  the  body  is  killed  by  a  chemi¬ 
cal  coagulant  which  also  fixes  the  tissue,  the  changes  indicative  of 
necrosis  do  not  occur. 

_  Causes  of  Necrosis.  These  may  be  grouped  under  the  follow- 
mg  three  heads  : — 

(a)  Deprivation  of  Blood  Supply.  This  is  frequently  seen  when  an 
artery  is  obstructed  from  any  cause  in  a  situation  where  the  col¬ 
lateral  anastomosis  is  insufficient  to  keep  the  part  alive,  the  common 
resu  being  an  infarct  (p.  17).  It  is  seen  also  in  connection  with 
bone  when  a  suppurative  lesion,  occurring  within  and  outside  it, 
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destroys  all  the  vascular  coiinections.  The  deprivation  of  blood 
which  produces  necrosis  need  not  be  permanent.  Tissue  is  able  to 
survive  interruption  of  blood  suppl}^  for  a  period  only,  and  this 
p(‘ri()d  varies  in  different  tissues,  some  having  greater  powers  of 
survival  than  others.  This  has  been  discussed  more  fully  above 
(p.  19). 

(h)  Action  of  Toxins,  especially  those  of  bacterial  origin.  Many 
bacteria  produce  substances  which  act  as  cell  poisons  and  produce  nec¬ 
rosis.  This  is  a  prominent  feature  in  the  case  of  the  tubercle  bacillus, 
the  result  being  central  necrosis  of  the  tubercle  nodule  ;  it  is  well 
illustrated  in  the  action  of  the  diph'^eria^  bacillus  on  the  mucous 
membrane  of  the  pharynx,  here  also  necrosis  being  produceSTinthe 
'production  of  necrosis,  common  in  inflammations,  both  toxic  action  and 
interference  with  the  circulation  are  often  concerned.  Moreover, 
such  toxins  act  not  only  locally  around  the  bacteria,  but  also  on  dis¬ 
tant  parts,  notably  on  the  kidneys,  liver,  heart,  etc.,  and  the  cells  of 
these  organs  may  in  this  way  undergo  necrosis.  A  degree  of  toxic 
action  insufficient  to  cause  necrosis  leads  to  various  degenerative 
changes,  from  which  the  cells  may  recover. 

(c)  Chemical  and  Physical  Agencies — caustics,  extremes  of  heat 
and  cold,  electricity,  etc.  The  action  of  many  chemical  agents  of  a 
simple  nature  can  be  explained  by  their  efiects  on  proteins  outside 
the  body.  For  example,  some,  such  as  carbolic  acid  and  cor¬ 
rosive  sublimate,  act  as  coagulants  of  the  cell  protoplasm,  alkalies 
lead  to  softening  and  liquefaction,  whilst  sulphuric  acid  produces 
haemorrhage  and  blackening,  so  that  a  dark  eschar  results.  Such 
effects  are  well  illustrated  by  the  lesions  in  the  stomach  in  cases  of 
I  )oi soiling  with  such  agents.  iVs  a  rule,  these  chemical  substances, 
ill  a  dilution  insufficient  to  cause  death,  produce  inflammatory  changes  , 
this  is  often  seen  at  the  margin  of  the  parts  actually  necrotic.  Cells 
are  very  sensitive  to  the  action  of  heat,  and  exposure  to  a  tem- 
])erature  of  45°  C.  causes  cell  death,  though  the  duration  necessaiv 
varies  in  the  case  of  different  cells.  Cold,  on  the  other  hand,  has 
little  direct  action.  Certain  tissues  can  be  frozen  vithout  being 
killed,  and  it  has  been  shown  that  cancer  cells  kept  in  a  frozen  state 
for  a  considerable  time  are  still  viable  and  if  implanted  may  produce 
a  tumour.  Necrosis  after  frostbite  is  due  to  damage  of  the  capillaries, 
so  that  extreme  stasis  and  formation  of  hyaline  thrombi  result  in 
them,  and  the  restoration  of  the  circulation  when  the  part  is  warmed 
is  rendered  impossible.  Thrombosis  extends  also  to  the  arteries,  and 
obliterative  changes  may  be  found  at  a  later  period. 

Certain  lesions  of  the  nervous  system  favour  the  occurrence  of 
necrosis  owing  to  trophic  disturbances,  but  there  is  no  evidence  that 
such  lesions  can,  in  themselves,  bring  about  the  death  of  tissues. 

Structural  Changes.  The  changes  following  necrosis  of  a  por¬ 
tion  of  the  tissue  are  of  two  main  types. 

(a)  The  more  common  result  is  that  the  tissue  becomes  some- 
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wliat  firmer  and  usually  swollen,  dull  and  lustreless,  and  of  a 
yellowish  tinge,  unless  it  contains  much  blood.  To  tliis  type  Weigert 
applied  the  term  coagulative  necrosis,  his  view  l)eing  tliat  the  dying 
cell  absorbs  lymph,  and  that  then  an  intra-cellular  coagulation  takes 
place  by  enzymes  which  are  set  free  within  the  cells  at  tlie  time  of  tlieir 
death.  The  process,  in  fact,  closely  corresponds  with  tlie  coagula¬ 
tion  of  fibrinogen  when  it  is  brought  into  contact  with  damaged 
tissues,  and  the  enzymes  are  probably  of  the  nature  of  thromboki- 
nase.  It  has  been  disputed  whether  this  is  exactly  what  occurs,  but 


Fig.  78. — Infarction  in  kidney  ;  the  right  half  shows  tho  apixv'U’ances  of  iiocrosod 
tissue,  the  left  half  is  unaffected,  x  (>(). 

it  can  hardly  be  doubted  that  the  process  is  allied  to  coagulation, 
and  the  term  is  a  convenient  one. 

(6)  In  the  other  type,  the  aflbcted  tissiu^  b(MH)m(‘s  so(t(MU‘(l  a,nd 
ultimately  liquefied.  To  this  process  of  sofhmiug,  Wcugiut  applicMl 
the  term  colliquative  necrosis.  It  is  seen  in  tassucs  rich  iu  iluid,  and 
notably  in  the  central  nervous  system  ;  it  is  ivally  an  instiancc^  of 
autolysis  or  self-digestion  (p.  127).  For  exanq)l(^  when  a,  nutrient 
artery  is  blocked,  the  brain  substance  loses  its  nonmil  consistiuuu^, 
becomes  pulpy  and  is  ultimately  changed  into  a  turbid  iiuid. 

On  microscopic  examination  of  a  tissue  which  has  undergone 
coagulative  necrosis,  it  is  found  that  the  cell  protoplasm  has  lost  its 
characteristic  appearance,  has  become  partly  granular  and  partly 
homogeneous  and  more  or  less  structureless,  while  its  outline  may  be 
irregular  or  broken.  Nevertheless,  the  structural  outlines  are  main¬ 
tained  in  the  dead  tissue  for  a  long  time  (Figs.  78-80)  ;  in  an  infarct 
of  the  kidney,  for  example,  the  necrosed  tubules  and  glomeruli  are 
recognisable  for  weeks  after  the  occurrence  of  necrosis.  The  nuclei 
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of  the  dead  cells  also  undergo  important  changes,  of  which  there 
are  two  main  types.  In  the  one  type,  the  nucleus  gradually  loses  its 


Fig.  Vj.— Portion  of  infarction  of  kidney,  showing  necrotic  change. 

A  glomerulus  and  tubulea  are  seen,  but  the  nuclei  have  disappeared  and  the  structural  details 
^  are  lost.  X  200. 


staining  reaction,  until  ultimately  the  whole  cell  stains  uniformly, 
though  the  outline  of  the  nucleus  may  still  he  recognisable  for  some  time. 


This  change,  as  it  is  apparently 
due  to  solution  of  the  chroma¬ 
tin,  is  called  karyolysis.  In 
the  other  type,  the  chromatin 
breaks  up  into  darkly  stain¬ 
ing  small  masses  or  granules, 
which  are  sometimes  pro¬ 
minent  just  inside  the  nu¬ 
clear  membrane  ;  later  they 
are  irregularly  arranged  in 
the  cell  protoplasm.  This 
process  is  known  as  harypr- 
rhexis  (Fig.  81).  Sometimes 
■hK’^TFromatin  becomes 
collected  into  a  few  dense 
and  deeply  -  staining  frag¬ 
ments,  the  appearance  being 
then  called  pyknosis.  These 


Fig.  so. — Coagulative  necrosis  in  infarc¬ 
tion  of  heart  muscle. 


The  dead  fibres  are  hyaline  and  structureless; 
remains  of  leucocytes  are  present  between  them. 
X  250. 


mclear  changes  also  depend 

on  the  action  of  an  intra-  . 

3eUular  enzyme  set  free  on  the  death  of  the  cell,  the  nncleo-protein 
being  gradually  split  into  simpler  compounds  and  nucleic  acid 
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being  ultimately  set  free.  The  appearance  which,  results  would  s(Mun 
to  depend,  in  part  at  least,  on  the  amount  of  chromatin  ])i\\s(mt 
in  the  nucleus.  If  this  is  relatively  scanty,  as  in  the  kidney  and 
liver  cells,  the  basophil  constituents,  to  which  the  nuclear  staining 
is  due,  diffuse  out,  and  the  appearance  of  karyolysis  results.  If,  on 
the  other  hand,  the  chromatin  is  abundant,  as  in  the  nuclei  of 
leucocytes,  karyorrhexis  is  the  common  occuriHUKU'..  Tliis,  liowever, 
is  not  the  whole  explanation  as  variations  in  the  nuclear  changes  are 
met  with  in  the  same  type  of  cell.  Granules  fornu'd  IVoin  tJie  nuclear 
disintegration,  probably  containing  a  larger  proportion  of  nucleic 
acid,  have  considerable  powers  of  persistenct^,  ami  c-a,n  ofi.on  bo  seem 

as  (Ic'eply  sIuIikmI  paj'- 
tides  in  old  necvrotic 
areas. 

In  col  I  i  (|  u  at i  v  o 
softening,  th.e  tissue 
elements  absorb  water 
and  then  disin:tograte. 
This  is  well  seen  in 
the  ceirtral  nervous 
system,  where  tlie 

myelin  eylin^  .... 

,  dSi  bccjome  irregur. . - 

larly  swollen  aaul  soon 
break  down,  fais^  ajid 
lipoids  l)eing  s(d-  fnuu 
Neuroglia  also  h(‘.- 
comes  softened  and 
ultimately  dissolved . 

In  other  words,  lytic 
processes  prod  omin- 
ate,  and  tliis  is  apt  to 
be  the  case  wlien  a 
tissue  contains  mncli 
fluid.  In.  connection 
with  the  occurrence  of  necrosis  due  to  the  stopping  of  arterial  blood 
supply,  it  is  important  to  note  that  different  cells  show  great  varia¬ 
tion  as  regards  both  the  period  and  the  degree  of  deprivation 
necessary  to  kill  them,  the  more  specialised  cells  suffering  first. 

It  has  been  found  that,  if  the  blood  supply  to  the  kidney  be  tem¬ 
porarily  stopped  and  then  restored,  the  cells  ultimately  die  if  the 
blood  has  been  cut  off  for  two  hours,  and,  in  the  case  of  the  central 
nervous  system,  a  much  shorter  time  of  deprivation,  probably  a  few 
minutes,  will  be  effective.  Again,  at  the  margin  of  an  infarct  of 
the  kidney  the  epithelial  cells  will  he  found  to  be  dead,  while  the 
connective  tissue  cells  have  survived—another  evidence  of  varying 
susceptibility.  The  use  of  the  tourniquet  in  surgical  operations  on 


Fig.  81. — Spreading  necrosis  with  karyorrhexis 
in  lymph  node  in  typhoid  fever. 

Note  destraction  of  nuclei  and  mimeroiis  deeply-stained  gran¬ 
ules  of  chromatin.  The  tissue  to  left  of  field  is  still  healtliv. 
X  500. 
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the  liiiibs  «liow8  that  deprivation  of  blood  siipplv  can  be  tolerated 
foi'  a  considerable  time,  and  the  |)eriod  is  increased  if  the  temperature 
of  tlie  linib  is  ixaluced,  e.g,  l3\^  ice  ])acks,  as  in  the  maxiagement  of 
cases  of  embolism  of  main  limb  arteries.  Deatii  of  tissue,  however, 
may  follow  if  this  is  exceeded  ;  for  example,  subsequent  necrosis  of 
muscle  has  been  observed  when  a  tourniquet  has  by  mistake  been 
left  in  position  too  long.  (See  also  ‘  crush  swdrome.’) 

Autolysis.  The  various  changes  following  death  of  cells  have 
now  been  shown  to  be  due  to  enzymes  contained  within  the  cells. 
During  the  life  of  the  cells  these  enzymes,  which  are  no  doubt  con¬ 
cerned  in  the  normal  metabolism,  have  a  balanced  or  harmonious 
working,  and  this  may  be  disturbed  by  various  causes,  the  deprivation 
of  oxygen  being  one  of  the  most  important  ;  certain  of  the  enzymes 
then  act  in  excess  and  bring  about  the  changes  described.  The  term 
autolysis  has  been  applied  to  the  digestive  softening  of  tissues  pro¬ 
duced  by  their  own  enzymes.  Such  enzymes  may  be  derived  from 
the  dead  cells  themselves — autolysis  in  the  strict  sense — or  may  be 
produced  by  other  cells,  especially  leucocytes — heteTolysis.  The 
latter  may  be  seen  often  in  comparatively  firm  tissues,  provided 
numerous  leucocytes  are  present,  and  is  the  main  feature  in  sup¬ 
puration.  The  leucocytes  produce  the  softening  by  means  of  proteo¬ 
lytic  enzymes  which  they  form  (p.  65).  Autolytic  processes  come 
into  play  after  the  death  of  the  individual,  and  bring  about  changes 
in  the  cells  and  their  nuclei,  of  nature  corresponding  to  those  seen  in 
necrosis.  A  pneumonic  lung  may  thus  become  softened  and  almost 
puriform  in  places,  and  the  softening  of  the  spleen,  which  is  often  a 
notable  feature  in  septicaemia,  is,  to  a  large  extent,  an  autolytic 
phenomenon,  occurring  post  moftem.  The  changes  seen  in  cloudy 
swelling  (p.  135)  are  accentuated  in  the  same  way ;  the  damaged  cells 
lose  the  nuclear  staining  much  more  readily  than  do  normal  cells. 


The  nature  and  effects  of  autolysis  can  be  studied  outside  the  body  by 
incubating  tissues  in  aseptic  conditions,  or  under  a  suitable  antiseptic,  such  as 
toluol,  which  does  not  injure  the  enzymes.  If  portions  of  kidney  or  liver  be 
incubated  for  varying  periods  of  time,  then  fixed  and  examined  microscopically, 
autolytic  changes,  closely  corresponding  to  those  in  necrotic  tissues,  are  seen  to 
occur.  If,  on  the  other  hand,  the  tissue  has  been  exposed  to  a  temperature  ot 
55°  C.  for  an  hour,  before  being  placed  in  the  incubator,  the  tissue  remains  almost 
unchanged,  and  the  nuclear  staining  is  retained  for  almost  an  indefinite  time. 
This,  of  course,  shows  that  the  autolytic  enzymes  are  destroyed  at  the  temperature 
mentioned.  Again,  if  the  fresh  tissue  be  placed  aseptically  into  isotonic  sahne 
and  incubated,  it  will  be  enormously  swollen  at  the  end  of  twenty-foi^  hours. 
The  explanation  of  this  is  that  the  autolysis  leads  to  breaking  down  of  the  larger 
molecules  and  consequent  increase  in  the  number  of  molecules  ;  the  osmotic 
pressure  is  thus  increased  and  fluid  passes  into  the  tissue.  If,  on  the  contrary, 
the  tissue  has  undergone  a  preliminary  heating  to  destroy  the  enzymes,  its 
volume  remains  practically  unchanged  when  incubated  in  sahne  (Crmickshan  ). 
These  results  explain  why  dead  cells  in  a  fluid  as  a  rule  become  swoUen,  but  the 
osmotic  phenomena  will  occur  only  so  long  as  the  cytoplasm  is  bounded  by 
something  corresponding  to  a  membrane.  Furthermore,  autolysis  has  been  studied 
by  chemical  methods  and  is  fomid  to  vary  in  activity  in  different  organs,  the 
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liver  being  especially  siiibibh'  for  tlie  siudy  of  I'lio  proci^ss,  owing  lo  i(,s  l•i(•lm(>s8 
ill  enzymes.  x\.iifcolysis  kanls  not-  only  to  i-lie  rorinat-ion  ol‘  prol-cosivs,  1)iil.  also 
to  the  splitting  up  of  t  lu'so  ini-o  ainino-acids.  TIk^  prcsi'iico  of  glycolytio  and 
lipolytic  enzymes  lias  been  similai’ly  demonstrafial. 

Results  of  Necrosis.  The  presence  of  a  portion  of  (kvid  tissue 
brings  about  a  reactive  process  which  leads  to  gradual  absorption; 
if  this  is  incomplete,  to  encapsulation  by  fibrous  tissue.  Leuco¬ 
cytes  are  active  producers  of  proteolytic  ferments,  and  are  the 
agents  chiefly  concerned  in  absorption.  In  cytolytic  iiccrosis  ol‘  11 
liver,  however,  the  autolytic  enzymes  of  the  dead  liver  cells  l(‘a,d  (-o 
their  digestion  and  absorption,  and  in  this  way  the  cells  rnay  (‘id-iridy 
disappear  from  certain  areas.  If  a  dead  part  is  of  considei-ahli^  sizcy 
e.g.  a  large  infarct,  complete  absorption  caiinot  be  bi’ouglit  about,  a-ud 
it  becomes  encapsulated  by  fibrous  tissue  and  tlxen  gTadually  slirinks  ; 
but  the  necrotic  remains  may  persist  for  a  long  |)eriod,  souKvlimes 
becoming  calcified.  So  also  an  area  of  necrotic  softening  in  tlic  bx'ain 
becomes  surrounded  by  a  zone  of  proliferated  neuroglia,  and,  as  tlxc 
softened  material  ultimately  becomes  liquefied,  a  cyst-like  s()ace 
results. 

Caseation.  The  term  signifies  the  process  of  becoming  cheese- 
like  in  appearance,  and  this  commonly  follows  in  necrotic  areas  of 
fairly  firm  consistence.  It  is  a  very  common  occurrence  in  tuber¬ 
culosis,  and  is  met  with  also  in  infarcts,  gummata,  in  inspissated 
collections  of  pus,  etc.  Caseous  material,  like  cheese  in  fact,  consists 
of  amorphous  protein  along  with  a  varying  amount  of  fat  in  a  very 
fine  state  of  division.  Under  the  microscojxe,  it  a-pjx^a-rs  struetiir(‘l(\ss, 
finely  granular  or  somewhat  hyaline,  and  in  it  tluax^  may  distin¬ 
guished  minute  globules  of  fat  and  gi*anul(\s  of  (diromal-iu,  (l(M’iv(al 
'fiteefij.,, from  leucocytes  which  have  waiukaxHl  into  pa,rl,.  In 
tuberculosis,  the  change  occurs  more  rapidly  tlxan  irx  otlua*  (Conditions, 
and  this  is  due  to  the  special  action  of  the  tubcu-cck^  1)a(cillus,  whi(di 
causes  a  fusion  of  the  cells  as  they  undergo  xxcce.rosis  ;  wlnaxais  in 
necrosis  produced  by  other  causes,  the  cells  uixdca'go  (lisint(\gra»tion 
less  rapidly,  and  their  structural  outlines  may  bo  rcHcoguisa-bkc  for  a, 
considerable  period.  CaseQu-s.axiateria,l  has  a,  uiarked  aninii^yjbj-  linm 

calcified  and  surroun(ied  by  a  librous 
capsule  (p.  166).  The  caseous  materkil  of  tiiherculous  h'sions  soukc-"' 
times iDecomes  softened  by  action  of  polymorpho-nuek^ar  huicoccyfc's 
and  imbibition  of  fluid,  and  may  be  changed  into  a  puli-acccous  ina-ss 
or  even  into  a  grumous  fluid.  The  extreme  example  of  tlu^  results 
of  secondary  leucocytic  action  is  seen  in  the  so-called  ^  cold  absc(\ss(cs,’ 
arising  especially  in  connection  with  tuberculosis  of  the  vertebral 
column. 

Fat  Necrosis.  This  is  a  condition  produced  in  the  adipose  tis- 
sue,  mainly  of  the  abdominal  cavity,  by  the  action  of  lipase  which 
has  been  set  free  from  the  pancreas.  SmaU  patches  of  fat  necrosis 
are  occasionally  met  with  around  the  pancreas,  in  cases  of  death 
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from  various  causes.  The  change,  however,  occurs  on  a  large  scale 
in  lesions  of  the  pancreas,  especially  acute  pancreatitis,  and  also 
after  injury  to  the  gland.  Jn  the  affected  areas  the 
t.hft  fa,t,  intn^Tyeerol  and  fattj  acids  ;  the  former  becomes  absorbed, 
whilst  the  latter  are  deposited  in  the  cell^  substance  in  the  form  joT^ 
acicular  crjT'stais.  The  affected  cells,  at  the  same  time,  uiidergo 
necrosis,  in  the  production  of  which  trypsin  is  probably  concerned ; 
and  thus  there  are  produced 
in  the  fat  scattered  patches, 
which  are  opaque  dull  yel¬ 
lowish,  sharply  defined  and 
somewhat  firmer  than  the 
normal  tissue.  Such  patches 
may  occur  in  large  numbers 
in  the  fat  of  the  mesentery, 
omentum  and  .  retro -pcrir-. 
toneal  tissue,  and  have  been 
met  with  even  outside  the 
abdominal  cavity.  On  micrQ- 
s  c  o  p  i  c  examination,  the 
"TLecrosed””  fat^  cells  have  an 
opaque  appearance  owing  to 
collections  of  crystals  of  fatty 
acids  in  their  interior,  and  a 
zone  of  leucocytic  infiltration 
may  be  present  at  their  margin  (Fig.  82).  At  a  later  period,  owing 
to  the  affinity  of  the  fatty  acids  for  calcium,  the  patches  may  under¬ 
go  calcification  and  a  fibrous  capsule  is  formed  around.  Fat  necrosis 
has  been  produced  experimentally  by  injecting  pancreatic  juice  into 
the  peritoneal  cavity  of  an  animal ;  and  it  is  not  due,  as  was  formerly 
held  by  some,  to  bacterial  action.  In  cases  of  marked  fat  necrosis, 
don  of  lipase  in  the  urine  has  been  found. 


• 

-Area  of  fat  necrosis  in  omenti^. 
The  dead  tissue  is  to  the  right  and  leucocytic 
infiltration  is  present  at  the  margin.  X  60. 


ex^IX^i 


Another  form  of  fat  necrosis  is  that  produced  by  injury  to  adipose 
tissue — traumatic  fat  necrosis.  The  necrosis  is  followed  hy  reactive^ 
processes  leading  to  a  considerable  amount  of  fibrosis  around.  It- 
occurs  especially  in  thejireast  and  is  considered  later  in  connection 
i  with  that  organ. 


GANGRENE 

The  term  gangrene  is  applied  when  a  dead  part  becomes  the  seat 
of  putrefaction ;  and  the  changes  then  occurring  in  the  dead  tissue 
correspond  with  those  met  with  in  putrefaction  outside  the  body. 
Various  bacteria  are  concerned  in  the  different  stages  of  the  breaking 
down  of  proteins,  etc.,  and  the  end  products  are  substances  of 
comparatively  simple  nature.  VolatUe  bodies  and  gases  are  formed, 
and  to  these  the  foul  odour  is  due.  The  gases,  when  they  accumulate 
in  the  tissues,  may  give  rise  to  emphysematous  crackling.  The  various 
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changes  in  colour— to  dark  brown  or  greenish  brown,  and  sonietinies 
almost  black — are  chiefly  due  to  ch^anges  in  hamioglobiii,  and  are  most 
pronounced  when  the  part  has  contained  a  considerable  amount  of  blood. 

Varieties  and  Structural  Changes.  ^.Gangrene  is  sometimes 
described  as  being  either  primary  or  secondary  hi  nature,  .^in  ,th(^_ 

former  variety . thg-g^^  to  be  killial  hy  tlie  putrefying^ 

bacteria,  whereas  in  the  latter,  death  is  produced  by  some  otluu- 
cause,  e.g.  cutting  off  of  the  blood  supply,  and  then  putrefaction  follows. 
TdrcTii^^ctlon  is  not  of  much  importance,  and,  in  fact,  the  organ  isms™” 
which  kill  the  part  are,  as  a  rule,  different  from  those  wliicli  cause  the 
putrefaction.  This  is  the  case,  for  instance,  in  tlu^  (‘ondiliou  known 
as  gas  gangrem,  an  affection  comparatively  common  in  \v'a,r  wounds 
but  also  seen  in  civil  life,  especially  after  street  aiu'.idi'niNS.  'Vho.  in  ((not¬ 
ing  micro-organisms  belong  to  the  group  of  a.naerol)i(^  (Vlostridia  of 
which  Cl.  welcMi  is  the  most  common  and  imporin,n(,  mcunlxu*.  Infec¬ 
tion  hy  these  micro-organisms  is  facilitated  by  tlu^  jir'escnux^  ol’da-magisl 
or  dead  muscle  and  by  foreign  bodies  in  the  wound,  UuS  tlu;  n(‘(*.(‘ssa.iy 
anaerobic  conditions  are  then  more  easily  established.  Idle  a.fle(d.(Ml, 
muscles  become  swollen  and  pinkish,  and  are  crepitant  owing  to  trlu^  Ibr- 
mation  of  gas  bubbles  by  the  fermentative  action  of  the  CL  toelchii  on 
the  muscle  sugar,  this  organism  having,  howcw'er,  pra.eticaJly  no  powau* 
of  breaking  down  proteins.  There  is  thus  a  rapidly  spixanling  ouicmia 
followed  by  necrosis  which,  owing  to  tlu^  sprea,d  of  tlie  ()rga,ni.sms 
within  the  sarcolemmal  sheath,  affects  a  muscde  tliroughout  its  Iimgth, 
while  neighbouring  muscles  are  unaffected.  In  the  eai'ly  si.a,g(^s  iiluvrc^ 
is  no  pus  formation  and  very  little  emigration  of  leiuxxytc^s.  Later 
the  tissues,  having  been  damaged  or  killed  by  the  action  ol‘  CL 
are  invaded  by  putrefactive  organisms  and  true  gangrenes  r(\suli.s.  All 
the  recent  work  has  emphasised  the  great  importance  of  dcwitalisaliion 
of  tissues  by  trauma,  loss  of  blood  supply  and  by  the  action  of  ba,(fl.(u'ial 
toxins  in  leading  to  the  establishment  of  anaerobic  woimd  inbxition. 
If  the  damaged  tissues  can  be  removed  surgically  and  toxic,  a.(dh)n 
controlled  by  the  use  of  antitoxic  sera,  clostridial  inlections  a,r(‘ 
unlikely  to  establish  themselves  in  the  tissues  and  gas  gangrene  can 
be  prevented. 

The  disease  called  noma  is  an  illustration  of  the  same  })rineij)U\ 
It  is  a  gangrenous  condition  which  occasionally  occurs  in  poorly 
nourished  children,  especially  after  measles  or  scarlet  fever,  or  Otlu^r 
infection;  it  begins  on  the  gum  margin  and  sjireads  to  tJie  cluxflv, 
where  an  inflammatory  patch  of  dusky  red  appearance  forms  ajid  them 
becomes  darker  hi  colour  and  ultimately  gangrenous.  The  oiiginaJ, 
necrosis  is  caused  by  a  characteristic  fusiform  bacillus,  the  tissues  them 
becommg  the  seat  of  putrefaction.  Deficient  intake  of  the  Vitamin  B 
complex,  especially  of  nicotinic  acid,  predisposes  to  the  condition. 
Inflammation  of  the  fauces  produced  by  the  diphtheria  bacillus  may, 
in  a-  similar  manner,  become  the  seat  of  gangrenous  change.  The 
occurrence  of  gangrene  is,  of  course,  favoured  by  any  condition  of 
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depressed  vitality,  and  of  this  a  noteworthy  example  is  diabetes,  in 
“^^^MdianlSammation  such  as  pneumonia  is  very  apt  to  be  followed 
by  gangrene.  Occasionally  the  entrance  of  putrid  fluids  into  the 
tissues  may  be  sufacient  to  cause  both  necrosis  and  putrefaction.  For 
example,  a  cancer  of  the  (Esophagus  may  ulcerate  into  a  bronchus 
’  and  cause  gangrene  of  the  lung ;  but  in  most  instances  of  so-called 
I  primary  gangrene,  as  has  been  stated,  the  death  of  the  tissue  is  produced 
Iby  a  definite  organism  and  putrefaction  caused  by  other  organisms 
Isupervenes. 

In  secondary  gangrene,  death  of  the  tissue  is  produced  by 
deprivation  of  the  blood  supply  or  by  chemical  action,  and  piitie- 
fyiiig  bacteria  then  invade  the  dead  part.  This  occurs  wheieve^r 
the  necrosis  involves  the  skui  surface  or  a  mucous  membrane  to 
which  there  is  access  of  the  necessary  organisms.  Thus_gan^n£^ 

of  a  lower  limb  is  not  uncommon Jn old . people^jis  .dhe„  re^ilj^^ 

afterial'TIocE^rthe^coE^  ij^sufficient.to  .kesp 

. -j s  knowm  „as  s.enile  gangrene^,  and  two  varieties 

arFriistinguished,  namely  dry  and  moisi:.  Imike  Azy  tjzp§?  ■which 
is  seen  in  those  of  spare  build  whose  tissues  contain  comparatively 
little  fluid,  the  skin  becomes  cold  and  tallowy  in  appearance,  while 
the  li^Trvndnbm  diffuses  out  along  the  veins  and  reddish- 

purple  staining  of  the  tissues.  The  colour  then  becomes  brownish 
red  and  ultimately  almost  black,  whilst  the  part  becomes  drier  and 
shrinks,  and  hence  a  condition  of  mummification  results.  At  the 
junction  of  the  living  and  dead  tissues  a  Ime  of  demarcation  becomes 
established,  and  a  process  of  slow  putrefactive  ulceration  penetrates 
the  soft  tissues  ultimately  doivn  to  the  bone.  The  moist  type  of  gmi- 
c^rene  is  seen  in  a  limb  where  there  is  abundant  fat ;  it  is  specially 
favoured  by  the  presence  of  jii  this  form  the  putrefactive 

changes  occur  more  rapidiyrand”^peE?p£fluM^  i^kpi- •  Ihei e 

is  sometimes  emphysema,  owing  to  the  formation  of  gas  by  the  putre¬ 
fying  organisms,  and  there  is  no  formation  of  a  line„.Qf^m^;^tion  ;  on 
the  contrary,  gangrenrmays^^^^yoM.^£.park:^laSili^-afe£t£d^ 
Moist  gangrene  is  the  form  met  with  in  internal  organs.  It  is  a 
common  result  when  a  portion  of  the  bowel  has  had  its  blood  supply 
cut  off  by  strangulation,  e.g.  m  a  hernial  sac.  The  first  occurrence 
I  here  is  interference  with  the  venous  return,  and  the  swelling  which  re- 
llsults  leads  ultimately  to  stoppage  of  the  circulation;  the  part  becomes 
I  hemorrhagic  and  then  gangrenous  softening  takes  place.  Gangrene  of 
Ithe  moist  type  is  met  with  also  in  the  appendix,  pancreas,  lungs,  etc. 

As  regards  the  conditions  of  occurrence  of  gangi-ene  of  a  limb  or 
part  of  a  limb,  the  following  summary  may  be  given.  The  gangrene 
most  frequently  met  with  is  of  the  senile  type  and  is  caused  by  arterial 
thrombosis  resulting  from  advanced  atheroma  or  calcification  of 
the  media  (p.  290).  In  diabetes  gangrene  is  not  uncommon  as 
the  result  of  atheroma,  which  tends  to  be  marked  in  this  disease. 
Further,  gangrene  may  occasionally  be  met  with  in  middle  adult  life, 
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and  then  it  is  usually  due  to  tliroinbo-angeitis  (p.  308),  a  d.isease  wliicli 
affects  multiple  arterial  branches,  especially  m  the  _  lower  limbs. 
Another  occasional  cause  is  the  symmetrical  spasmodic  contraction 
of  arteries  in  Raynaud’s  disease  (p.  312).  Finally,  we  may  nurntmii 
that  gangrene,  usually  of  a  finger,  may  result  Irom  tlie  ap])lication 
of  carbolic  acid  as  a  dressing.  _ 

By  atrophy  is  meant  wasting  or  diminution  in  size,  of  a  cell  or 
tissue.  In  the  case  of  an  organ  it  should  mean  wasting  of  its  essential 
tissue,  but  this  may  sometimes  be  accompanied  by  actual  increase 
in  the  size  of  the  organ,  owing  to  some  other  change.  It  is  to  be 
noted  that  an  organ  may  be  undersized  as  the  result,  not  of  atropliy, 
but  of  imperfect  development ;  the  term  hypoplasia  is  applied  to 
I  such  a  condition.  Such  hypoplasia  is  sometimes  tiaceable  to  dcfi- 
^ciency  of  endocrine  secretion,  for  example  the  hypoplasia  of  tlie 
genital  glands  which  results  from  deficiency  of  the  pituitMXSHES^ 
at  an  early  period  of  life.  In  some  cases,  however,  no  such  cause 
can  be  found.  Pathological  atrophy  has  its  prototype  in  the  pliysio- 
logical  atrophy  of  old  age,  which  affects  all  the  tissues,  and  notably 
the  bones,  lymphoid  tissue,  and  the  sexual  glands  ;  and  altliough 
some  of  the  changes  occurring  in  old  age  are  the  result  of  ai.ropliy 
of  the  gonads,  this  atrophy  in  its  turn  cannot  be  explained.  Tlu^ 
cause  of  senile  atrophy  is  of  course  merely  part  of  the  larger  question 
as  to  the  limited  duration  of  life. 

As  regards  the  changes  which  occur  in  atrophy,  there  may  some¬ 
times  be  merely  a  diminution  in  the  size  without  qualitative  change. 
Specialised  epithelial  cells,  however,  tend  to  lose  their  special  features 
and  to  become  dedifferentiated,  as  may  be  seen  in  local  atrophic  changes 
in  the  liver  and  kidneys.  Atrophy  is  not  infrequently  accompanied 
by  accumulation  of  yellowish-brown  pigment  of  lipoidal  nature  (p.  163). 
The  term  brown  atrophy  is  applied  to  this  condition,  which  tends  to 
be  more  pronounced  in  the  later  years  of  life. 

Causes  of  Atrophy  *M-Defective  Supply  of  Nutriment,  This  may 
be  produced  locally  by  arterial  disease  interfering  with  the  supply  of 
blood  to  a  part,  when  the  interference  is  not  of  a  degree  sufficient 
to  cause  necrosis.  The  important  elements  of  the  tissue  then 
undergo  atrophy,  and  sometimes  there  is  also  a  concomitant  over¬ 
growth  of  the  connective  tissue,  the  condition  being  then  called 
Poroid  atrophy.  This  is  often  well  seen  in  the  heart  wall,  and  in 
the  kidneys,  where  small  atrophic  depressions  result  from  narrowing 
of  the  lumina  of  the  small  arteries.  When  there  is  atrophy  of  the 
muscle  cells  of  the  walls  of  arteries,  the  overgrowth  of  connective  tissue 
becomes  very  marked,  and  this  is  probably  to  be  regarded  as  of  com- 
l;pensatory  nature  since  it  gives  support  and  prevents  dilatation.  What 
|may  be  called  a  general  atrophy  is  seen  in  cases  of  starvation.  The 
I  emaciation  depends  chieffy  upon  a  using  up  of  the  fat  of  the  adipose 
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tissue  but  there  is  also  a  general  wasting  of  the  tissues.  The  various 
organs  may  thus  become  diminished  in  weight,  the  Ijver  and  splegn  are 
markedly  affected,  the  kidneys  and  heart  to  a  less  though  distinct 
degree,  whilst  the  central  nervous  system  is  only  sHghtly  affected. 

In  the  great  majority  of  cases  of  wasting  disease,  however,  such  as 
•malignant  growths  of  the  alimentary  tract,  chronic  tuberculosis  or 
\feuppuration,  etc.,  a  toxic  element  is  concerned  in  the  production  of  the 
1  Vasting.  Various  degenerations  may  thus  come  to  be  associated  with 
atrophy,  and  secondary  anaemia  is  present,  the  latter  condition  being 
absent  or  little  marked,  in  pure  cases  of  starvation.  The  term  cachexia 
is  often  applied  to  a  combination  of  wasting,  anaemia  and  weakness. 

(S  Diminished  Functional  Activity.  It  is  a  general  law  that  diminu¬ 
tion  in  the  katabolic  processes  leads  to  anabolism  below  the  normal 
and  thus  to  diminution  in  the  size  of  cells.  When  the  function 
of  a  part  is  in  abeyance  the  blood  supply  also  is  diminished,  and  it 
might  be  supposed  that  this  is  the  cause  of  atrophy.  The  con¬ 
verse  condition  of  hypertrophy,  however,  is  due  to  the  mcreased 
metabolism  and  not  to  the  accompanying  hyperamia,  and  accord-^ 
ingly  it  is  likely  that  atrophy  depends^oiLJlmai§he.dmeta|^ 

This  inactivity  or  disu^  atrophy,  as  it  is  sometimes  called,  is  seen 
when  a  gland,  for  example  the  pancreas,  has  its  duct  obstructed  ;  its 
functional  activity  is  thus  stopped  and  it  undergoes  atrophic  change. 

In  a  corresponding  manner,  tubules  of  the  kidney  undergo  atrophy 
when  their  glomeruli  are  thrown  out  of  action.  The  mmcles 
around  a  joint  which  has  been  fixed  for  some  time  may  undergo 
marked  atrophy  and  the  bones  also  may  be  affected.  The  changes 
in  the  muscles,  however,  occur  sometimes  so  rapidly  that  m  ad  i- 
tion  to  inactivity,  a  reflex  trophic  effect  may  be  concerned.  Unless 
such  atrophy  has  gone  on  to  an  extreme  degree  the  condition  is  revers- 
ible,  and  full  functional  activity  may  be  restored. 

(S)  Interference  with  the  Nerve 
'^Supply.  This  form  of  atrophy 
is  seen  where  there  is  any  de¬ 
structive  lesion  of  the  lower 
motor  neurons  or  their  axons, 
the  motor  nerves  ;  these 
lesions  will  be  described  later. 

In  this  type,  which  may  be 
called  neuropathic  atrophy, 
there  is  not  only  a  simple 
wasting,  but  also  more  active 
degenerative  changes  in  the 
nerve  fibres  and  muscles.  In 

the  former  the  well-known  _ ^ 

Wallerian  degeneration  takes  83^— Atrophy  of  voluntary  muscle 

place,  in  which  the  myelin  ^  of  chronic  neuritis,  with 

breaks  down  into  fatty  increase  of  interstitial  tissue.  X  250, 


134  TEXT-BOOK  OP  PATHOLOGY 

globules,  whilst  in  the  latter,  fatty  degeneration  also  occurs,  and 
this  is  followed  by  absorption  of  the  sarcous  substance  and  in¬ 
crease  of  the  interstitial  connective  tissue  (Fig.  83).  That  this^ 
form  is  different  in  nature  from  inactivity  atrophy  is  sliown  by| 
the  electrical  ‘reactions  of  degeneration’  which  are  given  by  tliei 
muscles,  and  when  these  have  undergone  this  atrophic  claiiige  al 

complete  return  to  normal  is  no] 
longer  ]30ssible.  Sometimes  iri a:i*ked  | 
atrophy  occurs  also  in,  tiie  bones 
fr*om  the  same  causes ;  for  example, 
in  cases  of  infantile  j)aralysis,  tlio 
bones  of  the  limb  may  become 
thin  and  light,  and  this  a])pe{irs  to 
be  due  not  simply  to  inactivity/^ 
but  to  a  true  troj)hi(*.  (listin*ba.n(U‘ 
(Fig.  84).  In  a  (^cM-tain  group  ol‘ 
muscular  atropines,  liowever,  no^ 
lesion  can  be  found  in  the  luvurons' 
or  in  the  nerves,  and  the  teinn 
primary  myopathy  or  rmisoifla}  ^ 
dystrophy  is  often  applied.  In 
one  variety  the  muscles  become^ 
greatly  shrunken,  whilst  in  anotlier 
they  are  increased  in  size  owing  to 
extensive  accumulation  of  fat  lav 
tween  the  atrophic  fibres  (Fig.  bOb). 
To  this  latter  variety  tlieterni  ps‘e/a^o- 
hypertrophic  ni/immla/r  dystrophy  is 
given.  / 

@>  Deficiency  of  the.  Endoc/rmm 
Glands,  The  effecits  of  this  are  sewn 
mainly  when  deficiency  ociciirs  at 
an  early  period  of  life,  so  that 
the  full  development  of  tlie  l)ody  is 
interfered  with  and  thus  lvypo|)lasia 
Fig.  84.— Tibia  and  fibula  from  a  results.  This  is  especially  .seen  in 

ease  of  long-standiug  infantile  deficiency  of  the  thyroid  and  of  the 

pituitary.  A 

The  tibia  is  shown  also  in  section.  striking  example  of  true  atrophy 

in  the  adult,  however,  is  seen 
in  myxoedema  due  to  thyroid  deficiency.  In  this  affection  there 
oceiirs  marked  atrophy  of  the  structures  of  the  skin-hair  follicles, 
sweat  glands  and  sebaceous  glands,  hut  structure  and  function  may 
be  restored  by  oral  administration  of  thyroid. 

Toxic  Action,  The  best  example  of  this  is  probably  the  wasting  of 
the  muscles  in  fevers.  No  doubt  inactivity  and  interference  with 
nutrition  also  play  a  part,  but  it  is  probable  that  the  wasting  repre- 
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sents  chiefly  a  using  up  of  proteins,  as  is  indicated  by  the  increased 
excretion  of  increased  protein  metabolism,  as  will 

be  shown  in  a  later  chapter,  is  one  of  the  characteristic  features  of 
fever  and  is  generally  regarded  as  the  result  of  toxic  action,  though 
the  whole  question  is  still  somewhat  obscure.  Other  tissues  may 
suffer  atrophy  in  a  corresponding  way,  but  in  the  organs  the  chief 
changes  are  of  a  more  pronounced  degenerative  nature  cloudy 
swelling,  fatty  degeneration  ot  actual  necrosis  of  a 
^  (xirop/iy  is  also  described.  The  pressure  must  be 

of  a  continuous  nature,  and  it  acts  mainly  by  interfering  with  the 
blood  supply  and  also  the  functions  of  a  tissue.  Thus  atrophy  of 
the  organs  may  be  brought  about  by  pressure  of  simple  tumoius, 
cysts  and  the  like.  Even  bone  may  undergo  atrophy  from  such  a 
cause,  but  in  this  instance  it  is  not  a  case  of  simple  wasting,  but 
rather  one  of  active  absorption  of  the  bone  by  cellular  activity, 
osteoclasts  being  concerned  in 


the  process. 

The  above  is  merely  a  sur¬ 
vey  of  the  subject  of  atrophy, 
which  will  be  illustrated  further 
in  connection  with  disease  of 
the  different  systems.  It  will 
I  be  clear  from  what  has  been 
I  stated  that  atrophy  is  in  many 
I  instances  a  complex  process  and 
I  cannot  be  ascribed  to  any  single 
I  cause. 
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Fig.  85. — Section  of  normal  human  kid¬ 
ney,  to  compare  with  Fig.  86.  X  250. 


This  condition,  which  is 
known  also  as  albuminous  or 
parenchymatous  degeneration, 
may  be  regarded  as  one  of  the  earliest  indications  of  structural  damage 
to  the  cell.  The  change  tends  to  be  most  marked  in  specialised  cells, 
e.g.  those  of  the  kidney  and  liver,  muscle  fibres  of  the  heart,  etc. 
The  commonest  causes  are  bacterial  and  other  infections  wdth  fever 
—septicemia,  pneumonia,  typhoid  fever,  etc.,  but  it  is  produced  also 
by  various  poisons  such  as  carbolic  acid,  corrosive  sublimate,  etc., 
and  it  is  a  general  precursor  of  fatty  degeneration  (p.  137).  If  the 
affected  cells,  say  those  of  the  liver,  are  examined  in  the  fresh 
condition,  they  are  found  to  be  enlarged  and  more  spherical  than 
usual,  and  the  protoplasm  has  a  cloudy  appearance  owing  to  the 
presence  in  it  of  numerous  small  granules,  which  often  obscure  the 
nucleus.  These  granules  are  largely  soluble  in  weak  acetic  acid 
and  in  weak  alkalis  and  are  regarded  as  of  protein  nature.  ^  They 
may  be  accompanied  by  small  droplets  of  serous  fluid  or  of  lipoids, 
and  all  stages  to  fatty  degeneration  may  be  met  with.  These  droplets 
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or  globules  are  often  a  prominent  feature  in  the  cells  of  the  convoluted 

tubules  in  the  kidney,  and.  the 


Fig.  86. — Cloudy  swelling  of  fubules  of 
kidney,  showing  the  granularity  and 
projection  of  the  cells.  X  250. 


free  extremities  of  the  (H3lls 
a.re  often  broken  of!,  so  that 
the  lumen  contains  granular 
material  (Fig  86). 

The  a])peara.iiees  of  cloudy 
sAvelling  are  miicli  (\\<igg(M'ated 
when  there  is  tinu^  for  auto- 
lytic  process(\s  t^o  occur  after 
death  ;  in  fa,c(r  th(‘  tissiuhs  as 
ordinarily  obtahnnl  a,t  a  post¬ 
mortem  exaan illation  are  qiiitf^ 
imsuitaJ)l(^  for  tlu^  study  of 
the  liiHU'  lvistologi(*aJ  (k^tails. 
The  swelling  of  tli(3  cc^lIs, 
which  varies  in  (!(‘gr(M‘,  is  prob¬ 
ably  an  osmotic  plxMionumon 
due  to  increascal  mol(‘cnlar 


content,  from  breaking  down  of  the  larger  molecules.  Thc^  grivnuk^s 


represent  mainly  a  disin¬ 
tegrative  or  degenerative 
effect  which  may  be  followed 
by  the  appearance  of  fatty 
or  other  glohnles.  Lorrain 
Smith  and  Rettie  have 
shown  that  the  earliest 
change  in  cloudy  swelling 
occurs  in  the  mitochondria, 
which  lose  their  filamentous 
structure  and  form  granules 
which  come  to  stain  like 
lipoids.  They  have  found 
this  to  be  the  case  in  the 
action  of  a  variety  of  poisons, 
and  their  results  are  of 
importance  in  demonstra¬ 
ting  the  first  signs  of  damage 
to  the  cells.  In  post-mortem 
material  many  of  the 
granules  present  do  not  give 
the  reaction  of  lipoids,  and 
they  regarded  these  as  being 
the  result  of  autolysis.  The 
,  relation  of  the  granules 
soluble  in  weak  acid  to  the 
lipoid  granules  is,  however, 


FiGt^87. — Serous  or  dropsical  dogonoro-tion,  of 
epithelial  cells,  of  inflammatory  nature  ; 
the  cells  are  distended  with  rounded  col¬ 
lections  of  fluid. 

From  a  case  of  acute  inflammation  of  the  larynx. 
X  250. 

not  yet  clear.  In  addition  to  fatty  de- 


/ 
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generation,  cloudy  swelling  may  be  followed  by  actual  necrosis  of  the 
cell  with  the  usual  nuclear  changes.  On  the  other  hand,  when  recovery 
tfom  the  disease  occurs,  there  is  no  doubt  that  the  cells  may  return  to 
normal.  Organs  in  a  state  of  cloudy  swelling  are  usually  somewhat 
swollen  and  softened,  and  tend  to  have  a  pale  pinkish  and  rather 
blurred  appearance,  sometimes  compared  to  that  of  scalded  or 
parboiled  meat. 

Closely  allied  to  cloudy  swelling  is  serous  or  dropsical  degeneration, 
which  often  occurs  when  cells  are  acutely  injured.  It  is  really  an 
oedema  of  cells,  probably  due  to  formation  of  smaller  molecules 
and  increased  osmotic  pressure  in  the  cell  protoplasm,  with  conse¬ 
quent  absorption  of  fluid.  The  change  is  well  exemplified  in  the  skin 
epithelium  in  burns,  and  in  acute  infections  such  as  anthrax  and  small¬ 
pox.  The  cellsTh  such  conditions  become  greatly  distended  with  fluid 
(Fig.  87),  and  may  actually  burst ;  there  is  also  accumulation  of  fluid 
between  the  cells.  Dropsical  degeneration  is  common  in  cells  l^  ing 
free  in  a  fluid. 


FATTY  CHANGES 

Disturbances  of  the  metabolism  of  fat  forms  a  very  important 
subject  in  pathology.  The  teims  fatty  degeneration  fatty  infiltration 
have  long  been  in  common  use  to  indicate  two  different  conditions. 
The  former  has  been  ordinarily  accepted  as  meaning  the  accumulation 
of  fat  in  degenerated  or  damaged  cells,  the  latter  as  meaning  an 
excessive  accumulation  of  fat  in  cells  not  obviously  abnormal  other¬ 
wise,  especially  in  the  comiective  tissues  and  in  the  liver.  The  latter 
condition  might  better  be  called  pathological  adiposity,  for  the  older 
nomenclature  has  become  unsatisfactory  in  view  of  more  recent  work 
which  shows  that  practically  all  the  fat  seen  in  fatty  degeneration  is 
infiltrated  fat.  There  is  also  new  light  on  the  whole  process  of  fat 
metabolism  in  ceUs,  which  renders  impossible  any  precise  separation 
of  the  two  processes,  at  least  in  relation  to  the  liver  and  probably 
other  parenchymatous  organs. 

Normally  fat  is  stored  in  the  body  in  the  adipose  tissues,  which  act 
as  depots  ;  these  are  not,  however,  static  but  are  contmuously  active, 
fat  being  deposited  when  food  intake  leaves  a  surplus  over  energy 
demands,  and  being  mobilised  from  them  as  required.  The  fat  is  then 
transported  in  the  blood  to  the  liver  where  it  is  further  metabolised. 
In  addition  to  this  labile  fat  the  tissues  contain  a  certain  amount  of 
fat  which  is  not  histologically  demonstrable  but  can  be  extracted 
by  chemical  means—the  so-called  masked  fat  or  essential  fat.  It, 
was  formerly  thought  that  liberation  of  this  masked  fat  took  place 
so  that  it  became  visible  in  the  cells,  a  process  called  fat  phanerosis, 
and  this  was  supposed  to  be  the  basis  of  fatty  degeneration  in  many 
cells.  This  view  is  no  longer  tenable,  and  it  is  now  beheved  that  in 
all  cases  the  appearance  of  histologically  demonstrable  fat  within  cells 
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is  due  to  the  incomplete  utilisation  of  ti*aiispoide(i  fa,t  wliidi  i^luis 
accumulates  in  visible  toi’ni. 

As  indicated  above,  iiornially  tlie  liver  ta.kes  a,n  im  j)oi’ta,nt  j)art 
in  the  intermediate  metabolism  of  fat ;  by  piiosplioryiation  it/  converts 
neutral  fat  to  phosphatides,  a  process  requiring  arieqiiate  siipplics  of 
phosphoric  acid  and  choline.  Lack  of  choline  is  soon  followed  by 
great  accumulation  of  fat  in  the  liver  cells  due  to  (hdicicmt,  phosphory¬ 
lation  and  consequent  lack  of  oxidation.  Tin’s  seqmMUie  wa,s  fn“st 
observed  in  the  livers  of  dogs  rendered  diabetic  by  i*(‘rnova/l  of  tlu^ 
pancreas  and  later  it  was  shown  that  aclministration  of  (‘Jioliim  i)rougbt 
about  removal  of  the  stored  fat.  Eurther  studies  proved  tha-t  c,a,s(u'n 
in  the  diet  is  also  effective  in  preventing  fatty  (duingn,  ap[)a,r(Mitly 
owing  to  its  methionine  content  which  supplies  tlu^  bibih'  uud/hyl 
groups  necessary  for  the  synthesis  of  choline  and  ultiina/tc^ly  ol;  l/lu', 
choline-phosphoric  acid  phosphatides  from  neutral  fat.  ( lysti  iu\  on  t/lu^ 
other  hand,  exaggerates  the  degree  of  fatty  change^ ;  th(‘  sulphydril 
gi'oups  are  therefore  not  the  essential  elements  in  this  (as(v  A  died/  low 
in  protein  but  rich  in  carbohydrate  and  hit  can  thus  prodmu^  imirkenl 
fatty  infiltration  of  the  liver  by  depriving  the  liver  cedis  of  tln.^  a,miii()- 
acids  essential  for  synthesis  of  enough  choline  to  cnsuir^  ti’a.usj)ort/a,f/i()ii 
of  phosphorylated  fat  from  the  liver.  Substanc.es  whicli  thus  (‘.ontrol 
the  discharge  of  fat  from  the  liver  are  called  lipotropic 
With  this  preliminary  survey  we  may  now  consider  the  lesions  forind 
in  man. 

Pathological  Adiposity  (Fatty  Infiltration).  In  this  con¬ 
dition  there  is  an  increase  of  fat  in  the  tissues  which  normally  store 
fat,  whilst  there  is  no  evidence  of  damage  to  the  cells.  These  ai’c 
chiefly  the  adipose  tissues  and  the  liver  parenchyma,  though  in  certain 
animals  fat  accumulates  also  in  the  kidneys.  Abnormal  accumulation 
of  fat  in  these  situations  might  theoretically  be  due  to  increased 
assimilation  of  fat  or  to  diminished  oxidation,  hut  these  are  offen 
combined. 

Obesity  or  excessive  fat  in  the  connective  tissues  occurs  from 
excess  of  fat  and  carbohydrates  in  the  diet,  especially  when  this  is 
associated  with  want  of  exercise.  But  in  addition  there  is  a  habit 
of  body  which  tends  to  obesity,  though  the  nature  of  this  cannot  be 
explained.  It  is  further  to  be  noted  that  this  tendency  may  be 
acquired  after  passing  through  a  severe  illness,  especially  typhoid,  fcvor. 
In  this  connection  it  is  suggestive  that  certain  of  the  endocrine  ghinds 
have  an  influence  on  the  storing  of  fat.  Damage  to  the  hypothalamus 
with  deflciency  of  pituitary  secretion  in  early  life  leads  to  adij,)osity, 
along  with  failure  in  sexual  development,  and  there  is  evidence  thu/t 
some  forms  of  obesity  in  the  adult  are  of  similar  causation.  So  also 
in  sporadic  cretinism,  due  to  thyroid  deficiency,  there  occur  irregular 
accumulations  of  fat  in  the  subcutaneous  tissue. 

Fatty  Infiltration  of  the  Heart  is  essentially  a  local  adiposity  or 
lipomatosis  of  the  epicardial  tissue,  though  it  is  not  always  propor- 
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tionate  to  the  amount  of  fat  elsewhere,  being  sometimes  well  marked 
when  there  is  comparatively 


Fig. 


s/ 

88. — Fatty  infiltration  (lipomatosis) 
of  heart  muscle,  showing  infiltration  of 
fat  cells  around  blood  vessels  and  between 
muscle  fibres,”  the  latter  becoming  atro¬ 
phied.  X  60. 


little  obesity.  The  fat  ex¬ 
tends  along  the  lines  of  con¬ 
nective  tissue  through  the 
heart  wall,  and  leads  to 
atrophy  of  the  muscle  fibres, 
and  consequent  weakening 
of  the  wall  (Fig.  88). 

Fatty  Infiltration  of  the 
Liver  is  an  exaggeration  of  a 
normal  process.  (The  foie 
gras  of  the  goose  is  a  well- 
known  example.)  It  occurs 
in  general  obesity,  but  may 
be  marked  in  certain  other 
conditions.  The  accumula¬ 
tion  of  fat  usually  begins 
and  is  greatest  in  the  liver 
cells  round  the  portal  tracts 
(Fig.  89) ;  thence  it  extends 
inwards,  and  in  severe  cases 

the  whole  lobule  may  be  infiltrated.  The  fat  appears  first  as  a 
few  small  globules  which  run  together,  and  ultimately  the  cell 

becomes  distended  with  a 
single  large  globule  of  fat, 
while  the  nucleus  is 
flattened  and  pushed  to 
one  side.  In  extreme  cases 
almost  every  liver  cell  is 
distended  with  a  fat  globule, 
the  microscopic  appearance 
coming  almost  to  resemble 
adipose  tissue.  When  there 
is  great  accumulation  of 
fat  the  liver  becomes  much 
enlarged,  greasy  and  of 
yellow  colour.  Such  a  con¬ 
dition  is  met  with  in  chronic 
alcoholism,  where  inter¬ 
ference  with  the  oxidation 
of  fat  occurs,  probably  in 
consequence  of  dietary  de¬ 
ficiency  in  protein  with  con¬ 
sequent  inadequate  intake  of  lipotropic  factors. 

Fatty  infiltration  of  the  liver  may  also  be  produced  by  metabohc 
disturbance.  For  example,  Dible  has  shown  that  it  results  from 


Fig.  89.— Fatty  infiltration  of  liver,  stained 
with  perosmic  acid. 

Note  the  large  globules  of  fat  especially  at  the  peri¬ 
phery  of  the  lobules.  ’ 


X  50. 
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starvation  and  in  this  case  is  due  to  an  excessive  t:ransf(:u;eiice  of  hit 
from  the  depots  of  fat  in  the  tissues.  The  amount  in  the  li  ver  roughly 
corresponds  with  the  amount  of  depot  fat,  and  when  the  latter  becoines 
exhausted  in  the  later  stages  the  liver  fat  becomes  greatly  reduced. 
Carbohydrates  are  known  to  be  necessary  for  the  oxidation  of  fat 
and  carbohydrate  deficiency  may  thus  contribute  to  the  accinnuhition 
of  fat  in  the  liver  in  inanition.  In  this  way  too  the  ketosis  with 
presence  of  acetone  bodies  in  the  urine  occurring  in  such  states  may 
have  its  explanation.  The  presence  of  excess  of  fat  in  the  liver  found 
at  post-mortem  examinations  may  accordingly  simply  dej)end  on  a 
state  of  malnutrition  before  death  ;  probably  the  fatty  clu'ingc^  in  the 
liver,  sometimes  seen  in  pulmonary  phthisis,  is  of  tliis  iKitiUix'. 

Fatty  Degeneration  is  a  condition  in  which  there  is  daimige 


Fia.  90. — Fatty  degeneration  of  heart  muscle,  stained  with  perosmic  acid. 

Xote  the  very  numerous  minute  nodules  arranged  in  rows  :  the  transverse  striation  Is  well 
preserved.  (Prof.  J.  Shaw  JDunn.)  x  400. 

to  cells,  accompanied  by  the  appearance  of  droplets  of  fat  in 
the  cytoplasm.  The  fat,  even  in  an  advanced  stage,  tends  to  be  in 
the  form  of  minute  globules  which  have  little  tendency  to  run  together, 
or  in  other  words,  constitute  a  sort  of  coarse  emulsion.  The  affected 
cells  may  be  swollen  but  are  usually  not  greatly  enlarged.  In  the 
fatty  degeneration  produced  by  phosphorus  poisoning,  however,  the 
cells  of  the  liver,  for  example,  are  considerably  enlarged  owing  to 
the  addition  of  fat  to  them.  The  fatty  material  mainly  consists  of 
the  ordinary  neutral  fats-»glyee^^^^  of  palmitic,  stearic,  and  oleic 
acid  the  last-mentioned  is  always  present,  and  many  of  the  micro- 
chemical  tests  depend  on  its  non-saturated  grouping.  Free  fatty  acids 
may  be  present  and  various  intracellular  substances  which  are  soluble 
m  ordinary  fat  solvents  and  are  ordinarily  spoken  of  as  lipoids.  Of 
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the  lipoids  the  most  commonly  occurring  and  of  widest  distribution 
are  cholesterol  esters.  These  are  considered  later. 

The  cells  most  frequently  affected  by  fatty  degeneration  are 
those  with  the  most  specialised  function,  such  as  secreting  cells, 
muscle-cells  of  heart,  etc.  (Figs.  90,  91);  but  practically  any  cell  in 
the  body  may  be  the  seat  of  the  change  in  certain  conditions.  For 
example,  in  phosphorus  poisoning  fatty  degeneration  is  often  very 
widespread  and  may  affect  the  endothelium  of  capillaries,  connective- 
tissue  cells,  etc. 

Naked -Eye  Changes.  An  organ  which  is  the  seat  of  fatty 
degeneration  becomes  paler  and  of  yellowish  tint,  in  proportion  to  the 
degree  of  the  change.  When  the  degeneration  is  general  the  yellowish 
colour  is  diffuse,  but  when  it  is  uneven  in  distribution  a  yellow  mottling 


Fig  91  — Fatty  degeneration  of  tubules  of  kidney,  stained  with  perosmic  acid. 

(J.  S.  D.)  X  400. 

results.  The  latter  is  a  marked  feature,  for  example,  in  the  fatty 
heart  due  to  anemia  and  also  in  the  fatty  degeneration  of  the  kidneys 
secondary  to  nephritis.  If  the  change  be  very  marked  the  cut  surface 
of  the  organ  may  be  distinctly  greasy  in  character.  It  must  be  recog¬ 
nised,  however,  that  a  considerable  amount  of  diffuse  fatty  change  may 
be  present  in  an  organ  without  distinct  alteration  in  the  appearance, 
especially  when  the  organ  contains  much  blood  ;  and  the  true  con¬ 
dition  can  be  ascertained  only  on  microscopic  examination.  Care 
should  be  taken  not  to  infer  the  presence  of  fatty  degeneration  merely 
from  the  pallor  of  ansemic  organs. 

Fatty  degeneration  is  usually  regarded  as  implying  a  diminution 
of  the  functional  capacity,  but  as  there  is  always  a  reserve  power 
the  effect  may  be  little  apparent.  A  heart  which  is  the  seat  of  fatty 
degeneration  may  thus  act  fairly  well  in  ordinary  conditions,  but  it 
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may  suddenly  fail  when  a  strain  is  thrown  on  it.  In  pernicions 
anaemia  the  tubules  of  the  kidneys  may  be  in  a  sta.te  of  marked 
degeneration  without  there  being  any  distinct  cha.ngo  in  thc^  nvino. 
Cells  in  a  condition  of  tatty  degeneration  may  not  be  |)ei’riia»nently 
damaged  and  the  condition  may  be  reversible  wlicai  tlie  eaiisci  is 
removed. 

Tests  for  FatP  These  depend  partly  on  ])iiysi{'al  and  part  ly  on  cIuMuienl 
properties.  The  following  are  those  most  frequeid.ly  uschI  :  (1 )  Tlu^  fjit  is  dissoha'd 
out  of  the  tissues  by  the  ordinary  fat  solvents- — ethei’,  Ixar/ol,  ea.i'bon  disulpliicb^, 
etc.;  accordingly  in  paraffin  sections  minute  circular  spacers  rt^pr(^s(Ml(.  tha  sites 
of  fatty  globules  dissolved  oixt  in  the  embedding  [)i-()(‘(«s.  W'Ihmi  tlu^  fat  is  finely 
divided  it  can  be  recognised  only  by  the  positive  siiaitiing  inc'thods  indieatod 
below. 


(2)  Tat  is  stained  black  by  a  watery  solution  or  perosmic  acid.  'This  (t^pcanls 
on  the  reduction  of  the  acid  by  the  unsaturated  ofa'ii  a, ad  a,  i)laek  d(q)osii.  forais, 
chiefly  on  the  surface  of  the  globxdes.  Themy(‘]in  of  nuMlallated  fibres  and  also 
degenerated  myelin  are  stained  in  this  way,  but  the  Litter  is  less  (easily  oxidised 
than  the  former.  Accordingly,  when  treated  for  a,  (fme  by  a, a  oxidising  agent 
such  as  potassium  bichromate  (generally  used  as  Miiller’s  fluid),  luvilfhy  myt'Iia, 
owing  to  complete  oxidation,  no  longer  reduces  and  is  not.  s(ia,in('(l  by  ixa-osaiie 
acid,  while  the  degenerated  myelin  still  reduces  and  is  stafaial  bhiek.  This  is 
the  basis  of  Marchi’s  and  allied  methods  for  tracing  clt'ga'iu'raTed  f.racfs  in  the 
central  nervous  system. 

(3)  Fat  is  readily  coloured  by  certain  aniline  dyes  of  the  azo  series.  These 
dyes,  of  which  Sudan  III,  scharlach-rot  and  fett-pon^eau  are  the  most 
used,  are  chiefly  reds  and  yellows,  and  their  staining  property  depends  on  their 
extreme  solubility  in  fat.  The  fat  globules,  in  fact,  come  to  be  droplets  of  con¬ 
centrated  solution  of  the  dye  and  thus  appear  coloured. 


Causes  of  Fatty  Degeneration.  These  are  very  miiiKirouH,  luit 
they  fall  chiefly  into  two  great  groups,  viz.  (a)  iiitcrfercucc  with 
nourishment  and  especially  with  oxygen  supply,  and  (b)  the  action 
of  various  poisons.  To  these  may  be  added  a  third,  (c)  interruption  of 
the  nerve  supply  to  a  part ;  this  may  be  said  to  result  in  iu'ur'o|)al.liic 
fatty  change  in  nerve  and  muscle. 


(a)  Diminished  oxidation  appears  to  have  a  close  relation  to  tlie 
occurrence  of  fatty  degeneration.  Thus  the  change  is  of  common 
occurrence  throughout  the  organs  in  severe  ansemias.  It  is  specially 
marked  in  pernicious  anaemia,  and  its  distribution  in  certain  situations 
suggests  a  relationship  to  diminished  oxygen  supply.  Thus  in  the 
liver  it  occots^  especially  in  the  central  zone  of  the  lobules,  while 
in  the  heart  it  is  more  marked  in  parts  farthest  from  the  arterioles, 
that  is,  it  is  pararterial  in  distribution.  Fatty  degeneration  occurs 
also  in  anaemia  produced  by  hemorrhage.  Local  fatty  degeneration 
may  he  caused  by  interference  with  the  blood  supply  by  arterial  disease ; 
for  mstance  in  the  heart,  by  narrowing  of  a  branch  of  a  coronary 
artery  It  has  also  been  produced  in  this  way  experimentally,  e.g. 
in  the  liver  by  ligature  of  the  hepatic  artery.  Further,  it  is  met  with 
in  imperfectly  nourished  tissues,  e.g.  in  tumours;  in  collections  of 
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desquamated  cells,  e.g.  in  nephritis  ;  in  pus  of  old  standing,  etc., 
though  in  certain  of  these  conditions  the  possibility  of  toxic  action 
cannot  be  excluded. 

(6)  Poisons  which  produce  fatty  degeneration  are  of  various 
kinds  ;  they  may  be  simple  chemical  substances  of  known  constitution, 
or  they  may  be  bacterial  or  other  toxins.  Of  the  former,  phosphorus, 
arsenic  and  chloroform  are  well-known  examples,  and  have  been 
largely  employed  in  the  experimental  investigation  of  the  subject. 
It  appears  that  many  poisons,  e.g.  chloroform,  arsenic,  etc.,  affect 
the  liver  cells  also  through  damage  to  their  enzyme  systems  by  com¬ 
bining  with  the  highly  reactive  sulphydryl  groups  and  thus  inactivat¬ 
ing  them.  A  notable  example  of  the  significance  of  the  — SH  groups 
is  seen  in  the  curative  effects  of  the  dithiol  compound  2,3-dimer- 
captopropanol,  known  as  B.A.L.,  in  poisoning  with  arsenical  and 
mercurial  compounds,  the  toxicity  of  which  probably  depends  on 
union  with  the  essential  SH  groups  of  the  tissues.  Wliipple  and  his 
co-workers  have  established  that  proteins  rich  in  methionhie  and  cystine 
protect  the  liver  against  chloroform,  arsenic  and  other  poisons,  appar¬ 
ently  by  restoring  the  essential  SH  gi'oups  to  the  depleted  liver- cell 
systems.  Then,  again,  the  toxins  of  a  great  many  bacteria  produce 
fatty  degeneration  ;  in  fact,  it  is  the  common  result  when  cloudy 
swelling  has  lasted  for  some  time.  Thus  it  is  frequent  in  septiceemias 
and  in  the  various  infective  fevers — typhoid,  smallpox,  yellow  fever, 
diphtheria,  etc.  It  can  be  produced  by  the  injection  of  diphtheria 
toxin,  and  this  also  has  been  used  as  a  means  of  study.  The  dis¬ 
tribution  is  usually  of  a  more  diffuse  character  than  that  seen  in  the 
fatty  degeneration  of  anaemia. 

(c)  Lesions  of  Nerves,  When  the  continuity  of  a  nerve  is  inter¬ 
rupted,  Wallerian  degeneration  occurs  in  the  distal  segment,  and  the 
globules  which  are  set  free  from  the  myelin  give  pretty  much  the 
reactions  of  the  ordinary  neutral  fats,  being  stained  by  Mar  chi’s 
method.  The  change  is  probably  the  result  of  an  autolytic  process 
which  begins  in  the  degenerating  axons.  Fatty  degeneration  may 
follow  also  in  the  associated  muscle  fibres. 

Nature  of  Fatty  Degeneration.  The  view  of  Virchow,  according 
to  which  the  change  consists  in  a  formation  of  fatty  globules  from  the 
cell  proteins,  is  no  longer  tenable  even  in  the  modified  form  known  as 
fat  phanerosis.  Largely  owing  to  the  work  of  Rosenfeld  it  had  come 
to  be  believed  that  there  were  two  main  types  of  fatty  degeneration. 
{a)  The  cells  are  damaged,  e.g.  by  a  poison  such  as  phosphorus,  and 
then  there  occurs  in  them  an  accumulation  of  fat  which  has  been 
transported  from  the  adipose  tissue  depots,  the  evidence  suggesting 
that  fat  is  mobilised  in  excessive  amounts  ;  there  is  consequently  an 
infiltration,  of  fit  in  the  damaged  cells.  Rosenfeld  showed  that  this 
obtained  especially  in  the  liver  and  the  result  has  been  generally 
accepted.  In  accordance  with  this,  it  is  to  be  noted  that  in  a  state 
of  extreme  emaciation  little  or  no  fatty  change  occurs  in  such  a  con- 
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dition  as  phosphorus  poisoning,  (b)  Fatty  degeneration  was  also 
thought  to  result  from  liberation  of  tlie  masked  fat; — fat  plianerosis"  -- 
notably  in  the  heart  and  kidneys. 

Recent  work  by  Dible  and  his  co-workers  has,  liowcvcYf,  shown, 
that  in  fatty  degeneration  of  the  heart  inuseh^  tJi(‘r(‘  is  an  act-mil 
addition  of  fat  to  the  fibres  affected  by  the  cha,ng(‘  ;  a  nd  firiJua*,  this 
fat  corresponds  with  the  depot  fat  in  having  a  Iowcm*  iodiiu'  vaJiie 
than  the  fat  of  the  normal  heart  muscle.  They  luivc'  also  found  (^vidc^nce 
that  transport  of  fat  and  infiltration  are  concca’iical  in  fatty  dc'gxMUM'ation 
of  the  kidneys.  It  is  thus  evident  that  in  the  orga-ns  numkoiKal  ilu^ 
fatty  change  is  chiefly,  at  least,  an  infiltration. 

Fatty  degeneration  has  also  been  studied  by  modeiTi  liistologicsl  inel.liods 
and  some  facts  may  be  given. 

Observations  on  tissue  cultures  show  clearly  how  i-('a,(lily  fa.!;  iiua.a})()!isiu 
of  cells  is  affected  by  their  environment.  Many  (-.(dls  in  (‘tihui'c,  wIumi  iu^aJlhy 
and  proliferating,  contain  minute  globules  of  fat  st^ahuiblc’i  by  suda,u  11!,  I>u|,, 
when  growth  is  less  active  or  when  the  medium  is  uol  spec.ially  suita,l)I(\  fa, My 
globules  become  more  numerous  and  of  larger  size.  It  is  gcauu‘a.lly  agi'CMMl  (hah 
the  mitochondria  are  composed  of  protein  in  combinal  iou  wi(h  li])oi(l,  a^nd  (ho 
earliest  degenerative  change  has  the  appearance  of  bcaug  a  s[)liMhig  off  of  (he 
lipoid,  which  comes  to  form  a  droplet  stainablo  by  s(.a,ius  (bi*  fats,  (jorrain 
Smith  and  Rettie  described  this  occurrence  and  coiK'ludod  lha,l<  both  (cloudy 
swelling  and  fatty  degeneration  began  with  destruci-ion  of  mil-oohoudria,  (p.  Kb)). 
Scott  gave  an  account  of  similar  changes  in  cells  of  (-ho  pa-norc^is  a,s  a,  I'osuK-  of' 
poisoning  with  phosphorus,  the  mitochondria  forming  miiuilu  globulc^s  \vhi(‘h 
afterwards  became  agglutinated  and  fused.  And  Jauot  Niva^i,  working  in  my 
laboratory,  obtained  a  similar  result  by  study  of  i-lui  a, (•.(■ion  of  piiosphonis 
fumes  on  the  cells  in  tissue  cultures.  In  all  these  cases  it  lia,s  Ixhui  (bund  (-fad. 
the  mitochondria  become  altered  and  assume  a  granular  form,  a-nd  (-lad-  (-Ik^ 
granules  gradually  come  to  give  the  reaction  of  lipoids  or  fa(-s.  1(.  is  uoi-  |)oHsiblo 
to  pronounce  definitely  on  the  interpretation  of  tlie  a,[)poa-i*au(u^s  d(‘scr-ib('(l,  bu(. 
it  is  not  impossible  to  reconcile  them  with  the  vievc  tha,t  tlu^  a,pf)oa,ra,iic(^  o(‘ 
visible  fat  globules  depends  on  the  failure  of  l-lio  normal  irn'clainisni  of  (,lio 
metabolism  of  fat  within  the  cytoplasm,  perlaips  by  iid-orf(M*(Mic('  wi(-h  (-la^ 
oxidation-reduction  enzjmie  systems. 

Lipoidal  Degeneration  and  Infiltration.  In  addition  to  tho 
changes  just  described,  in  which  the  ordinary  neutral  fats  arc  (toiiccriu-d, 
accumulations  of  lipoids  take  place  in  the  tissues  in  various  i-athologic-id 
conditions.  The  lipoids  are  of  considerable  variety  and  apparcjitly 
often  occur  as  mixtures  along  with  fats.  The  most  important  of  them 
is  a  substance  to  which  the  name  myelin  or  myelin  fat  has  been  given 
on  account  of  its  resemblance  to  the  myelin  of  nerve  fibres,  and 
which  has  been  shown  to  consist  mainly  of  cholesterol  esters,  though 
other  substances  are  associated  with  them.  Myelin  is  anisotropic  or 
doubly  refracting,  being  in  a  fluid  crystalline  condition,  and  thus  can 
readily  be  recognised  by  means  of  the  polarising  microscope  (Pig.  92) ; 
when  brought  into  contact  with  water,  the  globules  assume  various 
forms  and  send  out  narrow  processes,  forming  the  so-called  myelin 
figures.  It  is  usually  stained  a  yellowish  colour,  less  deeply  than  ordi¬ 
nary  fat,  with  Sudan  III;  and  it  is  rendered  black,  or  at  least  grey,  with 
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osmic  acid,  the  variations  probably  being  due  to  admixture  of  other 
substances.  It  must,  moreover,  be  noted  that  the  doubly  refracting 
property  is  possessed  by  other 
substances  in  addition  to  chole¬ 
sterol  esters,  e.g.  phospholipins, 
fatty  acids,  cholesterol  dissolved 
in  fats,  etc.,  and  further,  some  of 
the  doubly  refracting  lipins  do 
not  undergo  the  physical  changes 
in  water  mentioned  above. 

Cholesterol  fat  is  normally  pre¬ 
sent  in  the  cells  of  the  adrenal 
cortex  in  the  form  of  smaU  glo¬ 
bules,  and  becomes  increased  in 
amount  in  certain  conditions, 
especially  where  there  is  an 
increase  of  the  cholesterol  con¬ 
tent  of  the  blood.  In  fact, 
the  adrenals  seem  to  remove 
from  the  blood  and  store  cho¬ 
lesterol  fat  pretty  much  as  the 
liver  stores  ordinary  fat.  The  for¬ 
mer  is  normally  present  also  in 
and  ovary.  When  rabbits  are  fed  with  cholesterol  dissolved  in  oil, 
an  ester  is  formed  in  the  process  of  absorption  from  the  intestine, 
and  then  the  normal  stores  of  ester  become  increased.  Not  only  so, 
but  ester  is  also  deposited  in  various  organs,  chiefly  within  histio¬ 
cytes,  and  notably  in  the  intima  of  the  aorta,  where  it  may  form 
atheroma-hke  patches.  Excess  of  cholesterol  in  the  blood  occurs  in 
obesity,  pregnancy,  hydraemic  nephritis,  diabetes  and  obstructive 
jaundice  ;  and  it  is  interesting  to  note  that  in  the  two  last-mentioned 
conditions,  locaHsed  deposits  of  esters  may  occur  in  the  cutis,  giving 
rise  to  sHghtly  raised  yellowish  patches — the  condition  Imown  as 
xanthelasma.  In  nepliritis  of  the  hydrsemic  type,  associated  with 
increase  of  the  cholesterol  content  of  the  blood,  there  is  often  a  large 
amount  of  doubly  refracting  fat  both  in  the  tubules  and  in  the  inter¬ 
stitial  tissue  of  the  kidney,  and  globules  are  present  in  the  urine 
both  in  casts  and  also  in  the  free  state. 

Cholesterol  fat  is  often  deposited  in  the  tissues  in  connection  with 
local  lesions,  apart  from  any  increase  in  the  blood.  It  is  found  in 
various  chronic  inflammations,  e.g.  m  the  region  of  chronic  abscesses, 
in  certain  inflammatory  exudates  in  the  lungs,  etc.  It  is  often  con¬ 
tained  in  large  rounded  phagocytic  cells,  which  have  a  vacuolated 
appearance  owing  to  its  occurring  in  droplets  ;  the  cells  are  often 
spoken  of  as  foamy  cells  (Fig.  51).  In  the  wall  of  the  gall-bladder 
too  it  is  not  infrequently  deposited,  first  within  the  cells  of  the  sub¬ 
mucosa  ;  the  deposits  may  form  small  spots  visible  to  the  naked 


Fig.  92. — Myelin  fat  in  glomerulus  of 
kidney  in  a  case  of  nephritis. 

It  has  been  photographed  by  light  which  has 
passed  through  crossed  M col’s  prisms  and  is 
brightly  illuminated  owing  to  its  doubly  refrac¬ 
ting  character.  (J.  S.  D.)  x  200. 


the  interstitial  cells  of  the  testis 
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eye,  giviiig  rise  to  the  so-called 
deposit  of  cholesterol  fat  in  the  tissue 

’rw.v 


mw 


Fig.  93. — Spindle-shaped  collections  of 
cholesterol  crystals  and  granular  e(3lls 
in  degenera  ted  tissue,  x  80. 

affections  of  unknown  etiology  such 


strawberry  gall-l)huhl(‘i'.'  Hie 
s  has  a  closi^  i‘(\s(MnbIanc(i  l.o  tlie 
ordinary  fatty  chajigi's  a,n(I 
like  tlnnn  occurs  in  liotli 
healthy  and  daina.g('(!  c,(‘lls, 
and  as  in  (‘alnification  (p.  Hit}), 
the  deposit  is  mainly  diu^  to 
local  tissue  clianges,  tJiougli 
sometimes  to  e,xt*css  in  tlie, 
blood. 

In  certain  cases  where  the 
cholesterol  content  of  the 
blood  is  much  raised,  doubly 
refracting  cholesterol  fat  may 
be  deposited  in  the  spleeM  to 
such  a  degree  as  to  cause  its 
enlargement.  Tlris  is  espe¬ 
cially  met  with  in  some  cases 
of  diabetes  and  in  obstructive 
jaundice.  There  are  <ilso 
as  Gaucher’s  disease,  Niemann’s 


disease,  etc.,  in  which  there  is  a  disturbance  of  the  lipoid  metabolism 
and  hpoids  are  stored  in  enormous  amounts  in  the  spleen  and  other 
parts  of  the  re ticulo- endothelial  system. 

Cholesterol  is  met  with  also  in  the  uncombined  state,  in  the  form 
of  rhomboidal  plates  often  with  a  deficiency  at  one  angle.  It  occurs 
in  conditions  somewhat  similar  to  those  just  mentioned,  and  may 
be  abundant  in  old  collections  of  pus,  in  dermoid  cysts,  and  in 
long-standing  collections  of  fluid,  e.g.  hydrocele  fluid.  In  piiraflin 
sections,  the  cholesterol  has  been  dissolved  out,  and  tlu^  sparuss  whiGi 
contained  it  may  appear  as  spindle-shaped  clefts,  often  with,  giant- 
cells  around  them.  Cholesterol  is  also  an  important  (ionsiitucait  of 
gall-stones  and  one  type  of  stone  is  composed  of  it  in  prae-tic.ally 
pure  form. 


Lipsemia.^  The  term  indicates  an  increase  of  lipins  in  the  lilood  plasma. 
The  subject  is  a  very  complicated  one  as  it  is  concerned  with  fats,  lij)()i(lK  and 
phospholipins  ;  these  are  often  increased  together  but  in  varying  proportion. 
Lipsemia  has  been  observed  in  a  variety  of  conditions  such  as  chrouict  }ilc‘.oli.olisjn 


nephrosis,  experimental  ansemia,  starvation,  etc.,  and  factors  siadi  as  (liTuinisli<al 
oxidation,  increased  transport  of  fat  from  the  tissues,  etc.,  aro  c(mcca*,n,(H„l.  '.riu^ 
subject  is,  however,  imperfectly  imderstood.  The  increase  would  a,ppoa,r  to  Ix^ 
on  the  part  of  lecithin  and  cholesterol  compormds  as  well  as  glyc.cM-ol  Cati.  It  is 
in  diabetes  that  lip^mia  reaches  its  highest  degree,  and  in  so,ino  (ais(‘s  a,  milky 
layer  of  considerable  thickness  may  form'  on  the  surface  ol,'  the  blood. 
total  amount  of  lixhiis  may  in  exceptional  cases  be  as  Jugli  as  .15  [xh*  (xaiL  or 
even  more,  of  the  plasma.  In  this  disease  there  is  an  inc*,r(aiK(al  m('.ta,l)olis,io  oC 
fat  with  excessive  transport  from  the  storage  depots  which  brings  abou(<  .lipavinia,, 
but  the  cause  of  the  excessive  lipsemia  occasionally  met  with  is  unknown.  A 
deposit  of  cholesterol  esters  may  occui'  in  the  cells  of  the  reticulo-endotlxelial 
system,  m  the  spleen  and  liver. 
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AMYLOID  OR  LARDACEOUS  DEGENERATION 
This  is  the  most  important  example  of  a  degeneration  which  does 
not  affect  cells  directly  but  formed  elements,  especially  fine  connective- 
tissue  fibrils  in  relation  to  blood  vessels.  The  affected  elements 
become  swollen,  trans¬ 
lucent  and  highly  re¬ 
tractile  and  present 
certain  distinctive 
staining  reactions.  It 
was,  in  fact,  the  stain¬ 
ing  reactions  which 
amyloid  material  gives 
with  iodine  which  led 
to  the  original  view 
that  the  substance  was 
a  carbohydrate ;  hence 
the  name.  It  is  now 
known  that  amyloid  is 
largely  of  protein 
nature.  The  change 
occurs  in  various  in¬ 
ternal  organs  and  its 
distribution  is  specially 
related  to  capillaries 
and  small  arteries.  In 
the  former  it  affects 
the  sub -endothelial  tissue  fibrils,  and  the  swelling  which  results  has 
two  effects,  viz.  (a)  enlargement  or  thickening  of  the  capillary  as 
a  whole,  and  {h)  diminution  of  its  lumen.  The  former  may  produce 
atrophy  of  the  adjacent  cells  by  pressure,  e.g.  in  the  liver  (Fig.  94)  ; 
whilst  the  latter  interferes  with  the  blood  supply  and  may  lead  to 
secondary  results.  In  arteries  the  change  usually  begins  in  the  fine 
connective  tissue  of  the  media  ;  this  leads  to  atrophy  and  disappear¬ 
ance  of  the  muscle  and  elastic  fibres,  and  ultimately  the  coat  has  a 
homogeneous  and  structureless  appearance.  Amyloid  degeneration 
often  starts  in  the  minute  arterioles  in  organs,  and  thence  spreads 
forward  to  the  capillaries  and  backward  to  the  larger  arteries  ; 
this  distribution  of  the  change  may  be  well  seen  in  the  kidneys. 
In  later  stages  even  the  walls  of  veins,  especially  the  intima,  may  be 
affected  in  a  similar  way,  as  may  be  seen  in  the  branches  of  the  portal 
vein  in  advanced  amyloid  disease  of  the  liver.  In  addition  to  vessel 
walls,  amyloid  disease  sometimes  affects  basement  membranes,  e.g.  of 
the  tubules  of  the  kidneys,  and  also  the  delicate  reticulum  of  lymphoid 
tissue. 

Staining  Reactions.  ...  . 

(a)  Amyloid  substance  has  a  special  affinity  for  iodine,  and  is  stained  deejply 
by  it.  A  watery  solution  of  iodine  is,  accordingly,  of  great  service  in  detecting 


Fig.  94. — Amyloid  degeneration  of  liver. 

The  pale  homogeneous  bands  represent  amyloid  substance. 
The  liver  cells,  stained  more  deeply,  are  seen  in  process  of  atrophy. 
X  100. 
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the  presence  of  amyloid  at  a  post-mortem  examination.  The  amyloid  portions 
are  stained  a  deep  brown  colour  and  stand  out  prominently.  In  applying 
the  test,  it  is  important  to  select  a  part  IVce  from  congesi.ion,  as  ])1()0(1  hcM'omos 
slightly  darkened  by  the  iodine.  In.  sections  stained  with  iodiiu'  and  (examined 
in  the  usual  way  by  transmitted  light,  tlu^  amyloid  sllbstan(‘(^  Inis  an  orange 
tint,  whilst  the  rest  of  tlm  tissue  is  greiuiisli-yitlow  and  sojnmvlnit  granuhir. 
If,  on  the  other  hand,  the  light  from  the  mirror  is  (uitircdy  cut,  oil,  and  ttie  si'ction 
is  illuminated  merely  by  the  light  falling  n])oii  its  tluai  tlio  amyloid  snbst.a.nc,o 
appears  of  a  deep  brown  colour  on  a  pale  baxdvgi'onnd,  tliis  result  ('.ornvsponding 
with  what  is  seen  on  naked-eye  examination. 

(6)  With  gentian  violet,  methyl  violet  and  certain  other  basic  stains,  tlie 
amyloid  substance  gives  a  metachromatic  reaction,  assuming  a  somewhat 
reddish  tint,  whilst  the  other  parts  are  more  of  a  violet  tint.  The  contrast 
between  the  two  becomes  emphasised  when  the  section  is  treated  with  weak 
acid  and  is  examined  in  yellow  light. 

(c)  Amyloid  substance,  when  treated  with  iodine  and  afterwards  with  sul¬ 
phuric  acid,  may  assume  a  bluish-green  colour.  This  reaction,  however,  is 
inconstant  and  is  not  much  used.  It  is  most  fre(|iieiitly  given  by  jirnyloid  in. 
the  spleen. 

Of  these  reactions,  the  metachromatic  reaction  with  basic  aniline  dyes  is 
the  most  constant  and  most  reliable.  It  is  believed  that  the  simple  reaction 
with  iodine  depends  on  a  physical  process  of  adsorption,  wliereas  that  with 
methyl  violet  is  mainly  of  a  chemical  nature  and  depends  on  the  cliondroitin- 
sulphuric  acid.  It  may  be  noted  also  that  when  amyloid  tissues  have  been  kept 
for  a  considerable  time  in  preservative,  they  may  fail  to  give  the  reaction  with 
iodine,  while  they  stain  well  with  methyl  violet,  etc. 

(d)  Congo  Med.  This  dye  was  introduced  as  a  stain  for  amyloid  by  Benliold. 
He  recommended  its  use  in  a  1  per  cent,  watery  solution,  the  tissues  being  aft(3r- 
wards  decolorised  by  weak  sodium  carbonate  solution  and  80  per  cent,  alcohol. 
By  this  method  an  almost  elective  stain  of  amyloid  can  bo  obtained.  TIio 
method  is  applicable  to  paraffin  sections. 

Congo  red  when  introduced  into  the  circulation  intra  vitam  is  fixed  by  amyloid 
material,  and  if  the  latter  is  abundant  the  dye  disa,[)pears  mori'  naidily  limn  in 
ordinary  conditions.  Benliold  recommended  the  inlirav'cnious  injc'ci.ion  of  15  c.e. 
of  a  0-75  per  cent,  solution  of  Congo  red,  the  a.mounl'  in  Uui  siaaini  hiMiig 
afterwards  tested  by  taking  samples  of  the  blood  a,t  iidcrvals.  in  a.  normal 
individual  10-30  per  cent,  of  the  dye  disappears  within  an  liour,  but  if  a  (;on- 
siderable  amount  of  amyloid  is  present,  40-60  per  cent,  may  disappear.  Odds 
method  when  used  as  a  test  for  amyloid  is  of  quantitative  nature  and  the  results 
must  be  interpreted  accordingly ;  for  example,  disappearance  of  the  dye  is 
most  rapid  in  cases  of  extensive  amyloid  disease  of  the  liver. 

Structural  Changes  and  Distribution.  Organs  affected  with 
amyloid  disease  become,  as  a  rule,  increased  in  size  and  firmer  in  con¬ 
sistence,  whilst  the  specific  gravity  also  is  increased.  The  cut  surface 
of  the  affected  tissue  shows  a  somewhat  translucent  or  waxy  appear¬ 
ance  and  contains  little  blood.  An  amyloid  liver  is  firm  and  elastic, 
and  its  smooth  surface  and  rounded  margins  can  often  be  palpated 
during  life.  The  change  usually  starts  in  the  capillaries  in  the  inter¬ 
mediate  zones  of  the  lobules,  and  may  ultimately  become  so  extensive 
that  the  greater  part  of  the  organ  is  constituted  by  amyloid  sub¬ 
stance  (Fig.  95).  Even  when  extensive,  amyloid  disease  of  the  liver 
does  not  usually  give  rise  to  ascites. 

In  the  spleen  there  are  two  main  types  of  amyloid  disease.  In 
one,  the  Malpighian  bodies  chiefly  are  affected,  these  being  changed  into 
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somewhat  translucent  globules  resembling  boiled  sago-grains  ;  hence 
the  term  ‘  sago-spleen  ’  (Fig.  96).  In  the  other  type,  the  diffuse  form, 
the  change  affects  the  reticulum  of  the  pulp  and  walls  of  the  yenous 


sinuses  ;  and,  accordingly,  owing  to  the  greater  extent  of  the  disease, 
the  spleen  becomes  considerably  larger  in  this  form.  In  our  experience 
this  variety  is  especially  associated  wdth  tertiary  syphilis.  Like  the 


Fig.  96. — Amyloid  spleen  of  sago  type,  showing  the  affected 
malpighian  bodies.  (Prof.  M.  J.  Stewart.) 


liver  the  spleen  when  amyloid  is  firm  and  may  be  palpable  during 
life. 

In  the  kidneys  the  disease  brings  about  important  secondary 
changes.  At  an  early  stage  it  often  causes  polyuria,  the  urine  being 
of  low  specific  gravity  and  containing  little  or  no  albumin  ;  but  at  a 
later  period  oliguria  and  marked  albuminuria  develop.  It  is  then 
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associated  with  hypercholesterolseinia,  and  the  lipoids  in  i'Xih'ss  in 
the  blood  pass  tliroiigli  the  walls  of  tlie  glomerular  ea.pilla]’ies  and  arii 
absorbed  by  the  tubular  epitheliinn.  The  kidneys  a,i'e  (vularged  and 
paler  than  the  normal,  while  the  cortex  sliows  yellowisli  mottling 
owing  to  the  fatty  change,  the  condition  being  known  as  the  '  amyloid 
type  of  nephrosis.’ 

These  are  the  organs  most  frequently  affected  by  amyloid  disease, 
but  it  may  have  a  widespread  distribution.  It  may  be  present  in 
the  stomach  and  intestines  and  lead  to  an  anavmic  condition  of  tlve 
mucosa  with  atrophic  change.  Here  again,  corresp()n(ling  structures 
are  aifected,  viz.  arterioles  and  capillary  walls.  Amyloid  dis(uis(‘  may 
occur  in  the  adrenals,  thyroid,  etc.,  and  is  not  uncommon  in  lympha, tie- 
glands.  It  is  occasionally  met  witli  also  in  tlie  luyirt  wail,  most 
frequently  in  the  right  auricle,  wliere  amyloid  palicluys  uiHhM’iu'a-tb 
the  endocardium  may  be  detected  by  the  iodine  test.  mawous 

system,  however,  is  never  affected. 

Amyloid  substance  leads  to  atrophy  of  (ad Is  by  juxxssiu'e  of  the 
swollen  capillaries  and  necessarily  also  interferes  wit-h  i\u^  blood 
supply  ;  but  notwithstanding  the  presence  of  a  consideral)h‘.  aanount 
of  amyloid,  the  disease  may  not  lead  to  any  detecd-abh^  (‘ilect  on  tlie 
function  of  an  organ.  Amyloid  disease  of  the  iut(‘stin(^  is  often 
attended  by  watery  diarrhoea,  possibly  due  to  iiuauascul  p(a'm(ad)ility 
of  the  capillary  walls,  though  this  is  not  certain. 

Causation.  The  three  main  causes  of  amyloid  disease  are 

(а)  Chronic  Suppuration.  Amyloid  disease  was  formerly  a  fairly 
common  result  of  long-continued  suppuration  in  bones,  but  since  tlie 
introduction  of  modern  methods  of  treatment  for  tli(‘  a(*ut(‘  slKiguy 
chronic  osteomyelitis  is  now  rarely  seen  and  amyloid  disc^jise  is  s(d(l(>ni 
produced  in  this  way.  It  is  not  uncommon  as  a-  rc'suli,  ol’  loug-st-anding 
empyema  in  children  and  also  with,  bronchiectasis. 

(б)  Tuberculosis,  especially  when  it  is  attended  by  much  easc^afion 
or  suppuration,  e.g.  such  as  occurs  in  caseating  Iimg  tuberc'-le,  oi'  in 
bone  tubercle  with  cold  abscess. 

(c)  Syphilis.  As  a  rule  it  is  met  with  fairly  lat(3  in  the  tertiary 
stage  of  the  disease ;  it  occurs  occasionally  also  in  the  congenital 
form. 


Apart  from  these  thi’ee  main  conditions,  amyloid  diseases  is  rariu  It 
has  been  found,  however,  in  about  7  per  cent,  of  eases  of  multipl<‘. 
myelomatosis,  some  cases  of  Hodgkin’s  disease,  and  in  somc^  e-{is(\s 
of  rheumatism  (Beattie),  where  other  causes  could  be  (^xcUkIxkI. 
It  is  stated  to  be  sometimes  due  to  dysentery,  chroiiui  malaria,,  a, ml 
even  to  malignant  disease.  We  must  always  bear  in  itiitid,  how('V(u‘, 
that  in  such  cases  it  may  possibly  be  the  result  of  syphilis,  although 
no  other  manifestations  of  the  disease  may  be  found. 

It  is  to  be  noted  that  in  the  three  main  conditions  definitely  known 
to  produce  amyloid  disease,  organisms  are  present,  and  also  that  their 
action  extends  over  a  relatively^ long  period  of  time;  how  long  a 
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period  is  necessary  to  produce  the  change  cannot  he  stated,  hut 
we  have  seen  marked  amyloid  disease  apparently  produced  within 
three  months  hy  acute  pulmonary  tuberculosis.  It  is  possible  that 
amyloid  sul^stance  may  undergo  some  absorption  when  the  cause  has 
been  removed/'  but  in  view  of  the  nature  of  amyloid  this  must  be  a 
relatively  slow  process.  It  has  been  shown,  however,  that  amyloid, 
the  result  of  suppuration  produced  experimentally  in  animals,  may 
undergo  absorption  when  the  pus  has  been  removed  and  healing  of  the 
abscess  has  been  effected. 

Nature  of  Amyloid .  Amyloid  is  mainly  of  protein  nature,  and 
is  a  relatively  resistant  substance.  It  can  be  digested  by  trypsin 
though  more  slowly  than  most  proteins,  but  it  is  little  affected  by 
peptic  digestion.  It  is  soluble  in  alkalis.  The  work  of  Krakow, 
which  has  been  confirmed  by  others,  showed  that  it  is  really  a  com¬ 
bination  of  the  mueo-]3olysaccharide  chondroitin-sulphuric  acid  and 
a  globulin.  This  acid  is  an  important  normal  constituent  of  cartilage, 
and  has  been  found  also  in  parts  rich  in  elastic  tissue,  e.g.  in  the  aorta. 
It  is  not  possible,  however,  to  attribute  the  large  amount  of  chondroitin- 
sulphuric  acid,  which  may  be  present  in  severe  cases,  to  actual 
destruction  either  of  cartilage  or  elastic  tissue,  e.g.  in  the  lungs  ; 
and,  furthermore,  the  amount  of  actual  destruction  of  tissue  in  some 
cases  of  syphilis  may  be  relatively  small.  Further,  it  has  not  been 
found  possible  to  produce  amyloid  disease  by  injecting  salts  of 
chondroitin-sulphuric  acid,  or  tissues  containing  it,  into  animals  (Wells). 

Amyloid  disease  has  been  produced  experimentally  in  rabbits  and 
fowls  by  injecting  bacterial  cultures,  especially  of  staphylococci,  but 
positive  results  are  obtained  only  in  a  certain  proportion  of  cases.  Amy¬ 
loid  substance  has  been  found  to  appear  sometimes  in  horses  used  for 
the  production  of  dij)htheria  antitoxin,  at  a  time  when  their  plasma 
globulins  are  much  increased  as  a  result  of  prolonged  immunisation. 
Mice  also  are  liable  to  amyloid  disease,  and  may  suffer  from  it  when 
they  are  rendered  tuberculous  ;  it  has  been  observed  in  them  also 
when  malignant  tumours  have  been  transplanted.  It  has  been  shown 
that  rex^eated  parenteral  injection  of  foreign  proteins  in  mice  may 
lead  to  deposition  of  amyloid  in  organs.  Nutrose,  a  caseinate,  has 
been  found  to  be  specially  effective  as  was  first  shown  by  Kuczynski ; 
he  also  found  that  amyloid  change  could  be  induced  by  feeding  mice 
with  cheese.  The  earliest  changes  are  best  studied  b}^  intra-vitam 
staining  with  congo-red.  Letterer  considers  that  increase  of  globulin 
in  the  blood,  which  is  noted  in  such  experiments  before  amyloid 
appears,  is  an  important  factor  in  its  deposition,  and  it  is  of  interest 
that  myelomatosis  is  commonly  associated  with  increase  of  plasma 
globulins.  The  pathology  of  amyloid  disease  is,  however,  far  from 
being  understood. 

Localised  Amyloid.  Amyloid  change  has  been  observed  in  the  neighbour¬ 
hood  of  abscesses,  and  in  the  lymphatic  glands  in  relation  to  a  suppurative  area, 
whilst  it  was  absent  in  other  parts  of  the  body.  This  is  clearly  an  example  of 
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direct  effect  on  (Ik^  tissue'  e'leniH'iiis.  Amyloid  occurs  seiiiKdimes  also  in  sinall 
comiecti\T3  tissue  ^row'llis  in  llie'  larynx,  ln-onclii  and  tlio  nasal  soptuin,  tlio 
clniiige  affecting  cesse'ls  and  tlu'  coniu'cti \'('  i. issuer  Jilirc's.  It  is  sn|)posod 
that  in  this  instance,  thc!  aanyloid  suhsl.ance^  is  due'  to  the  absorption  of 
chondroitin-siilphuric  acid  from  ca.i'tilagc'  in  the  \ucini(iy. 

Atypical  amyloidosis  (Lubarsch)  is  the  de'position  of  loe'aliscd  cnnyloid in, certain 
situations,  the  usual  sites  being  fret‘.  it  occurs  mainly  in,  tlio  tongue,  causing 
tumour-like  enlargements  ;  in  tlu^  skin,  Simula, ting  s<'l(M'()(l()nrm. ;  in  the  inuseles 
interfering  with  contraction,  ddie  ca.usii  is  unknown,  ddie  structures  known 
as  corpora  amylacea  (p.  153)  liave  nothing  to  do  with  a,:myloid  projier. 


H  Y ALINE  DEGENERA  TION 

The  term  ‘  hyaline  ’  is  used  in  a  general  descriptive  manner  to 
indicate  a  somewhat  homogeneous  or  glassy  appearance  presented  by 
tissue  elements,  and  thus  it  does  not  indicate  a  specific  substance. 
Various  tissues  and  cells  may  be  altered  in  this  way,  but  the  most 
important  form  of  the  change  is  that  which  occurs,  like  amyloid  change, 
in  connective  tissue  fibres  and  in  the  walls  of  blood  vessels.  It  is  often 
known  as  connective  tissue  hyaline.  The  affected  fibres  become  swollen, 
homogeneous  in  appearance  and  somewhat  retractile,  and  the  sub¬ 
stance  formed,  which  is  of  protein  nature,  is  comparatively  resistant 
to  solvents.  It  is  usually  acidophil  in  reaction  and  does  not  give  the 
reactions  of  amyloid.  The  change  is  of  common  occurrcMUHi  in  ttio 
arterial  system,  notably  in  the  small  arterioles  in  essential  liyp(T- 
tension,  though  also  apart  from  that  condition.  Its  important  (ilbuits 
will  be  described  later.  It  is  met  with  also  in  lymplmodcs  in 
conditions  of  chronic  infiammation,  and  is  not  uncommon  in  certain 
forms  of  tumour,  both  in  the  stroma  and  in  the  walls  of  blood  vessels. 
Although  it  is  mainly  the  finer  fibrils  which  hecome  hyaline,  a  similar 
change  may  occur  in  coarser  bands  of  connective  tissue,  e.g.  in  old 
scars  and  in  various  chronic  inflammatory  conditions. 

Some  other  conditions  to  which  the  term  ‘  hyaline  ’  is  applied  in  a 
descriptive  way  may  he  mentioned.  Hyaline  material  may  be  formed, 
for  instance,  from  the  elements  of  the  blood  in  thrombi.  Fused  and 
altered  blood  platelets  have  a  hyaline  appearance,  fibrin  may  become 
condensed  and  of  similar  aspect,  and  red  corpuscles  may  form  so-called 
hyaline  thrombi  in  capillaries.  In  inflammatory  conditions,  hyaline 
material  sometimes  arises  from  fusion  of  exudate  with  the  stromal 
dements  ;  this  process  may  be  seen,  for  instance,  in  chronic  tubercle 
Dro^ets  of  homogeneous  and  somewhat  retractile  appearance  occurring 
TOtlrni  cells  are  often  described  as  hyaline,  and  are  often  a  prominent 
feature  m  kidney  epithelium  in  renal  disease  (‘  hyaline  droplet 
change  )  (Fig.  493).  In  chronic  inflammatory  exudates  multiple 
round  hyahne  bodies,  which  are  strongly  eosinophilic  and  also  gram- 
positive,  and  range  from  1  to  10  in  diameter,  are  often  seen  within 
e  cytoplasm  of  plasma  cells  and  also  lying  free ;  these  are  known 

importance  in  that  they  have  often  been 
mistaken  for  parasites.  Lastly,  it  may  he  mentioned  that  delicate 
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transpcarent  casts  met  with  in  the  urine  in  nephritis  are  ordinarily  known 
as  hyaline.  These  examples  are  sufficient  to  show  how  heterogeneous 
is  the  group  of  substances  to  which  the  term  has  been  applied. 

Corpora  Aynylacea.  Under  this  term  are  included  a  number  of  rounded  or 
oval  hyaline  structures,  which  may  stain  deeply  with  iodine,  hence  the  name. 
They  sometimes  show  concentric  lamination  and  not  infrequently  undergo 
calcification.  Such  structures  are  met  with  in  a  variety  of  situations  and  they 
cannot  be  regarded  as  all  of  the  same  nature.  They  are  often  a  prominent 
feature  within  the  acini  of  the  prostate  in  the  later  years  of  life  ;  they  occur  also 
in  old  infarcts  in  the  lungs,  in  old  blood  clots  and  sometimes  in  tumours. 
The  presence  of  structures  of  this  nature  in  the  nervous  system  is  very  common ; 
they  are  met  with  in  chronic  degenerative  lesions,  and  are  sometimes  numerous 
in  the  region  of  old  softenings  and  haemorrhages.  They  vary  greatly  in  size, 
the  smallest  being  spherical  and  homogeneous,  and  these  usually  stain  deeply 
with  haematoxylin.  They  appear  to  form  simply  by  a  deposition  of  organic 
material  containing  acid  muco-polysaccharides  in  globular  form  in  the  intercellular 
spaces,  but  their  exact  composition  is  not  known.  So  far  as  is  knovm  they  are 
of  no  importance  except  as  a  manifestation  of  the  degenerative  condition  with 
which  they  are  associated,  and  in  themselves  give  rise  to  no  effects. 


MUCOID  DEGENERATION 

Under  normal  conditions  mucin  is  produced  both  by  the  epithelial 
cells  of  mucous  membranes,  glands,  ducts  of  glands,  etc.,  and  by 
connective  tissue  cells,  notably  in  the  tissues  of  the  foetus  ;  and  the 
mucin  met  with  in  excess  in  pathological  conditions  is  correspondingly 
of  two  main  types^ — epithelial  mucin  and  connective  tissue  mucin. 
The  mucin  in  pathological  states  is  not  a  single  substance,  hut  represents 
a  group  of  substances  which  have  the  common  physical  property  of 
imparting  a  slimy  character  to  fluids,  and  which  differ  somewhat  in 
their  chemical  reactions.  Mucins  are  composed  of  proteins  and 
carbohydrate  radicals,  including  glucosamine,  and  on  their  being 
treated  with  hydrochloric  acid,  the  glucosamine  is  liberated  and 
reduces  Fehling’s  solution  ;  one  variety,  viz.  paramucin,  gives  this 
reaction  directly.  They  are  as  a  rule  precipitated  by  acetic  acid  and 
by  alcohol,  but  the  pseudomucin  of  ovarian  cysts  is  not  precipitated 
by  the  former.  Mucins  are  usually  somewhat  basophil,  and  often 
give  a  metachromatic  reaction  with  toluidin  blue,  bemg  stained  a 
reddish  purple ;  but  variations  in  staining  reaction,  corresponding 
with  chemical  constitution,  afe  met  with. 

Increased  formation  of  epithelial  mucin  is  usually  the  result  of 
increased  secretion  rather  than  of  cell  degeneration,  as  is  well  seen  in 
catarrhs  of  mucous  membranes.  When  a  catarrhal  inflammation  has 
become  chronic  there  is  often  an  increase  of  mucin-forming  cells  ; 
this  is  noteworthy  in  chronic  gastric  catarrh  and  probably  represents 
a  change  to  a  more  resistant  form  of  epithelium.  Cysts  containing 
mucoid  fluid  may  be  formed  by  obstruction  of  ducts,  and  here  also  the 
mucin  is  produced  mainly  by  secretion.  A  similar  statement  holds  in 
the  main  with  regard  to  cystic  tumours,  notably  the  multilocular 
cystoma  of  the  ovary  which  contains  pseudomucin,  though  degener- 
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ated  cells  undergo  a  mucoid  swelling  and  merge  with  tlie  contents. 
The  so-called  colloid  cancer  ought  really  to  be  called  mucoid  cancer  ; 
in  this  form  of  growth  the  epithelial  cells  actively  form  mucin  and 
rapidly  undergo  degeneration  becoming  lost  in  the  homogeneous 
substance.  The  latter  is  mucin  in  an  inspissated  state  and  there 
is  little  doubt  that  the  growth  takes  origin  from  mucin-forming  cells. 

Mucin-forming  connective  tissue,  usually  called  myxonmioiis  tissue, 
is  characterised  by  the  presence  of  a  clear  mucin-containing  matrix 
between  the  cells,  whilst  the  latter  have  a  somewhat  stellate  form  with 
branching  processes  and  there  are  few  collagen  fibrils.  Such  tissue  is 
a  fairly  common  constituent  of  various  tumours  (Fig.  Ill),  and  inter¬ 
mediate  stages  between  it  and  merely  oedematous  connective  tissue 
are  met  with.  Granulation  tissue  may  sometimes  present  a  myx¬ 
omatous  appearance,  apparently  the  result  of  chronic  mdema  and 
altered  nutrition.  The  term  myxoedema  was  applied  to  the  disease 
resulting  from  deficiency  or  absence  of  the  thyroid  secretion,  on 
account  of  the  altered  condition  of  the  connective  tissue  of  the  skin 
and  other  parts,  the  tissue  becoming  swollen  and  somewhat  gela¬ 
tinous.  It  has  been  found  that  there  is  an  increase  of  the  mucin  in 
the  connective  tissue  in  the  early  stages  of  the  disease,  but  later  the 
amount  may  not  be  above  normal.  When  the  thyroid  is  removed 
experimentally  in  animals,  e.g.  monkeys,  the  connective  tissue  be¬ 
comes  swollen  and  contains  considerable  excess  of  mucin. 

Colloid  Degeneration.  The  term  colloid  means  glue-like,  and  may  be 
applied  to  stiff  translucent  material;  but,  like  'hyaline,’  it  is  only  a  cleacrip 
tive  term  and  connotes  nothing  of  a  definite  chemical  character.  For  a  long  time 
it  has  been  applied  to  the  secretion  of  the  thyroid  w}ii(^b.  coiilijiins  cluiraotor- 
istic  substance  iodothyrin,  and  when  the  thyroid  Ixh-ouh's  ('tihirgx'd  owing 
to  the  accumulation  of  secretion,  the  term  colloid  goitre  may  bo  conveniently 
used.  In  certain  conditions  the  thyroid  secretion  becomes  more  fluid  or  serous 

in  character  and  stains  less 
deeply  with  acid  dyes.  Unfor¬ 
tunately,  the  term  has  been 
applied  to  substances  which 
have  nothing  to  do  with  thyroid 
secretion,  and  which  in  fact 
possess  no  properties  to  justify 
a  special  name.  The  material 
in  '  colloid  '  cancer  has,  as  we 
have  stated,  the  properties  of 
concentrated  mucin,  and  that 
in  '  colloid  ’  ovarian  tumours 
belongs  to  the  same  group  of 
substances.  Other  protein-con¬ 
taining  fluids  may  become  in¬ 
spissated  and  assume  a  glue -like 
character.  The  colloid  cysts  in 
the  kidneys  and  the  colloid 
casts  in  the  tubules  in  chronic 

Fig.  07. — Colloid  casts  in  kidney,  seen  as  nephritis  are  probably  produced 

homogeneous  material  within  the  tubules  ;  in  this  way,  with  the  addition 

from  a  case  of  chronic  nephritis.  X  250.  of  epithelial  products  (Fig.  97). 


DISTURBANCES  OF  NUTRITION 


/ 

155' 


These  casts  are  of  larger  size  than  the  hyaline  casts  occurring  in  the  more 
acute  stage,  and,  unlike  the  latter,  are  readily  stainable  in  sections,  having 
an  affinity  cliiefly  for  acid  dyes,  to  a  less  extent  also  for  basic. 


PIGMENTARY  CHANGES 

Pigments  are  deposited  in  the  tissues  in  a  great  many  abnormal 
states,  and  may  produce  naked-eye  or  microscopic  changes,  or  both. 
In  part  they  are  formed  within  the  body — endogenous  pigments  ;  in 
part  they  enter  the  body  from  the  outside — exogenous  pigments.  Of 
the  former,  the  two  main  varieties  are  melanin  and  derivatives  of 
hsemoglobin,  though  there  are  some  others  less  important. 

(A)  Endogenous  Pigmentation 

(1)  Melanin  Pigmentation.  The  melanins  are  iron -free  sulphur-containing 
pigments  varying  in  colour  from  pale  yellow  to  deep  brown.  They  are  formed 
intracelliilarly  from  colourless  — ty  the  metabolic 

activities  of  cells  and  are  very  stable  substances,  resistant  to  acids  and  many 
other  reagents,  but  soluble  in  strong  alkalis  ;  they  can  be  bleached  by  powerful 
oxidising  agents  such  as  potassium  permanganate  or  hydrogen  peroxide.  They 
are  related  to  the  aromatic  compounds,  tyi'osine,  phenylalanine  and  tr;^^tophane 
and  may  be  formed  from  such  substances  by  oxidation  (Paper).  Bloch  has  used 
this  fact  to  detect  the  melanin-forming  cells  by  their  content  of  oxydase  enzymes. 
On  treating  sections  of  skin  with  dihydroxyphenylalanine,  now^  ordinarily  known 
as  ‘  dopa,’  he  has  shown  that  certain  cells  in  the  epidermis  oxidise  this  substance 
by  means  of  an  enzyme  like  tyrosinase  and  become  blackened  in  consequence  ; 
these  cells  are  ‘  doj^a-positive.’  It  is  now  accepted  that  the  only  cells  in  the 
skin  wdiich  are  ‘  dopa-positive  ’  in  mvo  are  the  dendritic  cells  which  lie  extended 
1)6 tween  tlie  basal  cells  of  the  epidermis  ;  these  cells  are  the  only  true  melano- 
lilasts  and  after  elaborating  the  pigment  in  the  form  of  fine  granules  they  transfer 
it  by  means  of  their  jDrocesses  into  the  basal  epidermal  cells  and  also  into  certain 
pliagocytic  cells  in  the  dermis  which  may  thus  become  heavily  laden  with  coarse 
pigment  granules.  Neither  the  basal  epidermal  cells  nor  the  pigment-bearing 
Xihagoeytes  of  tlie  dermis  are  dopa-jDositive  and  the  latter  are  often  termed 
melanophores.  Melanin  granules  possess  the  capacity  to  reduce  certain  silver 
salts,  e.g.  ammoniacal  silver  nitrate,  and  can  thus  be  intensified  in  histological 
•piT^pa, rations  so  that  scanty  or  light-coloured  granules  are  rendered  eonsjiicuous. 
This  iiroperty  is  widely  used  in  the  study  of  pigmentary  disturbances  by  histo¬ 
logical  methods.  According  to  Masson,  the  dendritic  cells  are  of  iieuro -ectodermal 
origin,  being  derived  from  the  cells  of  the  embryonic  neural  crest,  as  are  also  the 
melanoblasts  of  the  squamous  mucous  membranes,  the  meninges,  choroid  and 
adrenals.  This  view  harmonises  well  with  the  evidence  about  the  origin  of  the 
nanms  cells  of  x^igmented  moles  from  the  neuro -ectodermal  cells  of  the  Meissnerian 
corx)uscles  (p.  248).  The  Langerhans  cells  of  the  epidermis  are  now  regarded 
as  probably  effete  melanoblasts,  whereas  the  intercalated  cells  of  Merkel-Banvier 
are  probably  not  melanoblastic  but  are  related  to  nerve  terminations  in  the  skm. 
Darkening  of  the  skin,  e.g.  on  exposure  to  ultra-violet  radiation,  is  brought  about 
first  by  migration  of  the  melanin  granules  and  subsequent  darkening  of  their 
colour  ;  later  there  is  increased  formation  of  pigment  apparently  by  the  activity 
of  the  dendritic  cells,  which  under  further  stimulation  may  increase  in  nimiber. 

A  general  increase  in  pigmentation  occurs  in  Addison’s  disease, 
especially  in  the  parts  exposed  to  light  and  in  those  normally  X3ig- 
mented  ;  and  there  may  also  be  pigmentary  deposit  on  the  inner 
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surface  of  the  cheeks  on  a  line  corresponding  to  tlie  jiinction  of  tlie 
teeth,  and  on  the  sides  of  the  tongue,  the  position  of  deposit  being 
apparently  determined  by  irritation,  in  the  skin  tlu^  ))igni(mt  is  in 
the  form  of  very  line  brownish  gi'anules  in  tlu‘  deepc'r  layers  of  tlie 
rete  Malpighii,  and  is  present  also  as  eoarscM'  granules,  (^hicvliy  witliin 
cells  or  chromatophores  in  the  underlying  entis,  thc^  aj)p(‘;ir*<ni(!e  and. 
distribution  resembling  those  in  the  n(\gr()\s  slvin.  Tlu^re  is  little 
doubt  that  the  pigmentation  in  Addison's  (lis(‘a,s(^  r(\jH'(^S(^nts  an 
increase  of  normal  pigment,  though  this  has  bcavn  (  juest  ioiuHl  l)y  some. 
Pigmented  patches  occur  on  the  skin  in  chloasma,,  a,  condition  of 
obscure  origin;  sometimes  it  is  apparently  dm^  to  ovaria.n  disoiaha* 
and  sometimes  related  to  pregnancy,  a  state  in  vrlii(‘li  pignumtical 
parts,  e.g.  the  nipples,  may  become  of  deeper  tint  lUKha*  tlu‘  inlliKMU'-e 
of  oestrogenic  hormones.  Areas  devoid  of  pigment,  occur  in  tlu': 
condition  known  as  leucoderma  (vitiligo)  and  this  may  a,tl,(md(‘d 
with  increase  of  pigment  in  the  intervening  parts.  Tlu^  c,a,iisa,tion.  is 
obscure  but  in  the  affected  areas  the  dendiatic  c(dls  a,r(^  of  a,bnorrnai 
structure  and  have  lost  their  capacity  to  oxidise^  ‘  do  pa,  ''  t,o  Ibrm  |)ig- 
ment.  Irregular  pigmentation  of  the  skin  is  of  (x)mmon  oc.(*,uri‘(Mu;(^ 
in  chronic  arsenical  poisoning.  Thc‘  wdiolc^  (iiu'st,ion  of  j)igmt‘.nt 
metabolism  in  the  skin  is  obsemreg  but  it  is  known  t,o  b(‘.  a,ncct,ed  by  a. 
variety  of  influences,  such  as  exposure  to  liglit,  irritai,ion,  a,nd  imaaniscxl 
vascularity,  action  of  endocrine  glands  (at  least  tln^  a,dr(vnals  and 
ovaries),  and  nervous  changes.  Melanin  })ignKMitatiion  is  1,0  b(‘  dis¬ 
tinguished  from  that  resulting  from  tlu^  deposit,  of  blood  j)igm(mts, 
where  there  has  been  escape  of  red  corpuscles,  e.g.  in  pni*j)nri(^  a,nd 
erythematous  conditions,  etc.  In  ‘  bronzed  diabetes  ’  also,  tlu^  c,olour 
of  the  skin  is  partly  due  to  deposit  of  Inemosiderin  in  t,lH^  (a it, is, 
notably  around  the  sweat  glands  (p.  162),  but  also  to  inc,r(Nis(‘=  in. 
melanin.  Melanin  pigment  is  formed  in  large  amount  in  tln^  m(da,n()t,ie, 
tumours  which  arise  from  pigmented  moles  and  warts  on  t,lu^  skin 
or  from  the  pigmented  coats  of  the  eyeball,  and  most  analys(\s  ha,v(^ 
been  carried  out  on  the  pigment  from  such  tumours.  Ttu^  uvhw.  of 
patients  suffering  from  extensive  melanotic  growths  occnsionally 
contains  a  melanogen  which,  on  exposure  to  the  oxygevn  of  tln^  air, 
assumes  a  dark  brown  colour,  and  a  similar  condition  of  thn  urines 
is  produced  when  melanin  is  injected  into  animals. 

Melanosis  coli.  This  is  a  fairly  common  condition  occurring  in  the  large 
intestine  and  characterised  by  areas  with  varying  degrees  of  greyish  to  black 
pigmentation  of  the  mucosa.  The  pigment  is  a  melanin  which  is  mainly 
contained  within  rounded  cells  in  the  mucosa ;  it  is  absent  from  the  epithelial 
cells.  The  condition  is  commonest  when  there  has  been  intestinal  stasis  or 
chronic  obstruction,  and  it  is  now  recognised  to  be  the  result  of  a,bsorption  of 
aromatic  products  from  the  gut.  These  were  thought  to  be  derived  from  exces-, 
sive  protein  putrefaction,  but  more  probably  they  take  origin  in  certain  purga¬ 
tives  taken  over  a  prolonged  period,  especially  those  containing  the  anthra- 
quinone  nucleus.  These  substances  are  oxidised  by  the  cells  in  the  mucosa 
to  form  pigment.  The  cells  containing  pigment  are  found  to  be  dopa-negative, 
that  is,  are  not  melanoblasts. 
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Ochronosis.  This  is  a  very  rare  condition  in  which  cartilages,  capsules  of 
Joints  and  other  soft  tissues  assume  a  dark  brown  or  almost  black  colour, 
owing  to  the  deposit  of  pigment.  The  pigment  has  been  found  to  belong  to  the 
melanin  group.  In  a  pretty  large  proportion  of  cases  of  ochronosis,  alkaptonuria 
has  been  present,  a  condition  in  which  homogentisic  acid  is  present  in  the  urine ; 
this  substance  is  formed  from  aromatic  compounds  such  as  tyrosine  and 
phenylalanine,  there  apparently  being  in  alkaptonurics  an  inability  to  break 
up  the  benzene  ring  in  these  substances.  It  would  accordingly  appear  as  if  in 
some  cases  (a  small  proportion)  of  alkaptonuria,  these  aromatic  compounds 
become  oxidised  into  pigments  (as  is  known  to  occur  under  the  action  of  tyrosinase) 
and  deposited  in  the  tissues,  producing  the  condition  of  ochronosis.  In  some 
cases  ochronosis  has  followed  the  use  of  carboho  dressings  for  a  long  time,  and 
the  pigment  is  believed  to  be  formed  from  the  absorbed  carbolic  acid.  This  has 
been  called  exogenous  ochronosis. 

(2)  Haematogenous  Pigmentatioii.  The  pigments  derived 
from  the  disintegration  of 
haemoglobin  are  of  two  main 
types,  viz.  those  containing 
iron,  and  those  without  iron. 

In  the  normal  haemolysis  con¬ 
stantly  occurring,  the  latter 
are  excreted  chiefly  by  the 
liver  as  bile  pigments,  while 
the  iron-containing  moiety  is 
retained  mainly  in  an  invisible 
form  and  the  iron  is  used  in 
blood  formation.  In  patho¬ 
logical  states  haemoglobin  is 
broken  up  in  similar  manner 
and  most  cells  seem  to  have  the 
power  to  effect  the  change. 

The  resulting  pigments  may  be 
deposited  in  the  tissues  around 
some  local  destruction,  e.g.  that 
following  a  haemorrhage,  or  in  certain  organs  when  there  has  been 
a  process  of  general  blood  destruction.  When  haemorrhage  occurs 
into  the  tissues  the  red  corpuscles  become  haemolysed,  and  their 
haemoglobin  is  broken  up  by  tissue  enzymes.  There  thus  arise  various 
soluble  pigments  in  different  stages  of  oxidation,  which  leroduce  the 
colours  in  the  skin  around  a  bruise.  In  many  situations  a  considerable 
amount  of  effused  blood  may  be  absorbed  without  deposit  of  pigments, 
but  in  certain  circumstances  where  absorption  is  imperfect,  pigments 
are  deposited  in  soHd  form.  The  formed  pigments  derived  from  red 
corpuscles  or  free  haemoglobin  and  deposited  in  the  tissues  are  of  two 
types,  viz.  iron- free,  and  iron-containing. 

(a)  Iron-free  figments.  The  chief  of  these  is  known  as  hsematoidin, 
which  occurs  in  the  form  of  characteristic  rhombic  crystals  of  mahogany 
browm  colour,  though  also  as  needles  and  granules.  Haematoidin  is 
formed  mainly  from  large  accumulations  of  blood  ;  thus  the  rhombic 


Fig.  98. — Haematoidiii  crystals  and 
granular  pigment,  some  of  the  latter 
being  within  phagocytes,  x  350. 


(From  the  wall  of  an  old  cerebral  hemorrhage.) 
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crystals  are  often  met  with  in  the  sites  of  old  (U‘rc‘bra,l  lue.niorrloigc^s, 
in  thrombi,  iiaBinorrhagic  infarcts,  etc.  It  is  found  both  in  the  free 
condition  and  within  cells.  Experiments  by  Muii‘  and  Janet  Niven 
show  clearly  that  in  certain  conditions  when  red  corpuscles  are  ingested 
by  macrophages,  formation  of  hsematoidin  crystals  witlnn  tliese  cells 
mav  follow  (Figs.  99,  100). 

H^matoidin  has  been  found  to  have  the  same  composition  as 
bilirubin,  and  gives  the  same  chemical  reactions.  In  the  van.  den 
Bergh  reaction,  we  have  a  delicate  test  for  the  presence  of  bilirubin, 
and  its  application  has  shown  that,  when  blood  is  eilused  into  the 
tissues  or  into  cavities,  there  is  soon  formed  a  considerable  amount 
of  bilirubin  which  gives  the  indirect  reaction. 

(b)  lTon-cofikti7hing  ‘pigm&tits.  When  red  corpuscles  arc  ingested 


Fig.  99. — Two  phagocytes  from 
sabcataneous  tissue  of  mouse  con¬ 
taining  numerous  erythrocytes 
and  some  hsemosiderin  granules, 

6  days  after  injection  of  erythro¬ 
cytes.  X  750. 

rrom  preparations  by’! 


Fig.  100.— Intracellular  ro,rniadi()n 
of  hiematoidin  in  num.rop Inigos 
of  mouse,  16  days  a,fi-(n-  injin*-- 
tions  of  lucmoglobin.  X  600. 


Janet  S.  F.  Niven. 


by  phagocytes  the  haemoglobin  becomes  broken  up  and  a  [)igment  is 
formed,  at  first  diffuse,  afterwards  granular,  which  gives  the  (duunic,al 
reactions  of  iron.  The  term  hemosiderin  is  applied  to  such,  pigment 
— it  does  not  indicate  a  definite  chemical  substance,  merely  a  pigment 
which  gives  the  iron  reaction.  Haemosiderin  is  usually  seen  in  the 
form  of  yellow^^rown  granules,  and  is  contained  chiefly  wit] i  in  et'ils. 
As  in  the  normal  condition,  the  reticnlo-endothelial  system  plays  in 
pathological  states  an  active  part  in  the  metabolism  of  haemoglobin,  and 
deposits  of  haemosiderin  in  it  are  of  common  occurrence.  Within  tlie 
phagoc3dic  cells  of  the  spken  or  lymplmodes,  all  stages  of  transition 
from  incorporated  red  corpuscles  to  haemosiderin  may  often  be  seen; 
and  the  pigment  may  present  various  depths  of  colour  when  treated 
with  hydrochloric  acid  and  potassium  ferrocyanide,  corresponding 
to  stages  of  disintegration.  Ultimately,  the  iron  may  be  in  a  com¬ 
paratively  simple  compound  as  is  shown  by  its  high  percentage 
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in  certain  conditions  ;  for  example,  in  the  lymphnodes  in  hsemo- 
chromatosis  the  amount  of  iron  may  be  more  than  10  per  cent, 
of  the  dried  substance. 

When  hseinoglobin  in  sufficient  amount  is  introduced  into  the 
tissues  it  is  absorbed  by  phagocytes,  especially  histiocytes,  and  the 
cytoplasm  of  these  cells  soon  gives  a  diffuse  iron  reaction  ;  thereafter 
granular  hsemosiderin  appears.  Experiments  by  Muir  and  Janet 
Niven  also  show  that  in  such  conditions  crystals  of  hsematoidin  may 
form  at  a  later  date  within  the  cells.  It  would  appear  that  in  the 
destruction  both  of  erythrocytes  and  of  free  haemoglobin,  the  iron- 
^A^^'eacting  substance  up  to  a  certain  stage  may  still  contain  the  bilirubin 
r^oiety,  and  that  this  afterwards  may  be  split  off  and  crystalhse  as 
V  haematoidin. 

A  When  there  is  excessive  destruction  of  red  corpuscles  in  the  circula- 
^  twn,  as  in  certain  infections  and  poisonings  or  after  transfusion  of 
incompatible  blood,  the  haemoglobin  is  broken  up  in  a  way  similar 
'  to  that  described.  The  iron-free  pigment  is  excreted  chiefly  in  the 
bile,  which  contains  an  excess  of  bilirubin,  and  to  some  extent  in  the 
urine  and  bile  as  urobilin.  A  certain  increase  of  bilirubin  may  be 
detected  in  the  blood,  this  giving  van  den  Bergh’s  indirect  reaction 
though  there  may  be  no  actual  coloration  of  the  skin.  The  pro¬ 
cess  of  blood  destruction  takes  place  in  two  ways.  On  the  one  hand, 
damaged  red  corpuscles  are  ingested  by  macrophages,  K.upffer  cells 
and  other  cells  belonging  to  the  reticido-endothelial  system  (p.  72). 
especially  in  the  pulp  of  the  spleen  ;  and  haemosiderin  is  formed  within 
them — a  process  of  hsemophagocytosis.  On  the  other  hand,  haemoglobin 
may  be  set  free  in  the  plasma  by  intravascular  but  extracellular 
hsemolysis.  The  resulting  free  haemoglobin  is  taken  up  as  such  onlj 
scantily  by  the  cells  of  the  reticulo-endothelial  system.  Most  of  it 
combines  with  plasma  albumin  to  form  met-h^malbumin  which  is 
slowly  broken  down  and  excreted  as  coproporph^nin  III  by  the  liver. 
When  the  concentration  of  free  hemoglobin  in  the  plasma  exceeds 
150  mg.  per  100  ml.  (representing  destruction  of  about  30  ml.  of 
blood), \emoglobin  is  rapidly  excreted  in  the  glomerular  filtrate,  and 
some  is  taken  up  by  the  cells  of  the  convoluted  tubules  where  it  is 
broken  down  with  retention  of  hemosiderin  hi  granular  form.  This 
is  well  exemplified  in  paroxysmal  haemoglobinuria  in  which  much 
haemosiderin  accumulates  in  the  kidneys  and  a  small  amount  also 
in  the  spleen  and  liver.  When  h^moglobinaeniia  persists  for  some 
time  at  a  level  insufficient  to  produce  hemoglobinuria  there  is  never¬ 
theless  marked  breakdown  in  the  renal  tubule  cells  with  consequent 
haemosiderin  storages  ;  it  is  uncertain  whether  this  results  from  passage 
of  hemoglobin  into  the  filtrate  with  total  reabsorption  by  the  tubule 
cells.  The  earliest  iron  reaction  given  by  the  kidney  is  a  slight  diffuse 
blue  staining  with  ferrocyanide  of  potassium  and  hydrochloric^  acid. 
This  may  be  found  a  few  hours  after  hemoglobin  has  been  injected 
into  the' blood  of  an  animal.  A  day  or  two  later  minute  granules 
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Fig.  101. — Granules  of  haemosiderin  in  liver 
cells,  from  a  case  of  pernicious  anaimia. 
X  250. 


appear,  and  these  then  increase  in  size  and  amount  ;  ultimately  the 
cells  of  the  convoluted  tubules  may  contain  iron-reacting  gi'amiles  in 

large  amo u  nt .  Wlie:n  luBmo - 
♦ lysis,  with  resulting  lunmo- 
A*,  c,  ,  globina3m,ia,iscontiniie(lfor 

V some  time,  lueniosiderin 
>4 granules  appear  also  in  the 
'  y?.* t’t  liver  cells.  E.xperiiuents 

performed  by  Muir  and 
'ii*  l^^wt'vci’,  fiiilcd 

■?■  ‘’'"y  evidence'  tliat 

‘i  haimogk)bin  is  (vxereted  in 

V-;'  '  *  A‘^*"**  ‘ 

‘*  y***  -*  >4^  ^  «  jc**  Accumulation  of  luBino- 

siderin  in  organs,  or  visceral 
/  tf  tv- *  si(^Qrosis,  is  met  with  in 

*  ^  conditions  of  blood  destruc- 

_  /  ^..  often  be 

Fig.  1()1. — Granules  of  haemosiderin  in  liver  demonstrated  at  a  post- 

cells  from  a  case  of  pernicious  anaemia.  examination  by 

X  250  ^ 

means  of  ferrocyanide  of 

potassium  and  hydrochloric  acid,  or  by  ammonium  sulphide,  which 
colours  the  hccmosiderin  black.  It  is  a  marked  feature  in  pernicious 
ansemia,  the  liver,  and  usually 
the  kidneys  and  spleen,  giving  ^ 

diseases.  Moreover,  in  some 
severe  infections^  notably  tho^^ 

globin  staining  of  the  intima 

of  the  large  arteries  and  f 

sufficient  accumulation  of  iron  102. — Babbit’s  kidney,  sliowing  ex- 

to  give  a  visible  reaction.  tensive  deposit  of  luBmosiderin  in  con- 

TTjmnosideTOSi\  can  he  uro-  pointed  tubules,  the  result  of  long- 

nsemosiaerosis  can  oe  pro  continued  hsemoglobinsemia  without 

d  u  c  e  d  experimentally  by  hsemoglobinuria.  x  60. 

various  poisons  such  as 

tolnylenediamine,  pyrogallic  acid,  arseninretted  hydrogen,  etc.,  and 
notably  by  a  hsemolytic  serum.  Experiments  by  Muir  and  Shaw 
Dnnn  showed  that  haemosiderin  derived  from  blood  destruction,  when 
deposited  in  the  liver  and  other  organs,  is  rapidly  used  up  again  during 


Fig,  102. — Babbit’s  kidney,  showing  ex¬ 
tensive  deposit  of  luBmosiderin  in  con¬ 
voluted  tubules,  the  result  of  long- 
continued  luBmoglobinsemia  without 
hsemoglobinuria.  x  60. 
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the  process  of  regeneration  of  the  blood.  This  is  also  the  case  in 
pernicious  ansemia  and  cases  adequately  treated  bj'  liver  extracts  show 
practically  complete  re-utilisation  of  the  iron  stored  during  the  relapse 
phase.  In  cases  of  visceral  siclerosis  the  relative  amount  of  iron  in 
the  various  orpns  (liver,  spleen,  kidneys)  varies  greatly.  This  eamiot 
be  fully  explained,  but  it  would  appear  to  depend  in  great  part  on  the 
extent  to  which  lysis  and  phagocytosis  respectively  are  concerned  in 
the  process  of  blood  destruction.  The  largest  deposits  of  ha3mosiderin, 
however,  are  met  with  in  the  disease  knowni  as  hsemoehroniatosis 
{vide  infm).  TVe  may  add  that  sufheient  haemosiderm  to  give  a 
distinct  iron  reaction  is  a  ?iormal  finding  in  the  liver  and  spleen  of 
infants  up  to  the  third  month  of  life. 

MdldTidl  PigTuentcttioTi.  In  malarial  fever  the  parasites  within 
the  red  corpuscles  produce  from  the  haemoglobin  a  dark-brown  pig¬ 
ment  in  the  form  of  very  minute  granules,  w^hich  accumulates  within 
the  intra-corpuscular  parasites.  It  becomes  free  when  the  corpuscles 
are  broken  down,  and  is  taken  up  by  phagocytes  and  deposited  in 
organs,  especially  the  spleen  and  liver,  where  it  remains  practicallj"' 
unchanged  for  many  years.  Malarial  pigment  contains  iron,  though 
it  reacts  negatively  wdth  the  ordinary  Prussian  blue  test,  and  there 
is  no  evidence  that  it  has  any  relation  to  melanin.  W.  H.  Brown 
showed  that  in  its  solubilities  and  bleaching  properties  it  differs  from 
the  latter  and  that  a  solution  of  it  gives  the  spectroscopic  bands 
of  hsematin.  When  there  is  much  blood  destruction,  especially  in 
severe  cases  of  the  malignant  type,  baemosiderin  may  he  deposited  in 
the  organs  in  addition  to  the  malarial  pigment. 

Haemochromatosis.  This  name  was  applied  by  v.  Recklinghausen  to  a 
condition  in  which  there  is  an  extensive  deposit  of  hiemosiderin  in  the  organs 
and  tissues,  without  anasmia  or  other  evidence  that  there  is  increased  blood 
destruction.  Along  with  the  hsemosiderin  there  is  sometimes  a  proportion  of 
pigment  which  does  not  give  the  iron  reaction ;  when  present,  it  occurs  chiefly 
in  the  non -striped  muscle  of  the  intestine.  But  the  outstanding  feature  is  the 
extensive  deposit  of  hsemosiderin,  which  reaches  a  degree  not  met  with  in  any 
other  condition.  Not  only  so,  but  it  occurs  more  widely  than  that  seen  as  the 
result  of  haemolysis.  The  largest  actual  amount  is  present  in  the  liver,  but  the 
hsemosiderin  may  occur  in  even  greater  concentration  in  the  lymphatic  glands 
in  the  upper  part  of  the  abdomen.  It  occurs  in  the  skin,  especially  around  the 
sweat  glands,  in  the  kidneys  and  spleen  ;  also  in  the  pancreas,  gastric  glands,  heart 
muscle,  sometimes  in  the  thyroid,  etc.  In  the  liver  it  is  always  accompanied  by 
a  somewhat  fine  cirrhosis,  usually  with  enlargement,  and  there  seems  to  be  no 
doubt  that  the  cirrhosis  precedes  the  deposit  of  pigment.  In  advanced  cases, 
however,  when  the  liver  cells  are  stuffed  with  pigment  granules,  it  is  quite 
likely  that  they  may  become  damaged  and  even  undergo  necrosis,  and  that 
in  this  way  the  cirrhosis  may  be  intensified.  There  is  often  also  cirrhosis  of 
the  pancreas,  and,  as  a  result  of  this,  diabetes  may  be  produced.  This  sets 
in  usually  at  a  somewhat  advanced  stage,  at  which  there  is  often  sujffieient 
pigment  in  the  skin  to  give  a  distinct  brown  colour — Whence  the  term  bronzed 
diabetes.  Although  bronzed  diabetes  is  a  rare  condition,  there  is  no  doubt 
that  haemochromatosis  in  varying  degree  is  a  commoner  condition  than  was 
formerly  supposed.  The  etiology  of  haemochromatosis  is  not  understood.  As 
has  been  said,  there  is  no  evidence  of  abnormal  haemolysis  which  would  explain 
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the  hemosiderosis,  nor,  in  fact,  is  it  certain  tluit  a, 11  the  iron  in  Ihc  orga.ns  luis 
been  derived  from  hemoglobin,  dliere  seems  to  ho  a,l)nornud  a,irmity  of  the 
tissues  and  organs  for  iron,  and  tho  largo  amount,  of  iron  whieli  a,ccuniula,tos 
necessarily  implies  a  retention  of  iron  ov'cr  a  long  period  of  (hiu^.  It,  is  not 
known,  however,  what  leads  to  tlu'.  retention,  of  iron,  hut  fSluddon  mgards  th(^ 
disease  as  an  inborn  error  of  metabolism  in  which  (l,('fiei('ncy  ol’  an  (nr/vnu‘  sysl,(Mn 
is  responsible  for  the  lack  of  re-utilisation  ol  haanoglobin  iron.  (  ('rtiainly  a  la.ilurc' 
to  re-utilise  the  iron  liberated  from  normal  w(Nir-and-t('ar  bivalnlown  of  ivd 
cells  would  necessitate  an  increast'd  absori)ti<)n  of  iron  rrojn  l\\v,  ininstha'. 
Whether  or  not  the  iron  in  the  tissues  j)a,sHos  through  th<‘  Corm  of  liaMnoglohiu 
before  its  deposition  it  must  ultimately  cone ^  from  the  iron  of  t-lu'  food,  and  ch^irly 
even  with  a  generous  estimate  of  tho  iron  in  tho  di(‘t,  Mk',  c'xec'ss  pr(^s(Md,  is  sneli 
as  to  imply  retention  of  all  the  food  iron  over  a,  pinlod  of  ^yoars. 

We  may  mention  that,  while  in  such  a  h3emoly(,ic  condition  as  ixvrnieious 
ansemia  the  iron  in  the  liver  is  about  0-3  per  cent,  of  tln^  dried  substance,  in 
hsemochromatosis  it  may  reach  5  per  cent,  or  more,  while  in  the  lyinplinodes 
it  may  exceed  10  per  cent. 

The  distribution  of  haunosiderin  in  hainochromatosis  is  ol'a,  strikii»g  cba.ractiM-, 
occurring  in  organs  such. as  the  heart,  stoimicJi,  cd.c.,  wIumh^  deposits  are  not 
usually  met  Avith  in  luemolytic  states.  Rous  and  Olivia*  ha,v(*,  found,  howc'vm-, 
that  when  a  rabbit  is  repeatedly  transfused  with  rial  cei'pusidi's  ov<'r  a,  pia-iod 
of  seAWal  months  hamosideriii  accumulates  hi  largn  amount  and  its  distrilail.ioji 
comes  to  correspond  Avith  that  met  Avith  in  hamioidiromatosis.  ‘We  luivi^  obsi'i-A-ial 
a  similar  state  in  two  persons  Acho,  on  account  ol'  a,j>la,si.ic.  anaunia,,  had  ri'ciavial 
a  very  large  number  of  blood  transfLisioiis  ovov  a,  pmlod  of  ;^'('ars  ;  waa, 

however,  no  evidence  of  cirrhosis  of  IRer  or  j)an(*r(*a,s.  J la‘mocliro,matosis  is 
comparatively  rare  in  Great  Britain  but  Straclmn  sbowi'd  that,  i(,  is  (‘XiuH'dingly 
common  among  South  African  natives.  Tlu'  Gillmans  luive  conlirnu'd  this  ami 
liaA^e  correlated  the  widespread  inalmitr  it  ion  and  assoidati'd  pclhigroid  conditions 
in  the  Bantu  with  the  great  frecpiency  of  the  distaise,  l.o  whiidi  tluy  giia*  tlu'  mum* 
cyto-siderosis.  We  have  not  foiuid  Inemosidia-osis  to  bi^  a,  fcaiturt^  of  pi^Ilagra,  in 
Great  Britain.  Mallory  believed  that  hsemochronialiosis  in  tlu^  bunmn  subjiad. 
might  result  from  copper  poisoning,  the  source,  of  the  cop[)er  bi'ing  conta,,n\ina,ted 
foods  and  distilled  beverages.  By  the  administration  of  (*oj)|)(a-  sa,U.s  to  ra.bbii,s 
over  a  considerable  peiuod,  extreme  pigmentation  of  tlui  liver  and  cirrhosis 
resulted.  The  pigment  which  accumulates  in  tlie  rabbit  livau’,  (allied  by  I, hum 
hse^nofuscin,  did  not  gWe  the  iron  reaction  ;  in  monlvoys,  howevin-,  |)a,rt  of  it 
did  so.  They  supposed  hsemofuscin  to  be  an  intermedia, to  sliage  iii  tlu'i  foi*Huil,ion 
of  hemosiderin  but  no  chemical  data  to  support  tins  AviaA^  givcai.  hh'om  our 
owm  observations  we  have  obtained  no  satisfactory  ovidenc.e  that  a,  pignaMit 
which  does  not  gme  the  ii'on  reaction  is  formed  in  this  way.  Sonu^  of  tlu^  ii-en- 
free  pigment,  e.g.  that  occurring  in  non-striped  muscle,  epitludial  (udls,  (d,c,.,  is 
of  lipoidal  nature — lipofuscin — and  its  formatmn  from  lucmoglobin  has  noi,  Ixmmi, 
established.  The  term  hsemofuscin  has  been  applied  by  otrher  \vi*iter's  also  to 
a  pigment  occurring  in  the  form  of  minute  broAvnish-yc^llovv  gTa.niil(^s  wliich  do 
not  give  the  iron  reaction.  Some  consider  that  it-  may  b(^  formed  I'rom  luemo- 
siderin,  the  iron  becoming  split  off  and  disappearing  ;  in  tliis  ca,S(^  tlu^  ])ignuait 
is  probably  hsematoidin  or  allied  to  it.  It  is  clear  that  tlie  ka-tu  liaunol'useiii 
has  been  applied  to  different  substances  a,nd  it  is  \xu'y  desira,ble  tha,(,  (atlua*  it 
should  be  properly  defined  or  its  use  discontinued. 

Biliary  Pigmentation.  This  occurs  especially  in  jaundice,  the 
pathology  of  which  will  be  considered  in  connection  with  diseases  of 
the  liver.  At  present  we  shall  describe  only  the  nature  and  distribution 
of  the  pigmentation.  In  the  majority  of  cases  of  jaundice  the  colora¬ 
tion  of  the  skin  and  other  tissues  is  due  to  absorption  of  bile  pigments 
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from  the  liver,  when  the  passage  of  bile  is  interfered  with  by  some 
obstruction ;  the  pigments  are  then  in  solution  in  the  blood  and  tymph 
throughout  the  body,  and  in  the  adult,  as  a  rule,  there  is  no  actual 
deposit  except  in  the  liver  and  kidneys  when  the  condition  has  lasted 
for  some  time.  As  a  result  of  the  obstruction,  the  bile  pigment  retained 
in  the  liver  cells  becomes  deposited  in  the  form  of  small  greenish-brown 
granules,  these  being  usually  most  distinct  in  the  central  parts  of  the 
lobules.  In  the  bile  capillaries,  the  retained  bile  gradually  becomes 
inspissated  or  thickened ;  ultimately  elongated  homogeneous  casts 
of  olive-green  colour  are  formed  within  them,  and  not  infrequently 
minute  branches  can  be  seen  passing  back  from  these  into  the  interior 
of  the  liver  cells.  Such  appearances  are  specially  met  with  in  obstruc¬ 
tive  jaundice  of  long  duration.  The  bile  pigment  is  excreted  by  the 
kidneys,  and  a  finely  granular  deposit  occurs  in  the  cells  of  the  con¬ 
voluted  tubules.  Portions  of  the  pigmented  cells  become  broken  off 
and  form  granular  collections  in  the  tubules,  and  these  on  passing 
downwards  become  condensed,  so  that  in  the  lower  parts  hyaline 
cylinders  of  brownish-green  colour  may  be  present. 

In  childi’en,  however,  bile  pigment  has  a  greater  tendency  to 
separate  out  in  the  tissues.  Thus  in  the  jamidice  common  after  birth 
icterus  neonaiorum — ^the  bile  pigment  may  become  deposited  in  the 
form  of  minute  needle -like  crystals  and  rhombic  prisms  of  haematoidin. 
This  occurs  notably  in  the  kidneys,  in  the  tissue  between  the  tubules 
at  the  apices  of  the  pyramids,  and  the  term  bilirubin  infarct  is  applied. 

(3)  Atrophic  Pigmentation.  In  the  later  years  of  life  a  fine 
brownish-yellow  pigment  tends  to  appear  in  the  heart  muscle,  non- 
striped  muscle,  etc.  ;  and  in  wasting  diseases  this  accumulation  of 
pigment  tends  to  be  more  marked.  In  the  heart  muscle  the  pigment 
accumulates  in  the  central  part  of  the  cells  at  the  poles  of  the  nucleus, 
and  when  this  is  associated  with  wasting  of  the  muscle,  the  term 
brown  atrophy  is  applied.  Similar  pigment  may  occur  in  the  liver 
cells,  especially  in  the  central  parts  of  the  lobules,  in  the  cells  of  the 
testis,  and  in  the  nerve  cells  of  the  cortex  of  the  brain.  In  the  last 
situation  a  considerable  amount  of  pigment  is  met  with  in  senile 
ins^ty  and  allied  conditions,  the  change  being  known  as  fuscous 
degeneration.  The  pigment  is  to  be  distinguished  from  that  which 
occurs  normally  in  pigmented  nuclei,  e.g.  in  the  locus  coeruleus  and 
substantia  nigra,  and  which  appears  to  belong  to  the  melanin  group. 
The  exact  nature  of  the  pigment  which  occurs  in  brown  atrophy, 
etc.,  is  not  known,  but  is  believed  to  be  chiefly  of  lipoidal  nature, 
as  it  reduces  perosmic  acid  to  a  certain  extent,  and  is  usually  coloured 
by  the  Sudan  stains.  It  is  often  called  lipofuscin. 

(B)  ExoaENOTJS  Pigmentation. 

The  most  important  variety  of  exogenous  pigmentation  is  that 
produced  by  the  entrance  of  dust  particles  through  the  respiratory 
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passages.  A  certain  amount  of  coal-dust  and  stone-dust  cutei'.s  and 
accumulates  in  the  lungs  of  all  individuals  living  in  ordinary  conditions, 
but  the  accumulation  becomes  excessive  in  the  ease  of  those  who.se 
occupation  exposes  them  to  an  atmosphere  rich  in  du.st.  'The  lungs 
may  become  infiltrated  in  this  way  by  foreign  particles  of  various 
kinds — coal,  stone,  iron,  cinnabar  and  various  organic  sid)stanoes — -and 
pathological  results  may  follow.  These  will  be  described  later  in 
connection  with  the  diseases  of  the  lungs,  and  at  present  \vc  sliall 
speak  only  of  the  distribution  of  the  particles. 

The  entrance  of  such  particles  into  the  lungs  is  favoured  by  the 
presence  of  bronchial  catarrh  or  other  condition  in  vvliich  there  is  an 

interference  with  the  action  of 
^  ^  **  ^  the  ciliated  epithelium,  Init  it 

***'’'»*,!?  ■  is  found  tliat  (wtvn  in  a  (|uit(^ 

W,  'V*.  *<  '  ‘  '  healthy  animal,  fiiKMliist  rapidly 

;  \*  y  gains  access  to  tlie  prdmonary 

K'i  s ^  alveoli  if  the  junonnt  in  tlu^ 

'  "'ft''*  inspired  air  be  gn-at.  In,  a  very 

i  I*  "*  *  J  .short  tinu‘  the  dust  particles 

V*  ^  are  taken  up  hv  nliagocytc's  in 

^  tiie  pulrnonary  aJvcoli  and  r.iiv 
4  %,  *  JL  lyinplnitic  systxnn. 

^  origin  of  tlio  pljagoayi.k^ 

I  ^  ^  nuicii  (liMputxxl 

1.  I' >'  "V  subject.  They  have  genera, lly 

^  '*  *  y  ..  been  regarded  as  derived  From 

^  \  y  ^  ^  ^  the  flattened  alveolar epitluTiinu, 

^  t  A  *  ■  1  but  recently  certa,in  observeuvs 

claim  that  they  arc  macrophages 
\  1%  t.'V*  i  from  the  tissues.  I  consider 

J*J_i  .'isfcJ.lT'  A'-'?:  5'.>f  that  the  former  view  is 

Fig.  103. — Antliracosis  of  liver,  show-  essentially  correct,  tboiigb  the 

ing  deposit  of  carbon  pigment  qqHs  of  epithelial  Origin  may  1)6 

especially  in  and  around  the  portal  |  i  i  .  i  n 

tracts.  (Dr.  J.  F.  Heggie.)  X  U.  afterwards  added  to  by  cells 

which  have  passed  into  the  alveoli 
from  the  pulmonary  stroma.  Carbon  and  other  dust  j)a,rtic,l('s  intro¬ 
duced  by  intra-tracheal  insufflation  are  taken  uj)  by  tlu^  a,lv(M)la,r  (‘pi- 
thelium  before  there  is  time  for  any  emigration  of  nuu*,r()j)h<igc\s  from 
the  tissues.  The  phagocytes  with  the  ingested  particles  tlum  migrates, 
some  enter  the  lymphatics  and  are  then  distributed  tlxrougliout  tlic 
connective  tissue  of  the  lungs,  accumulating  specially  in  the  walls  of 
the  respiratory  bronchioles  and  in  the  lymphoid  collections  of  the 
lungs,  hut  many  are  carried  to  the  hilum  nodes  and  some  also  reach 
the  pleura.  The  degree  of  irritation  resulting  depends  on  the  nature 
of  the  particles.  Large  collections  of  carbon  particles  may  be  accom¬ 
panied  by  little  or  no  overgrowth  of  connective  tissue — anthracosis— 
whereas  this  is  very  marked  in  the  case  of  certain  kinds  of  stone-dust, 
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Fig.  103. — Antliracosis  of  liver,  show¬ 
ing  deposit  of  carbon  pigment 
especially  in  and  around  the  portal 
tracts.  (Dr.  J.  F.  Heggie.)  X  IL 
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tlie  conditioii  of  silicosis  resulting  (p.  425).  Tlie  broncliial  glands 
become  pigmented  and  enlarged,  and  permanent  acciimulation  occurs 
within  the  reticular  and  other  cells.  Occasionally  in  antliracosis,  a 
lymphatic  gland  ruptures  into  a  pulmonary  vessel  and  pigment  becomes 
distributed  through  the  general  circulation.  It  is  then  found  especially 
in  the  sp^en,  where  it  may  form  small  black  areas  Ausible  to  the 
naked  eye,  though  also  in  the  bone  marrow  and  liver  (Fig.  103).  When 
accumulation  of  pigment  has  occurred  in  the  lungs,  there  is  a  certain 
reversal  of  the  process  when  an  individual  is  removed  to  less  dusty 
conditions,  the  pigment  bemg  carried  into  the  alveoli  by  phagoc\i:es 
and  then  removed  in  the  sputum.  This  is  seen,  for  example,  in 
miners  whose  sputum  has  a  black  colour  and  contains  much  coal-dust — 
the  so-called  ‘  black  spitJ 

Examples  of  pigmentation  due  to  absorption  from  the  alimentary 
canal  are  of  rare  occurrence.  The  best  example  is  argyria,  which 
results  from  the  taking  of  silver  preparations  for  therapeutical  pur¬ 
poses  for  a  long  period  of  time.  Silver  forms  an  albuminate  which  is 
carried  to  various  parts  of  the  body,  and  when  it  undergoes  reduction 
many  minute  brownish-grey  granules  are  formed.  These  are  present 
especially  in  the  wall  of  the  int^tine,  in  the  skin,  liver,  and  kidneys  ;  and 
in  the  last  mentioned  they  occur  especially  in  the  basement  membrane  of 
the  collecting  tubules,  and  to  a  less  extent  in  the  tissues  around.  The 
presence  of  the  particles  in  the  skin  gives  rise  to  a  characteristic  dusky 
appearance,  wdiich  is  of  a  practically  jjermanent  character.  In  chronic 
^^^iP^isoning  an  albuminate  is  produced  in  a  similar  wajg  and  the 
action  of  sulphuretted  hydrogen  on  it  round  the  teeth  produces  the 
well-knovm  blue  line  on  the  gums. 

In  the  case  of  tattooing,  fine  particles  such  as  Indian  ink,  ultra- 
marine,  cinnabar,  etc.,  introduced  through  the  skin,  are  taken  up  by 
histiocytes  (p.  72)  and  lodge  in  small  spaces  or  clefts  in  the  connective 
tissue  of  the  cutis.  The  particles  are  carried  also  by  the  lymph  stream 
to  the  regional  lymphatic  glands  and  then  are  conveyed  by  phagocytes 
into  the  lymphoid  tissue.  Both  at  the  site  of  introduction  and  in  the 
lymphnodes  the  pigment  persists  for  an  indefinite  period  of  time. 


CALCIFICATION 

In  this  condition  there  occurs  a  deposit  of  lime  salts,  first  of  all 
in  fibres  or  in  matrix  between  the  cells,  or  in  dead  or  degenerating 
material.  It  differs  from  ossification  inasmuch  as  the  deposit  occurs 
irregularly  and  without  any  definite  relation  to  the  organic  matrix  ; 
it  occurs  also  in  excess,  so  that  cretaceous  material  is  formed,  in  which 
the  cells  of  the  part  may  be  involved  and  killed.  What  may  be 
regarded  as  almost  a  normal  form  of  calcification  is  that  seen  in  old 
age,  especially  in  cartilage,  e.g.  the  costal  and  tracheal  cartilages.  It 
has  been  supposed  that  it  is  due  to  the  absorption  of  lime  salts  from 
the  bones,  which  occurs  in  late  life  ;  but  while  this  may  play  a  part^ 
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probably  the  most  important  factor  is  some  senile  alteration  in  the 
matrix  itself.  In  any  case  the  process  is  closely  related  to  that  seen 
in  pathological  conditions. 

Under  nornial  conditions  calcium,  is  taken  up  as  requires  I  IVonx  tlie 
small  intestine  under  the  influence  of  vitainin  I),  tlie  sui-plus  being 
excreted  unabsorbed,  combined  with  phosphates,  from  tlu^  hirgi^.  l)owel. 
Absorption  and  deposition  in  the  bones  continue  tlirougliout  iile,  the 
spongiosa  forming  a  readily  available  source  of  calcium  to  the  blood. 
Deficiency  of  vitamin  D  leads  to  diminished  absorption  fi-om  tlie 
intestine  and  would  lead  to  hypocalcmmia  were  it  not  for  (he  pr’o- 
vision  of  calcium  from  the  skeleton.  The  calcium  coni.iMit  of  tfu^ 
serum  is  kept  at  a  remarkably  constant  level  of  about  10  mg.  por 
100  ml.  and  this  is  controlled  by  the  parathyroid  ilormolu^  llypc^r- 
function  of  parathyroids  leads  to  increased  alisorption  from  boiu^s, 
with  rise  of  serum  calcium  and  increased  urinajy  excridlon,  while 
hypofunction  has  the  opposite  effect.  The  gmun'al  disturl)a,n.e,(‘s  of 
calcium  metabolism  will  be  considered  later  in  connection  with  ilie 
conditions  of  disease  in  which  they  occur. 

The  calcification  which  occurs  so  commonly  in  tlie  tissues  is,  lio w- 
ever,  due  usually  to  local  changes  at  the  site  of  d,e])osit,  tlmt  is,  it  is 
independent  of  variations  in  blood  calcium.  Tlieri^  is,  h(>\v(W(U‘,  oiu^ 
notable  exception — namely,  that  rare  condition,  knovsai  as  nieJasfafic 
calcification  which  results  from  hypercalcavrnia.  Wc^  shall  (irst  dead 
with  the  local  deposits  which  are  the  result  of  aflinity  of  tlu^  e,al.(aum 
in  the  blood  ancl  tissue  fluids  for  certain  d(\g(Mi(M‘at(Ml  ('humaits. 

Conditions  of  Occurrence.  It  may  be  stated  generally  that  dead 
tissue  retained  in  the  body  tends  to  become  impregnated  with  lime 
salts,  and  thus  to  assume  a  cretaceous  character.  Thus  caseous 
tubercle,  gummata,  old  infarcts,  dead  parasites,  e.g.  trichina  spiralis 
and  echinococcus  cysts,  also  old  collections  of  pus,  degenerated  material 
in  atheromatous  patches,  etc.,  may  become  inspissated  and  calcified  ; 
in  this  way  hard  calcareous  masses  or  plates  may  be  formed.  It  is  met 
with  also  in  thrombi  where  there  has  been  failure  of  organ  isafion  ; 
in  this  way  hard  masses  or  ‘  plileboliths  ’  are  formed  in  veins.  ( hosidy 
allied  to  this  is  the  calcification  which  occurs  in  dead  cells  or  in  collec¬ 
tions  of  organic  material  and  leads  to  concretions,  e.g.  in  the  vermiform 
appendix  or  in  the  duct  of  a  salivary  gland.  Calcification  occurs 
with  special  readiness  in  some  kinds  of  animals,  notably  in  rodents 
and  herbivora  which  have  a  high  blood  calcium.  For  instance,  if 
the  cells  of  the  kidney  tubules  of  a  rabbit  be  killed  by  any  means, 
by  artificial  anaemia  or  by  a  poison,  calcification  soon  follows  in  them  ; 
whilst  the  caseous  lesions  of  tubercle  in  the  bovine  species  become 
calcified  at  a  very  early  stage.  The  affinity  of  fatty  material  for 
lime  salts  is  strikingly  illustrated  in  the  case  of  fat  necrosis,  where  the 
fatty  acids  set  free  by  the  pancreatic  lipase  combine  with  lime  salts, 
and  the  dead  patch  becomes  calcified  (p.  129). 

In  many  instances,  however,  there  is  neither  death  nor  fatty  change 
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as  a  preceding  condition,  and  the  lime  salts  are  deposited  in  tissue 
which  shows  a  sort  of  _  hyaline  condition.  This  is  the  case  in  the 
calcification  of  the  media  of  arteries,  and  is  of  common  occurrence  in 
dense  connective  tissue,  e.g.  in  the  heart  valves  in  chronic  endocar¬ 
ditis,  in  the  dura  mater,  in  tendons,  etc.  In  some  cases  it  is 
impossible  to  say  what  is  the  antecedent  change.  Occasionally  there 
occurs  in  some  types  of  insanity  and  in  the  neighbourhood  of  gross 
lesions  of  the  brain  an  extensive  calcification  both  of  cerebral  capil¬ 
laries  and  of  nerve  cells,  and  it  is  difficult  even  to  imagine  what  causes 
the  deposition. 


Figs.  104  and  105. — Illustrations  of  hypervitaminosis  D  in  rat. 

Fig.  104,  small  calcified  vessels  in  kidney  ;  Fig.  105,  calcified  fibres  of  heart 
muscle — calcified  parts  appear  dark. 

From  preparations  kindly  lent  by  Mr.  J.  R.  M.  Innes. 


Cnlcificatioii.  occurs  also  in  tumours  ;;  it  is  common  in  uterine 
myomata  undergoing  involution  after  the  menopause,  and  it  is  a 
striking  feature  in  psammomata,  where  spherical  masses  form  in  con¬ 
centrically  arranged  cells  which  have  undergone  a  sort  of  hyaline 
change. 

It  is  noteworthy  that  calcification  is  sometimes  followed  by  the 
formation  of  true  bone  in  the  affected  area.  This  is  of  common 
occurrence  in  the  calcified  tuberculous  lesions  in  children  and  is  also 
occasionally  met  with  in  the  calcified  media  of  an  artery. 

Metastatic  calcification  is  seen  where  there  is  abnormal  absorption 


68 


TEXT-BOOK  OF  PATHOLOGY 


of  lime  salts  from  the  bones  ;  it  is  rare  in  the  hiinian  siil)ject.  It  has 
been  observed  especially  in  generalised,  osteitis  fibrosa,  also  sonietimes 
in  osteomalacia  ;  and  the  deposit  occurs  in  situations  which  ar(3  other¬ 
wise  rarely  the  seat  of  calcification,  e.g,  the  wall  of  tlie  stonuich,  kidneys, 
and  lungs,  as  well  as  in  the  arteries,  heart,  etc.  A  similar  metastatic 
calcification  in  arteries  and  various  organs  can  be  readily  produced  in 
animals  as  a  result  of  hypercalcmmia  brought  about  by  excess  either 
of  parathyroid  hormone  or  of  vitamin  D  (Figs.  104,  lOr)).  In  such  con¬ 
ditions  calculi  often  form  in  the  bladder  as  the  result  of  an  excretion 
of  calcium  in  excess  by  the  kidneys. 


Calcinosis  Cifcvmscrlpta.  havc^  socmi  s(‘vcm‘;i1  (‘x<uni)kNs  of  a  coiKlii ion  in, 

which  irregular  nodules  ofehalky  junliu'ial  devc'lopt'd  in  Ok'  sl<in  jind  siilx'uhiuoous 
tissues  especially  of  liiigx'i-s.  'I'lic  ovu'rlying  skin  l)('<‘onu's  ul('('rn(.(‘(l  and 

cretaceous  material  is  dischai’g(‘(L  or  niny  s(‘rap(Ml  oul'.  This  npix'nrs  to  contain 
a  considerahle  amount  of  calcium  carbonatnu  as  sliown  l)y  solution  with  (k'for- 
yesceiice  in  hydrochloi'ic'  a.cid.  Microst'opically  a,  mild  clu’onic  iidlatninatory 
reaction  with  giant-ccdls  surrounds  iln^  iioduk's  hut  causation  of  tiu'  Icvsion 
is  obscure.  The  (k’iposits  ar(‘  easily  distiaguisluHl  I’roin  gouty  toplu  l)y  tlioir 
dense  opacity  to  X-rays  and  hy  cluunicad  t(\st.s  on  llu'  .]nat('rial. 

Occasionally  ilic  calcareous  (h'posits  arc'  .inoi'c'  wiih'spiu'ad,  involvdng  also 
muscles  and  tendons— -this  is  known  as  (‘(tlriiiosis  inu  rensahis. 

Lime  salts  have  an  affinity  for  luematoxylin,  forming  a,  hike  with  it,  a, ml 
the  earliest  sign  of  the  change  is  given  hy  the  a[)poara,nc(^  ot‘  hyaliin^  or  hnedy 

granular  matorial  in  llio  llssiuvs,  whi(d» 
_  is  coloured  a  chK'!))  viokd^  (-int(Kig.  I  (hi). 


Fig.  106. — Area  of  calcification  near  a 
blood  vessel  in  a  tumour  (fibroma). 


The  dark  colour  is  the  result  of  staining  with 
hiEmatoxylin,  and  the  earliest  change,  in  the  form 
of  fine  granular  deposit,  is  seen  at  the  margin. 
X  200. 


At  a  later  stagt^  tlu^  linu^  salts  form 
irregular  and  soriunvluit  rcrra,(dll(i 
masses.  The  linu^  salln  a.n’i  of  course') 
readily  solubU’i  in  woalv  a, ends,  a, ml 
small  bubbles  of  carbon  dioxides  a,n^ 
given  off  from  the  carhonal.os.  When 
weak  sulphuric  acid  is  iiseul  a,s  a  sol¬ 
vent,  the  characteristic,  crysl.als  of 
calcium  si.ilphate  sejiarato  out  ;  t.his 
occurs  more  readily  wlum  i.lu^  seu*.- 
tions  are  in  50  per  cemt.  spirit.,  in 
which  the  crystals  arc  lit.t.Ie^  soluble. 
When  lime  salts  are  t.nnd.eul  with 
nitrate  of  silver,  yellow  ph()s[)hal.e  of 
silver  is  formed,  and  this  cpiickly 
undergoes  reduction  on  exposure  to 
light  and  gives  a  black  (‘.olour. 

Both  the  hicmatoxylin  and  silver 
nitrate  tests  are  of  use  in  showing 
calcium  deposits,  but  they  are  not 
specific.  Cameron  has  shown  that 
silver  nitrate  is  reduced  by  other  sub¬ 


stances,  e.g.  iron,  and  that  the  reaction 
with  haematoxylin  is  given  by  a  substance  formed  before  the  deposit  of  lime ; 
the  latter  reaction  is  given  after  the  tissue  is  decalcified.  He  finds  that  the  best 


reagent  is  alizarine,  the  staining  principle  in  madder,  or  its  derivatives. 
Alizarine  stains  calcium  salts  red,  but  the  reaction  may  not  be  given  by  very 
old  deposits.  When  injected  wira  vitain  it  colours  growing  bone  (but  not  fidly 
formed  bone),  also  deposits  of  lime  salts  unless  they  are  very  old. 

It  may  be  noted  that  in  many  instances  calcification  is  associated  with 
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These  may 


deposit  of  iron  compounds  which  give  a  Prussian  blue  reaction, 
give  a  diffuse  stainiug  or  may  be  in  granular  form. 

Pathology  of  Calcification.  The  salts  deposited  correspond  to 
those  in  ordinary  ossification;  they  are  chiefly  calcium  salts,  with  a  small 
admixture  of  magnesium  salts.  It  has  been  found  that  the  proportion 

of  phosphates  and  carbonates  is  about  the  same  as  in  bone,  nearly  nine 
3nuch  calcium  being  in  the  form  of  phosphate  as  of  carbonate. 
With  regard  to  the  conditions  determining  deposition  we  have  to 
consider  (a)  the  blood  and  lymph,  and  (b)  the  state  of  the  tissues 
at  the  particular  site.  Theoretical^  any  excess  of  lime  salts  in  the 
blood,  diminished  amount  of  carbonic  dioxide  or  increased  alkalescence, 
will  aid  deposition.  The  first  of  these  factors  leads  to  the  metastatic 
calcification  already  mentioned  ;  and  the  sites  of  deposit  can  be 
explained  in  part  on  the  basis  of  loss  of  acid  with  increased  local 
alkalescence.  Hence  the  deposit  occurs  in  the  stomach  around  the 
glands  which  secrete  hydrochloric  acid,  and  also  in  the  kidneys,  whose 
cells  excrete  acid.  The  relative  rarity  of  calcification  in  the  veins, 
as  compared  with  the  arteries,  has  been  siixDposed  to  be  due  to  the 
carbonic  dioxide  in  the  venous  blood  ;  the  more  frequent  oceiirreiice 
of  degenerative  lesions  in  the  arteries  is  iirobably,  however,  the  im- 
])ortant  factor. 

Apait  from  metastatic  calcification,  however,  it  cannot  he  said 
that  any  disturbance  in  calcium  metabolism  jilays  an  important  part 
The  absorption  of  lime  salts  from  the  bones 
whicEoccurs  in  old  age  has  been  supposed  to  lead  to  senile  calcification, 
but  it  seems  much  more  Hkely  that  the  chief  factor  is  constituted  by 
the  changes  in  the  connective  tissues  such  as  hyaline  and  fatty  degenera¬ 
tion.  In  tissues  prone  to  calcification  there  may  occur  an  increase 
of  calcium  without  visible  change  as  age  advances  ;  calcium  is  thus 
ready  at  hand  for  deposition  ;  this  is  seen  in  the  aorta  (Andrewes). 
In  local  calcification  we  have  accordingly  to  look  mainly  to  changes 
in  the  tissues  themselves  for  the  exj)lanation  of  the  occurrence. 

The  special  tendency  for  collections  of  dead  and  degenerated 
material  to  become  calcified  has  long  been  recognised,  and  this  has 
been  explained  as  due  to  a  chemical  affinity  for  lime.  Klotz  came 
to  the  conclusion  that  there  first  occims  a  splitting  of  the  fat,  and  that 
the  fatty  acid  combines  with  calcium  to  form  a  soap.  The  fatty 
acid  then  becomes  replaced  by  pliosphpric  and  carbonic  acid,  and  the 
ordinary  deposits  of  lime  result.  A  striking  instance  of  such  com¬ 
bination  of  lime  with  fatty  acids  is  seen  in  the  case  of  fat  necrosis. 
But  in  a  great  many  instances  there  is  no  evidence  of  preceding  fatty 
change,  and  where  it  does  occur,  it  is  still  doubtful  whether  a  calcium 
soap  ordinarily  forms  a  stage.  More  recently  it  has  been  suggested 
that  phosphate  ions  liberated  by  the  disintegration  of  nucleo -proteins 
and  phospholipins  in  necrosed  tissue  may  attract  calcium  and  lead 
to  the  formation  of  lime  salts  containing  carbonate  and  phosphate 
in  about  the  same  j)roportions  as  in  bone.  In  dense  fibrous  tissue, 

a* 


170 


TEXT-BOOK  OF  PATHOLOGY 


ill  elastic  tissue,  and  in  smooth  muscie  fibres,  a  liyalinc'  stagc^-  jirtaxales 
the  deposit,  and  it  has  been  supposed  that  th(‘  di'posit  r('j)i“(‘S(aits  a 
physical  rather  than  an  ordinary  chemical  pi'ocisss.  WO  Is  ta,kes 
this  view,  and  in  sii}3])ort  of  it  he  found  that,  wlinn  various  d(‘ml 
tissues  were  introduced  into  the  peritoneal  cavity  of  tJu^  raJibit  a,nd 
examined  after  a  time,  hyaline  cartilage  took  up  by  a,  pi*o(u\ss  of 
adsorption  more  lime  salts  than  did  any  other  tissue.  ''jdi(\s(‘  r(\sult,s 
suggest,  although  the  subject  is  still  obscure,  tliat  it  is  on  such  prin¬ 
ciples  that  the  process  of  calcification,  in  tissue's  which  are'  not  tiu^ 
seat  of  fatty  change,  depends.  Certainly  the  microscopie;  appt'aran(*c's 
suggest  a  similarity  in  these  cases  to  the  senile  calcification  othairtihigi'. 
In  metastatic  calcification  following  hyper calcavmia  al)ove  ri'h'rrt'd  to, 
the  lime  is  deposited  in  tissues  apparently  healthy. 


UEATIC  INFILTRATION 

Deposit  of  urates  in  the  tissues  of  the  joints  and  in  other  parts  is 
a  well-marked  feature  of  gout.  The  deposit  consists  mainly  of  biurate 
of  sodium,  and  occurs  chiefly  in  the  cartilage  of  joints— the  metatarso¬ 
phalangeal  joint  of  the  big  toe,  the  knee-joint,  and  joints  of  fingers, 
being  those  most  frequently  affected.  The  superficial  part  of  the  cart¬ 
ilage  is  specially  affected,  and  it  presents  a  dull  whitish  appearance, 
as  if  covered  with  white  paint.  Urates  are  deposited  also  in  the  soft 
tissues  of  the  joints,  in  the  eyelids,  in  the  cartilages  of  the  ear,  and 
in  the  subcutaneous  tissue,  especially  of  the  hands.  They  may  form 
nodules  of  considerable  size,  called  tophi ^  and  the  skin  over  them 
may  ulcerate,  and  hard  chalk-like  masses  be  discharged.  Micro¬ 
scopic  examination  shows  that  the  urates  are  in  the  form  of  bundles 

or  sheaves  of  closely-packed 
needle-crystals  (Fig.  107),  and 
when  abundant  have  a 
brownish  colour.  In  the  soft 
tissues  there  is  evidence  of 
slight  irritation  around  them, 
and  foreign-body  giant-cells 
may  be  present  (p.  78).  The 
large  masses  may  be  attended 
with  a  certain  amount  of 
necrosis  of  the  infiltrated 
tissue.  In  the  joint  cartilages 
deposition  occurs  first  in  and 
around  the  cells,  unlike  what 
is  seen  in  calcification,  and 
according  to  some  observers 
it  is  preceded  by  degenerative 
changes  in  the  cells.  In  the 
kidneys  deposits  of  urates  are 
not  uncommon  in  the  tubules  at  the  apices  of  the  pyramids,  where 


Fig-.  107. — Section  through  gouty  nodule 
of  skin,  showing  deposit  of  needle-like 
crystals  of  biurate  of  sodium,  x  200. 
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they  give  rise  to  a  pale  streaking.  They  occur  also  in  the  tissues 
around,  where  they  may  cause  a  certain  amount  of  necrotic  change 
which  may  be  attended  by  formation  of  foreign-body  giant-cells. 
Such  deposits  are  met  with,  however,  in  fibrotic  kidneys  apart  from 
any  manifestations  of  gout. 

Whilst  the  tissue  changes  in  gout  are  of  a  characteristic  nature, 
little  is  known  of  the  nature  of  the  underlying  error  of  metabolism  or 
its  cause.  The  deposits  described  may  occur  without  much  pain  or 
discomfort,  but  on  the  other  hand,  the  patient  may  suffer  from  acute 
attacks  of  gout,  during  which  the  joint  and  the  tissues  around  become 
intensely  painful  and  as  if  hypersemic.  Some  authorities  consider 
that  such  attacks  are  due  to  increased  deposit  of  urates  taking  place  ; 
others  ascribe  them  to  the  absorption  of  urates  from  the  deposits 
and  their  diffusion  in  the  tissues  around,  but  acute  attacks  may 
occur  in  the  absence  of  deposits  and  artluitic  changes  in  joints.  The 
amount  of  uric  acid  in  the  Hood  is,  as  a  rule,  distinctH  increased, 
without  corresponding  increase  m  other  nitrogenous  products  of 
metabolism  ;  this  increase  of  uiic  acid  is  more  marked  in  those  who 
suffer  from  the  acute  manifestations  of  gout.  It  is  to  be  noted, 
however,  that  a  similar  condition  of  the  blood  may  exist  in  some 
cases  of  nephritis,  vdthout  evidence  of  gout ;  and  hi  leukaemia  even 
higher  amounts  of  uric  acid  in  the  blood  may  be  met  with.  For  a 
short  time  before  an  acute  attack  of  gout  there  is  usually  a  diminished 
excretion  of  uric  acid  in  the  urine,  while  during  the  attack  and  for 
some  days  afterwards,  the  amount  is  increased.  It  may  be,  however, 
that  the  abnormalities  of  uric  acid  metabolism  are  to  be  regarded 
rather  as  an  indication  of  the  hereditary  predisposition  to  the  disease 
than  as  a  major  factor  in  the  acute  attacks.  The  response  of  the 
disease  of  cortisone  and  adrenocorticotropliic  hormone  supports  the 
view  that  endocrine  factors  may  be  involved  in  its  pathogenesis. 
In  those  suffering  from  gout,  fibrosis  of  the  kidneys,  arterio-sclerosis 
and  high  blood  pressure  often  develop,  and  in  this  way  a  fatal  result 
may  be  brought  about.  It  is  worthy  of  note  that  chronic  lead¬ 
poisoning  often  leads  to  a  form  of  gout  wdth  corresponding  vascular 
changes. 

In  children,  shortly  after  birth,  there  are  commonly  found  deposits 
of  uric  acid  and  urate  of  ammonium  in  the  collecting  tubules  of  the 
kidneys,  so  that  the  medulla  shows  brownish-yellow  streaking.  Such 
collections,  which  are  called  uric  acid  infarcts^  have  usually  no  patho¬ 
logical  significance,  as  they  soon  disappear.  Sometimes,  however,  they 
persist,  and  minute  concretions  may  originate  in  connection  with  them 
and  pass  into  the  pelvis,  where  they  may  grow  and  form  renal  calculi. 

Glycogenic  Iniiltraiion.  The  deposit  of  glycogen  within  cells  occurs  in  various 
pathological  conditions,  but  interpretation  of  its  significance  is  not  clear,  and  it 
cannot  be  said  to  be  of  great  importance  in  relation  to  disturbance  of  carbo¬ 
hydrate  metabolism  in  general.  In  diabetes,  owdng  to  the  conversion  of  glycogen 
into  sugar,  there  is  a  marked  diminution  in  the  amount  of  glycogen  in  the  liver 
and  muscles,  the  chief  seats  of  normal  deposit,  while  the  amount  in  the  heart 
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muscle  is  usually  increased,  and  a  deposit  occurs  in  tlie  kidneys,  especially  in 
Henle’s  tubules.  The  latter  deposit  probably  results  from  a  re-absorption  of  sugar, 
but  the  cause  of  the  increase  in  the  heart  muscle  is  not  known,  lliere  occurs 
in  this  disease  an  increase  of  glycogen  in  the  polymorpho-nuclear  leucocytes, 
in  which  cells  a  small  amount  may  be  detected  by  tlie  microscope  in  normal 
conditions.  In  these  cells  a  marked  increase  occurs  also  in  various  inflammatory 
states  ;  in  fact,  as  a  rule,  where  there  is  a  distinct  leucocytosis.  Leucocytes 
which  have  emigrated  from  the  vessels  may  similarly  contain  glycogen,  also 
those  in  recently  formed  pus,  though  the  glycogen  soon  disappears.  It  is  doubt¬ 
ful  what  such  accumulation  of  glycogen  in  leucocytes  represents.  In  certain 
tumours,  e.g.  chondromata,  epitheliomata,  and  especially  in  tlie  so-called  hyper- 
nephromata,  glycogen  may  be  abundant,  but  here  also  it  is  riot  possible 
to  give  the  explanation.  Glycogen  is  more  abundant  in  embryonic  than  in 
adult  tissues,  and  accordingly  one  might  expect  it  to  be  more  abundant  in 
actively  growing  tissues,  but  its  distribution  in  tumours  is  related  rather  to  tire 
nature  of  the  tissue  composing  them  than  to  their  activity  of  growth.  In  view' 
of  the  fact  that  glycogen  is  sometimes  found  along  with  fat,  e.g.  at  the  peripliery 
of  necrotic  areas,  it  has  been  suggested  that  its  presence  depends  upon  an  interfer¬ 
ence  with  oxidation,  but  such  an  explanation  can  have  only  a  limited  application. 

As  glycogen  is  soluble  in  water,  tissues  to  bo  examined  for  its  presence  must 
be  fixed  in  alcohol  or  picric  acid.  The  giycogcui  occurs  in  minu(.<'  gi’iumh's  or 
droplets,  and  is  stained  reddish-brown  witli  iodini',  ;ind  cihnson  in  Ik\s(,’s  c{innin(‘ 
method,  this  latter  giving  very  clear  picl.urc's.  Al'liu*  dcMitli,  glycog(Mi  i’!ii)i<lly 
becomes  changed  into  glucose  and  is  then  not  n'cognisa.blc  by  mici-oscopic  nudhods. 

Glycogen  Storage  Disease.  This  disease,  which  ocinirs  in  infiufls  a, ml 
children,  w^as  first  described  by  von  Gierke.  Two  main  iyi)es  lia.v(^  Ixhmi  Ibiind. 
In  the  one  the  liver  alone  or  the  liver  and  kidneys  an^  greatly  (aila,rg(Ml  a.s  (ho 
result  of  an  abnormal  accumulation  of  glycogen  in  the  livea-  c(dls  a,n(l  in  the 
cells  of  the  tubules  of  the  kidney.  In  the  other  ty])e  tlu'i  heart  is  chi(dly  affected 
and  its  weight  may  be  several  times  the  normal,  ihe  (aflargenuMd/  Ixang  due 
to  a  similar  accumulation  of  glycogen  within  tlie  muscle  (wlls.  Tlu^  athad-ed 
cells  are  swollen  and  appear  vacuolated,  the  vacuoles  (*nniia,ininggly(a)g(aj  which 
is  more  resistant  to  post-mortem  hydrolysis  than  normally.  Other  tissues 
besides  those  in  which  enlargement  is  obvious  aro  alst)  affotd.ed,  (ug.  sk(‘letail  a,n(l 
to  a  less  extent  visceral  muscle,  lymphoid  tissue  and  evcai  die  brain.  Mflius 
the  glycogen  is  stored  chiefly  but  not  exclusively  in  the  (aihirged  orgaais-  TIku’o 
is  increase  of  the  glycogen  in  the  blood,  most  of  it  being  widiin  (*.ells  ;  the  blood 
sugar  in  the  fasting  state  is  low.  Acetone  bodies  aro  oftoii  presiuit  in  (ho  urine. 
These  changes  are  accompanied  by  marked  retardation,  in  growth.  T’lie  lesions 
apparently  represent  a  defect  in  the  metabolism  and  mobilisalion  of  (^a.rl)(>~ 
hydrates  by  the  affected  tissues  owing  to  la,ck  of  cn/.yimidc  broiikdown,  (inis 
the  glycogen  is  said  to  be  more  stable  than  usual  iu  formahn-flxed  (issui's. 
reason  for  the  variations  in  the  distribution  of  tho  stored  giycogm  is  not 
understood. 


CHAPTEE  V 


INFECTION,  FEVER,  IMMUNITY 

INFECTION 

Infection  may  be  said  to  occur  when  the  tissues  are  invaded  by 
living  organisms  and  pathological  changes  are  produced.  Actual 
invasion  is  essential,  and  we  may  take  as  the  criterion  of  this  the 
penetration  of  organisms  into  parts  normally  free  from  them ; 
and  the  general  statement  may  be  made  that  such  penetration  is 
practically  always  accompanied  by  some  morbid  change.  The  invasion 
of  organisms  usually  takes  place  into  the  interstitial  tissues,  as  in 
tuberculosis,  pyogenic  infections,  etc.,  but  sometimes  into  a  tube  or 
space  lined  by  a  mucous  membrane  which  is  normally  bacterium- 
free,  e.g.  the  gall-bladder  or  urinary  passages.  Symptoms  of  disease 
and  even  death  may  be  in  a  few  instances  produced  by  absorption  of 
toxins  vithoiit  actual  infection  in  the  sense  defined,  for  example, 
the  absorption  of  the  toxins  of  the  Bacillus  hotulinus  from  the  intestine. 
The  tetanus  bacillus  also  has  little  or  no  power  of  invading  the  tissues  ; 
it  flourishes  in  lesions  produced  by  other  organisms  or  in  dead  tissue, 
and  the  symptoms  of  tetanus  are  due  to  toxic  absorption.  In  pathology 
we  have  to  deal  with  the  action  of  the  organisms  within  the  body,  but 
it  is  essential  in  connection  with  etiology  that  the  sources  of  the 
organisms  and  the  paths  of  infection  should  be  recognised. 

Paths  of  Infection.  In  the  great  majority  of  cases,  the  infect¬ 
ing  organisms  reach  the  body  either  by  (a)  direct  contact,  or  (b)  by 
the  inspired  air,  or  (c)  by  ingested  food  or  drink.  They  then  efiect 
an  entrance  through  the  skin  or  mucous  membranes.  This  statement 
applies  to  nearly  all  the  bacterial  infections,  to  many  diseases  produced 
by  filter-passing  organisms,  and  to  many  infections  caused  by  metazoal 
parasites.  In  a  smaller  but .  very  important  group,  the  organisms 
are  introduced  into  the  body  by  the  bite  of  an  animal,  usually  an 
insect ;  in  this  case  the  method  is  really  one  of  direct  inoculation 
and  the  conditions  difier  somewhat  from  those  of  the  first  group. 
Transmission  of  disease  by  insects  is  common  in  the  case  of  protozoal 
infections,  e.g.  malaria  and  sleeping  sickness,  and  spirochsetal  infec¬ 
tions,  e.g.  relapsing  fever.  It  occurs  also  in  infections  with  filter -pass¬ 
ing  organisms,  e.g.  yellow  fever,  dengue,  etc.,  and  is  met  with  even  in 
metazoal  infections,  e.g.  filarial  disease.  It  is  exceptional  in  bacterial 
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diseases,  but  the  transmission  of  plague  by  fleas  is  an  outstanding 
example.  In  certain  infectiye  fevers,  the  exact  mode  of  infection  is 
still  unknown. 

The  conditions  of  infection  in  the  fornier  gTOiip,  where  the  organisms 
themselves  effect  an  entrance  into  the  tissues,  may  first  be  considered. 
To  begin  with,  we  have  the  very  important  fact  that  tlie  tissues  and 
fluids  in  the  interior  of  the  body  are  normally  in  a  practically  sterile 
condition  ;  though  occasionally  organisms  may  gain  access  to  the 
blood  without  causing  disease,  they  are  quickly  destroyed.  We  have 
another  important  fact,  namely,  that  the  skin  and  the  nnicous 
membranes  of  the  alimentary  tract  and  upper  respiratory  passages 
harbour  on  their  surfaces  bacteria  of  various  kinds,  and  that  iiia,ny 
of  these  have  pathogenic  properties,  though  it  is  noteworthy  tha-t  tluise 
tissues,  especially  the  skin,  have  a  great  capacity  for  ridding  themsolvc^s 
of  such  pathogens.  Every  individual  thus  carries  with  him  possibles 
sources  of  infection.  It  has  further  been  established  that  the  orgiinisms 
of  various  specific  diseases,  e.g.  diphtheria,  cerebro-spiual  fivver,  etc., 
may  be  added  to  the  ordinary  bacterial  flora  of  mucous  nieanbra/nes, 
and  may  flourish  wuthoiit  any  harm  resulting.  Individuals  in  wliom 
these  organisms  are  present  are  called  ‘  carriers  ’  in  relation,  to  the 
particular  organism — ‘  meningococcus  carriers,’  '  diphtheria  (^a,rri(M‘s/ 
etc.  The  ‘  carrier  ’  condition  may  result  also  when  an  individua.l  pa,sses 
through  an  attack  of  a  particular  disease,  the  organisms  pcavsisting 
on  mucous  surfaces  after  the  acute  infection  ;  this  is  the  ciommon 
origin  of  the  condition  in  enteric  fever,  the  gall-bladder  being  tlu^ 
usual  site  of  growth  of  the  bacillus.  Such  individuals,  although 
harbouring  the  pathogenic  organisms,  may  not  be,  according  to  our 
definition,  infected  by  them,  though  they  may  bci  tln^  nn'-ans  of 
leading  to  infection  in  others.  Often,  however,  the  (*,a,iTi(n*  is  the  subject 
of  chronic  infection  with  the  organism  in  question  and  sliows  a  definite 
lesion.  The  organisms  may  be  passed  on  from  one  individual  to 
another  until,  under  favourable  circumstances,  the  particular  disease 
is  produced.  It  is  thus  seen  {a)  that  potential  causes  of  disease  are 
normally  present  on  mucous  surfaces,  and  (6)  that  the  causal  agents 
of  specific  diseases  are  occasionally  present,  and  we  have  to  consider 
the  circumstances  which  bring  about  infection. 

Conditions  aiding  Infection.  It  may  be  said  that  any  condition 
which  lowers  either  the  local  or  the  general  resistance  favours  in¬ 
fection.  Thus  conditions  .like  fatigue  and  disturbed  metabolism  act 
in  this  way.  Chilling  of  the  body  surface  may  result  in  vaso¬ 
constriction  in  the  naso-pharynx  and  thus  perhaps  facilitate  the  entry 
of  pathogenic  micro-organisms.  In  specific  fevers  a  lowering  of  the 
general  resistance  is  an  important  feature  and  secondary  infections 
are  thus  of  common  occurrence  ;  this  is  especially  noteworthy  in 
mfluenza.  The  tissues  of  diabetics,  also,  are  more  prone  to  bacterial 
infections,  which  often  assume  a  severe  form.  It  is  well  established 
too  that  normal  individuals  in  health  vary  in  susceptibility,  so  that 
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under  given  conditions  some  become  infected,  "while  others  escape  ; 
that  is,  diminished  resistance  or  susceptibility  may  occur  naturally 
in  addition  to  being  acquired.  The  vimlenee  of  organisms,  that  is, 
their  power  of  invading  and  damaging  the  tissues,  also  varies  greatly. 
This  is  known  from  the  results  of  experimental  inoculation  of  animals 
with  different  strains,  as  well  as  from  what  occurs  during  epidemics. 
In  one  epidemic,  for  example,  a  large  number  of  people  are  infected 
or  the  disease  is  severe  ;  whilst  in  another  the  converse  is  the  case. 
In  addition  to  lowered  general  resistance  and  special  virulence  of 
organisms,  the  presence  of  local  Usioiis,  sometimes  of  a  minute  char¬ 
acter,  may  play  a  very  important  part  in  leading  to  infection.  This 
is  clearly  seen  in  '  poisoned  w^ounds  ’  of  the  skin,  wiiere  a  slight 
scratch  or  abrasion  may  become  infected,  and  no  doubt  the  same 
holds  in  the  case  of  mucous  membranes.  Injury  to  a  bone  pre¬ 
disposes  to  tuberculosis  or  to  pyogenic  infection,  as  will  afterwards  be 
considered,  and  many  other  examples  might  be  given. 

The  question  may,  however,  be  put — can  organisms  invade  a 
healthy  mucous  membrane  or  skin  surface  ?  For  all  practical  purposes 
an  afhrmative  answer  may  be  given,  although,  of  course,  it  is  impos¬ 
sible  to  say  that  any  part  is  absolutely  healthy.  The  entrance  of 
the  meningococcus  occurs  through  the  naso-phar3mx,  but  in  many 
cases  of  cerebro-spinal  fever  no  abnormahty  can  be  detected  in  the 
mucous  membrane,  and  a  similar  statement  applies  to  the  ^  carrier  ’ 
condition.  As  has  been  said  above,  the  diphtheria  bacillus  may 
multiply  on  an  apparently  normal  mucous  membrane,  and  it  can 
hardly  be  doubted  that  it  may  damage  the  epithelium  by  its  toxic 
action  and  thus  lead  to  a  true  local  infection.  Accordingly  while  local 
lesions  play  an  important  part  in  leading  to  infection,  it  must  be 
admitted  that  virulent  organisms  may  cause  infection  through  a 
healthy  mucous  membrane.  A  similar  statement  probably  applies 
to  infection  through  the  skin  ;  the  anthrax  bacillus  and  virulent- 
pyogenic  organisms  may  gain  entrance  through  hair  follicles  and  then 
invade  the  tissues.  Further,  it  has  been  showm  in  recent  years  that 
deficiency  in  certain  elements  of  food,  notably  vitamin  deficiency, 
increases  general  susceptibility.  This  is  seen  in  patients  suffer¬ 
ing  under  natural  conditions  from  the  effects  of  vitamin  A  deficiency 
and  also  to  a  striking  degree  when  animals  have  been  artificially 
deprived  of  this  accessory  factor.  There  results  a  remarkable  effect 
also  on  mucous  membranes,  the  epithehum  being  changed  more  to  a 
squamous  type,  whilst  numerous  inflammatory  affections  may  be  set 
up  by  the  bacteria  normally  present,  these  greatly  increasing  in 
number.  In  scorbutic  conditions  too,  due  to  deficienc}?"  of  vitamin  C, 
the  proneness  to  inflammatory  lesions  from  secondary  infection  is  a 
]wominent  feature. 

In  the  case  of  diseases  transmitted  by  insects,  the  mode  of  infection 
is  sufficiently  clear,  but  it  does  not  follow  that  the  mere  introduction 
of  the  organisms  into  the  tissues  will  lead  to  the  disease.  In  fact, 
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experimental  work  shows  clearly  that  they  may  be  killed  off  with¬ 
out  harm  resulting.  Here  also,  as  in  the  first  group,  virulence  of 
the  organisms  and  the  susceptibility  of  the  individual  are  important 
factors  in  determining  whether  disease  will  or  will  not  follow. 

Distribution  of  Organisms  in  Infections.  In  order  to  under¬ 
stand  the  effects  of  organisms  in  producing  disease  and  the  mode 
in  which  different  parts  of  the  body  are  infected,  it  is  essential  to 
know  the  distribution  of  organisms  after  infection  has  occurred, 
that  is,  after  they  have  gained  a  foothold  in  the  tissues.  In  the  first 
place,  there  may  or  may  not  be  a;^}nmary  lrm)n  at  tlu^  point  ()f  ("iitriiruHn 
By  this  we  mean  a  lesion  caused  by  the  inva,(liiig  oiganisin,  not  a 
lesion  predisposing  to  infection  ;  the  lattca*  Inis  bcnm  (lis(*iiss(Ml  above. 
In  the  majority  of  bacterial  infections  such  a  local  l(\si()n  is  present, 
and  is  often  a  prominent  feature  ;  this  is  well  schmi,  I'or  example, 
in  enteric  fever,  diphtheria,  erysipelas,  |)nei:imoiiia,  d^e.  But  wliilst 
such  is  the  rule,  there  are  instances  wliere  tlu^  sit(‘  of  entra,n(^e  (‘annot 
he  traced.  For  instance,  in  primary  tub(‘r(uil()us  inha-tion  of  the 
alimentary  canal  in  children,  an  ulcer  is  somdyirnes  pj’(\s(‘iit,  l)ut 
frequently  nothing  can  be  found,  perhaps  l)tH‘{uis{^  tlie  k\sion  nniy  be 
too  small  to  be  discovered  or  one  may  have  heahal.  I  n  (ais(\s  of*  scwau’c 
staphylococcus  and  streptococcus  infections  also,  it  may  not  Ix^ 
possible  to  find  any  primary  lesion  to  indicate^  th(‘  paf  Ji  of  (vntraiUHX 
In  the  case  of  some  protozoal  infections  ])ro(hie(‘d  by  iJie  l)ites  of 
insects,  e.g.  malarial  infection,  there  occurs  tlu^  usual  maetion  |)ro- 
duced  by  the  toxic  secretion  of  the  insect,  but  th(M‘(‘  is  no  eharactei'istic 
lesion  caused  by  the  parasite  itself. 

With  regard  to  the  lesion  at  the  site  of  infection,  when  such  occurs, 
it  may  be  said  to  be  usually  of  inflammatory  nature.  It  may  be 
acute  and  may  show  special  features  according  to  the  nature  of  the 
organisms,  as  already  detailed,  or  it  may  be  of  more  chronic  nature 
as  in  tuberculosis  and  syphilis.  It  is  unnecessary  to  give  details 
here,  as  descriptions  of  such  lesions  will  be  found  in  subsequent 
chapters.  Inflammatory  reaction  tends  to  restrict  the  organisms 
and  often  leads  to  their  destruction,  and  the  inflammatory  changes 
then  gradually  pass  off.  The  organisms  may,  however,  .pass  the 
leucocytic  barrier  and  be  carried  to  the  lymph  nodiss,  where  tlu‘,y 
may  be  destroyed,  or,  on  the  other  hand,  may  i)rodu(X‘  s(‘ri()us  lesions. 
In  the  case  of  pyogenic  organisms,  inflammation  and  suj){)uration 
may  result,  whilst  in  tuberculosis  there  may  bc^  tlu^  formation  of 
tubercle  nodules,  caseation,  etc.  Even  in  normal  (‘.onditions,  as  has 
been  said,  organisms  may  enter  the  blood  stream  from  time  to  time, 
and  of  course  when  local  infection  has  occurred,  this  is  more  likely 
to  happen. 

Another  point  of  importance  in  relation  to  the  clinical  aspects  of 
disease  is  that  when  a  local  lesion  has  healed  and  symptoms  of  infection 
have  disappeared,  the  organisms  may  not  be  completely  killed  off 
but  may  persist  in  a  quiescent  state.  At  a  later  period,  as  the  result 
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of  trauma  or  other  cause,  they  may  again  become  active  and  give 
rise  to  new  lesions  at  the  original  site  or  in  other  parts,  A  focus  of 
infection  supposed  to  be  healed  may  accordingly  be  the  means  of 
causing  what  may  appear  to  be  a  fresh  infection.  Such  an  occurrence 
is  met  with,  for  example,  in  pyogenic  infections  both  of  the  soft  parts 
and  of  the  bones,  and  it  is  specially  common  in  tuberculosis. 

Septicaemia  and  Pyaemia,  When  bacteria  gain  a  foothold  and 
multiply  in  the  blood,  the  term  septicmmia  is  applied,  and  as  this  is  a 
condition  of  great  importance  it  must  be  further  considered.  In  certain  i 
acute  bacterial  infections  in  the  lower  animals,  for  example  anthrax  in 
the  guinea-pig,  the  organisms  rapidly  invade  the  blood  stream  from 
the  site  of  inoculation  and  may  be  found  on  microscopic  examination 
of  the  blood.  In  septicaemia  in  the  human  subject,  however,  organisms 
are  rarely  so  numerous  as  to  be  detectable  on  microscopic  examination 
of  the  peripheral  blood,  though  they  may  often  be  readily  obtained 
from  it  by  culture.  They  are  more  abundant  in  the  capillaries  of  the 
internal  organs  than  in  the  peripheral  circulation,  as  judged  hy  micro¬ 
scopic  examination  of  the  tissues  after  death,  but  the  appearances  are 
often  exaggerated  by  growdh  post  mortem.  In  one  type  of  case,  where 
there  is  an  absence  of  resistance  to  the  organisms,  the  latter  actively 
multiply  in  the  circulating  blood  and  as  a  rule  a  fatal  result  soon  follows. 
This  is  seen  in  some  cases  of  virulent  streptococcus  infection,  and  it  is 
well  exemplified  in  meningococcus  septicaemia,  where  death  may  follow 
with  remarkable  rapidity  without  the  occurrence  of  meningitis.  In 
another  type  of  case  the  organisms  in  the  blood  represent  an  overflow 
from  the  tissues  into  the  blood  stream,  and  here  their  significance  is 
not  so  grave.  To  such  a  condition  the  term  bacterisemia  is  usually 
apphed.  The  outstanding  examj^les  of  this  are  the  enteric  infections, 
in  which  organisms  can  usually  be  cultivated  from  the  blood  at  an 
early  period  of  the  disease.  In  the  course  of  the  infection,  even  before 
the  heahiig  of  the  lesions,  the  organisms  disappear  from  the  blood. 
So  also  ill  lobar  pneumonia,  pneumococci  may  be  obtained  from  the 
blood,  and  these  disappear  at  the  time  of  the  crisis.  Accordingly,  the 
presence  of  organisms  even  in  considerable  number  in  the  blood  does 
not  necessarily  mean  that  they  will  increase  progressively.  In 
bacterial  endocarditis  of  the  sub-acute  type,  organisms  may  be  shed 
into  the  blood  during  a  long  period  of  time,  as  is  shown  by  making 
cultures  from  the  blood,  and  if  the  source  of  supply  can  be  removed, 
penicillin  therapy,  the  normal  sterile  condition  of  the  blood  is 
soon  restored.  In  certain  infections,  however,  active  proliferation 
of  the  causal  organisms  in  the  blood  is  the  characteristic  feature 
apart  from  any  special  gravity  of  the  condition,  e.g.  relapsing  fever 
and  malaria. 

It  will  readily  be  understood,  however,  that  when  bacteria  gain 
entrance  to  the  blood  in  any  way,  there  is  always  the  risk  that  they 
may  settle  in  some  part  of  the  body  and  produce  serious  lesions  : 

‘  the  complications,’  as  they  are  called,  of  many  diseases  are  brought 
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about  ill  this  mamier.  Sometimes,  for  exaini)l(‘,  iho  (xrganisms  p 
duco  a  metastatic  lesion,  e.g.  suppurative  miMiingilis  or  arthritis  in 
pneumococcal  infections,  periostitis  intyplioi(l  fc'Vd-n^tic,  hut.  souudinu's 
especially  in  acute  osteomyelitis  and  other  suppuintivi^  st.aph\'lococe,al 
infections  the  secondary  lesions  are  in  the  form  of  multipk‘  at)sc(‘ss(‘s 
and  then  the  condition  is  termed  pymrda.  Tlu^sc^  pyauuK^  a,l)S(a'sst‘s 
may  he  produced  in  two  ways  hut  these  are  not  hmdauunt.aJIy  v(‘,ry 
different.  In  the  first  place  the  organisms  circulafhig  iu  t.lu^  i)loo(l 
may  settle  in  the  capillaries  of  various  organs  wluii'  tlu^y  grow  and 
produce  minute  abscesses.  When  examined  in  serial  scadfons,  such 
lesions  commonly  show  an  area  of  central  necrosis  ;  it.  is  uncertain 
whether  this  arises  hy  the  local  action  of  ha,cterial  toxins  or  from  the 
development  of  local  vascular  occlusion  hy  tlu^  (‘.omhina.t.ion  of  the 
mass  of  proliferated  organisms  together  wii.h  sonu^  (‘ounation  of 
thrombus  hy  the  coagulase  liberated  from  tlu‘  sl.a.phylocec(‘h  0(M‘tahi 
organs  are  especially  pu'one  to  be  the  seat  of  t.lu'se  a.})sc(‘ss(‘s,  not.a.hly 
the  lungs,  brain,  kidney  and  heart  wall,  prol)a,bly  h(M‘.a,us(^  t.h(\v  i‘(a*eiv(^ 
a  relatively  large  blood  supply  and  thus  ]ia.v(^  gn'.at.cr  opportuniti(‘.s 
for  becoming  infected.  The  second  mode  of  (hwelopmeut.  oC  pyaunia. 
is  by  the  dissemination  of  jwrtions  of  infechal  throud)i  which  h(a‘om(‘ 
mechanically  arrested,  and  suppurating  infarcts  result.  In  this  way 
abscesses  may  be  produced  in  the  lungs  in  caisc^s  of  septic^  t.lu'omhosis 
of  veins  and  in  various  organs  in  the  courses  of  ba('t(M‘ia,l  (‘udocaualitis. 
Since  gross  septic  infarcts  may  occur  in  stajahylococcial  |)yiemia. 
following  osteomyelitis  and  multiple  minute  a.])scc‘ss('s  may  ()C(*.ur  in 
other  infections,  e.g.  pneumococcal,  it  is  clear  that  tliese  two  mochas  of 
development  of  pyaemia  differ  mainly  in  degree  and  cannot  be  s1ia.r]>ly 
separated. 

It  is  thus  seen  that  after  infection  has  occurred,  the  organisms  may 
remain  localised;  they  may  be  carried  by  the  blood  stream  and 
produce  corresponding  inflammatory  lesions  in  other  parts  of  the 
body ;  or  they  may  multiply  in  the  blood  stream  and  cause  a  true 
septicaemia. 

Production  of  Toxins.  In  infection  there  is,  however,  another 
important  factor  in  addition  to  the  multiplication  of  the  organisms 
and  their  distribution  in  the  body,  namely,  the  production  of  ba.(‘t(aMa.l 
poisons  or  toxins.  It  may  he  said  that  all  the  important  (vflect.s  a.r(' 
the  result  of  toxic  action,  and  these  effects  are  manifested  both  l)y 
tissue  changes  and  hy  symptoms. 

The  toxins  produced  locally  lead  to  the  phenomena  of  inflammation 
around  the  organisms,  and  the  characters  of  the  inflammatory  reaction 
are  regulated  by  the  nature  of  the  organisms  and  also  by  their  virulence. 
Thus  'while  pyogenic  bacteria  usually  cause  marked  leucocytic 
reaction,  organisms  of  extreme  virulence  produce  mainly  dainage 
to  the  vessels  with  accompanying  inflammatory  oedema,  and  often 
comparatively  little  leucocyte  emigration  in  response  ;  and  there 
is  evidence  that  certain  organisms  produce  toxins  which  have  an 
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inliibitory  effect  on  the  leucocytes.  Locally,  of  course,  toxins  are 
comparatively  concentrated  and  so  the  inflammatory  changes  may 
be  explained ;  in  addition,  toxins  are  absorbed  from  the  site  of 
bacterial  growth  and  are  carried  by  the  blood  stream  throughout 
the  body.  Hence  there  is  often  seen  in  infections  a  general  toxic 
action,  the  injury  being  more  diffuse  but  less  severe.  Various  retro¬ 
gressive  changes  are  thus  produced  in  various  organs — cloudy  swelhng, 
fatty  degeneration,  sometimes  foci  of  actual  necrosis.  These  are 
most  marked  in  highly  specialised  cells  and  in  organs  concerned  in 
the  excretion  of  toxins,  especially  the  kidneys  and  liver.  General 
damage  to  the  capillary  walls  may  lead  to  the  occurrence  of  minute 
haemorrhages  or  petechia,  and  some  of  the  eruptions  in  exanthemata 
are  thus  produced,  although  in  some  the  organisms  are  actually 
present,  e.g.  in  enteric.  In  certain  chronic  infections,  notably  in 
tuberculosis  and  syphilis,  amyloid  change  may  result  from  the  long- 
continued  action  of  toxins. 

Of  the  symptoms  produced  hi  mfections  the  most  important  is 
fever,  which  will  be  considered  afterwards  in  more  detail.  The 
effects  of  toxins  are  exerted  also  on  the  nervous  system,  and  varying 
degrees  of  disturbance  of  the  mental  faculties  and  of  consciousness 
are  met  with  up  to  complete  coma.  In  some  instances,  the  bacterial 
toxin  has  a  specific  effect ;  for  example,  tetanus  toxin  leads  to  hyper¬ 
excitability  of  reflexes  and  tonic  contraction  of  muscles.  In  the  case 
of  the  toxin  produced  by  the  Bacillus  botulinus,  the  action  is  mainly 
on  the  nuclei  of  the  cranial  nerves,  and  leads  to  S3nnptoms  of  paralysis. 

It  is  beyond  the  scope  of  this  work  to  consider  the  nature  of 
bacterial  toxins,  but  a  few  facts  of  importance  in  relation  to  the 
pathology  of  infection  may  be  given.  In  some  instances  the 
bacteria,  when  growing  in  a  fluid  medium,  give  rise  to  toxins  which 
can  be  separated  by  filtration  through  porcelain  or  other  filters. 
Such  toxins  are  often  spoken  of  as  extracellular  toxins  or  exotoxins. 
They  have  often  characteristic  effects  as  poisons,  and,  as  a  rule, 
they  lead  to  antitoxin  formation  when  injected  in  suitable  doses 
into  an  animal.  Diphtheria  toxin,  tetanus  toxin,  botulinus  toxin,  and 
some  others  belong  to  this  group ;  they  are  apparently  proteins,  but 
nothing  further  is  known  of  their  constitution,  and  they  can  be  recog¬ 
nised  only  by  the  effects  which  they  produce  when  introduced  into  the 
tissues.  From  a  number  of  organisms,  however,  especially  many  of 
those  which  invade  the  tissues  and  give  rise  to  inflammatory  and 
suppurative  changes,  no  characteristic  exotoxins  can  be  obtained. 
Toxic  phenomena  may  result  when  the  dead  organisms  are  injected, 
and  there  is  no  doubt  that  the  bacterial  protoplasm  contains  poisonous 
substances  which  become  free  on  the  disintegration  of  the  bacteria. 
The  term  intracellular  toxins  or  endotoxins  has  therefore  been  applied 
to  such  poisonous  constituents  of  bacteria. 

Endotoxins  derived  from  different  bacteria  have  much  the  same 
action  when  injected  into  the  body,  and  the  specific  effects  which 
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are  found  in  tlie  case  of  exotoxins  are  usually  lacking.  Accoi’dingiy 
in  most  naturally  occurring  infections,  the  syrnptorns  of  poisoning 
are  not  of  characteristic  nature  ;  fever  with  its  associated  ijluvnonu'im. 
is  coinnion  to  the  majority,  and  the  special  haiturc^s  in  any  particular 
disease  are  due  to  the  distribution  of  the  orga,nisnis  and  the  |)a.rts 
affected,  rather  than  to  the  production  of  sjxaalic*.  toxins.  The  com¬ 
munity  of  action  of  endotoxins  of  different  bacteria  is  tin  is  in  ha.rniony 
with  clinical  facts.  There  is,  however,  evidence  that  orgajiisins  growing 
in  the  tissue  fluids  may  produce  toxins  which  a.r('.  not  iornual  in  (uiltuix^ 
media,  and  to  such  substances  formed  by  orga.nisms  in  vivo,  whicdi 
interfere  with  phagocytosis,  the  term  agg'trssiov^  has  b(M,m  ap])lied  . 
are  justified  in  ascribing  the  tissue  changes  and  syinpt^oms  of  dis(ais(‘s 
to  bacterial  or  other  toxins,  but  the  nature  and  mode  of  aiction  of  tlui 
poisonous  substances  are  in  many  insta,nc(\s  iiujicrlectly  undxrrstood. 
Also  the  factors  which  cause  predilection  ol’  paathuihir  organisins  for 
special  tissues  are  mainly  unknown. 

In  addition  to  the  various  phenomena  described — invasion  by 
micro-organisms,  their  further  distribution  in  the  body  and  tlie  pro¬ 
duction  of  toxins — processes  of  reaction  go  on  during  an  infection,  as 
is  shown  by  the  appearance  of  antibodies  in  the  blood.  Thus  both 
cure  and  a  condition  of  immunity  may  result. 

FEVER 

Elevation  of  the  temperature  above  the  normal--  py/rc.r/Y/,  (xunirs 
in  a  variety  of  conditions — infections  of  various  kinds,  hssions  of  tlie 
nervous  system,  heat-stroke  and  after  certain  drugs.  It  is  advisalihu 
however,  to  restrict  the  term  ‘fever  ’  to  that  (condition  of  disordiuxsi 
metabolism  associated  with  pyrexia  which  occurs  in  nuiny  iidections. 

In  an  attack  of  fever,  three  clinical  stages  are  gcmcu’ally  re(iognis(‘d, 
viz.  the  onset,  the  period  when  the  fever  is  establislu'd,  oftcm  (^allcxl 
the  fastigiurn,  and  the  stage  of  defervescence,  dur-ing  which  tlu^  lem- 
perature  falls  to  normal,  (a)  During  the  onset  the  patient  feeds  <x)ld 
and  shivers,  and  sometimes  a  rigor  is  present ;  at  the  saim^  tim(‘  the 
internal  temperature  is  rising.  The  blood  vessels  of  the  sldn  are 
contracted,  also  its  non-striped  muscle,  so  that  an  appearance  of 
goose-skin  is  often  present.  The  state  of  the  skin  causes  Jowemd 
surface  temperature,  hence  the  sensation  of  cold,  and  there  is  dimiuisluMl 
loss  of  heat.  The  involuntary  contraction  of  the  muscles  in  shiveadng 
and  rigor  contributes  to  the  increased  metabolism  and  imax^aatHl, 
production  of  heat.  (6)  During  the  fastigiurn  the  vessels  of  the  skin 
become  dilated,  and  the  face  flushed,  and  there  is  general  Ibeliiig  of 
lieat  and  discomfort.  Usually  the  skin  is  dry,  though  a  considerable 
amount  of  moisture  is  still  being  lost  by  insensible  persjiiration. 
Sometimes,  however,  notably  in  rheumatic  fever,  there  is  much  perspira- 
tmn.  The  temperature,  which  is  elevated  to  a  varying  extent,  may 
show  only  slight  diurnal  variation  as  in  pneumonia,  or  distinct  morning 
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fail  as  in  enteric,  or  it  may  liaye  an  irregular  course,  (c)  The  occurrence 
of  deferyescence  with  fall  in  the  temperature  may  be  eomparatirely 
rapid,  by  crisis,  as  is  ^vell  seen  in  lobar  pneumonia,  and  this  is  accom¬ 
panied  often  b}"  perspiration  and  increased  loss  of  heat  ;  or,  on  the 
other  hand,  deferyescence  may  occur  by  lysis,  the  fall  occurring  over 
several  days,  as  in  enteric. 

The  pyrexia  is  manifestly  due  to  a  disturbance  of  the  normal 
balance  of  heat  production  and  heat  loss.  Loss  of  heat  results  from 
the  |)liysical  processes  of  conduction,  radiation,  and  evaporation  of 
moisture,  and  these  depend  mainly  on  the  distribution  of  the  blood 
and  the  secretion  of  sweat,  as  controlled  by  the  nervous  system. 
Increased  production,  apart  from  muscular  work,  on  the  other  hand, 
is  a  matter  of  chemical  regulation,  the  metabolism  responding,  in  a 
way  which  is  not  fully  understood,  to  increased  recpiirements.  During 
the  onset,  when  the  patient  feels  cold,  there  is  distinct  interference 
with  the  loss  of  heat,  and  this  in  itself  might  cause  rise  of  temperature, 
but  in  addition,  increased  heat  production  has  been  demonstrated  ; 
there  is  thus  a  combination  of  diminished  loss  and  increased  production 
of  heat.  During  the  fastigium  the  temperature  of  the  skin  is  raised  ; 
there  is  thus  increased  loss  by  radiation  and  conduction,  which  may 
be  as  much  as  50  per  cent,  above  the  normal.  This  increased  loss 
has  been  found  especially  in  acute  fevers  such  as  enteric,  malaria, 
etc.,  but  the  increase  in  others  may  be  comparatively  slight.  The 
dryness  of  the  skin  appears  to  be  partly  the  result  of  more  rapid  evapora¬ 
tion,  as  it  has  been  found  that  in  some  febrile  states  the  loss  of  moisture 
by  the  skin  may  not  be  actually  diminished,  though  more  commonly 
there  is  also  an  inhibition  of  the  secretion  of  sweat.  Of  course,  with  a 
given  surface  temperature  the  heat  loss  is  still  greater  when  the  sweat 
glands  are  acting  in  excess,  as  is  sometimes  the  case.  This  increased 
loss  of  heat  maintained  for  a  time  implies  increased  production,  and 
the  latter  has  been  clearly  established  by  studies  in  metabolism  in 
fever.  There  is  increase  in  the  respiratory  exchange,  with  other 
evidence  of  excessive  metabolism,  such  as  increased  nitrogen  excretion. 
Among  persons  engaged  in  hard  physical  work  in  very  hot  climates, 
e.g.  troo|)s  on  active  service  in  the  tropics,  febrile  inhibition  of  sweating 
may  have  very  serious  consequences  because  it  may  so  diminish  the 
heat  loss  that  a  state  of  hyperpyrexia  rapidly  develops.  This  occurs 
more  readily  in  persons  who  are  already  dehydrated  by  loss  of  salt 
and  water  through  previous  excessive  perspnation  and  inadequate 
replacement,  especially  of  salt. 

While  increased  heat  production  is  an  important  factor  in  fever, 
it  cannot  be  taken  as  in  itself  the  explanation  of  the  pyrexia.  For 
example,  in  a  normal  individual  much  more  heat  may  be  produced 
by  muscular  exercise  than  ever  occurs  in  fever,  and  this  may  take  place 
without  a  rise  in  the  internal  temperature  corresponding  with  what 
is  seen  in  febrile  pyrexia.  Furthermore,  in  exophthalmic  goitre  and 
other  forms  of  hyperthyroidism,  the  basal  metabolism,  which  means 
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the  number  of  calories  lost  in  a  given  tim,e  by  an  individual  at  r63st  in 
bed  and  in  the  fasting  condition,  may  be  60  per  cent,  or  more  above 
the  normal,  although  there  is  no  pyrexia.  Accordingiy,  in  addition  to 
increased  heat  production  in  fever,  there  is  a  fault  in  the  te/rnpemtm>Te,~ 
regulating  mechanism,  so  that  the  loss  of  heat  necessary  to  adjust  the 
temperature  within  normal  limits  does  not  occur.  It  is  to  be  noted 
that  in  fever  a  fall  of  temperature  may  be  artificially  produced,  e.g. 
by  cold  baths,  or  by  antipyretics,  to  an  extent  which,  does  not  occur 
with  a  normal  temperature  ;  this  is  another  indication  that  the 
temperature-regulating  mechanism  is  less  efficient  than  in  health. 

^ Metabolism  in  Fever.  It  has  long  been  recognised  that  exces¬ 
sive  metabolism  of  protein  is  one  of  the  most  important  features  of 
fever.  There  is  a  great  increase  in  the  excretion  of  nitrogen  in  the 
urine  in  the  form  of  urea,  ammonia  and  other  nitrogenous  b()(li(\s, 
the  two  last  being  often  relatively  increased.  Thus  in  fcvtu* 

the  excess  of  nitrogen  excretion  may  sometimes  reprc^sent  a,  loss  of 
four  or  five  pounds  of  muscle  in  a  week.  Ther(‘  is  a,n  iiHa'(^a.se  also 
in  the  excretion  of  sulphur  and  phosphorus.  Markc'd  int(uf(M*(UKH^  with 
the  digestive  and  absorptive  mechanisms  is  prc\sent,  a,ud  a,n  ()rdiiiary 
fever  diet  is  usually  not  sufficient  to  supply  tlu'.  no-c'c'ssary  calories 
for  a  normal  individual,  much  less  so  for  a  fevet'cd  patlxaiii.  The 
carbohydrates  in  liver  and  muscle  are  soon  used  up  ;  thus  a,  state  of 
inanition  or  starvation  sets  in.  The  body  has  accordingly  to  live  on 
its  proteins  and  fats  ;  the  respiratory  quotient  usually  falls  in  con¬ 
sequence  and  general  wasting  occurs.  Apparently  owing  to  the 
exhaustion  of  carbohydrates,  fats  are  mobilised  in  excess  and  ax'd.oiu^ 
bodies  not  infrequently  appear  in  the  urine.  Urobilin  in  cousidcu-ablc 
amount  may  be  present  in  the  urine,  and  apparently  results  from  tlu^ 
increased  blood  destruction  which  occurs,  and  which  may  k^a-d  to  a, 
degree  of  anaemia.  After  the  temperature  falls  to  normal  the  increased 
discharge  of  nitrogen  may  continue  for  a  day  or  two,  e.g.  after  lobar 
pneumonia,  where  it  has  been  ascribed  to  the  absorption  of  proteins 
present  in  the  exudate. 

The  true  nature  and  significance  of  the  increased  protein  meta¬ 
bolism  in  fever  are  still  matters  of  dispute.  Most  of  the  changes 
mentioned  correspond  with  those  in  inanition.  But  this  factor  is  quite 
insufficient  to  explain  the  amount  of  protein  metabolism  in  fever ; 
also  in  a  starving  individual  there  is  no  increased  production  of  heat, 
the  basal  metabolism  being  diminished.  Artificial  elevation  of  the 
temperature  in  starving  dogs  has  been  found  to  raise  the  metabolism 
of  proteins,  and  a  similar  result  has  been  obtained  in  the  human  subject 
by  raising  the  temperature  by  means  of  hot  baths  or  by  short-wave 
diathermy  ;  such  increase  in  protein  metabohsm  is,  however,  relatively 
slight.  . 

Accordingly  these  two  factors,  inanition  and  elevation  of  tempera¬ 
ture,  are  in  themselves  insufficient  to  account  for  the  febrile  metabolism, 
and  other  explanations  have  been  looked  for.  One  view  is  that  the 
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increased  iiietaboiism.  is  the  result  of  direct  action  of  bacterial  and 
other  toxins  on  the  proteins  of  the  body,  especially  those  of  muscle. 
It  is  known  that  toxins  have  a  harmful  effect  on  protein,  as  indicated 
by  cloudy  swelling,  etc.,  and  it  is  possible  that  slighter  degrees  of 
action  may  result  in  increased  metabolism,  although  no  visible  struc¬ 
tural  change  may  be  present.  Shaffer  and  Coleman  found  that  diets 
of  high  caloric  value,  containing  much  protein  with  carbohydrate, 
diminished  greatly  or  even  prevented  excessive  protein  metaboHsm 
in  enteric  fever.  Furthermore,  and  this  is  a  point  of  much  importance, 
they  concluded,  from  the  diminished  excretion  of  creatin  and  sulphur, 
that  the  katabolism  of  tissue  protein  w^as  really  diminished.  Cuthbert- 
son  has  found  that  there  is  a  marked  increase  of  protein  katabolism 
after  injury,  e.g.  fractures,  and  that  a  high  caloric  protein-rich  diet, 
■while  failing  to  maintain  nitrogen  equilibrium  at  the  height  of  the 
process,  did  greatly  diminish  protein  loss.  Apparently  the  diets  in 
question  supplied  proteins  necessary  for  the  production  of  heat,  and 
so  spared  the  body  proteins. 

Another  view’  is  that  the  increased  temperature  in  fever  represents 
simply  a  beneficial  reactive  process.  Some  years  ago  the  view  was 
put  forward  that  the  increased  temperature  had  a  prejudicial  effect 
on  the  invading  organisms,  but  for  this  there  has  been  found  in  general 
no  satisfactory  evidence.  Recent  w^ork  has  claimed  to  show’  that  the 
heightened  temperature  may  have  a  favourmg  effect  in  the  defence 
of  the  body  by  stimulating  the  piioduetion  of  antibodies,  but  the 
evidence  is  inconclusive.  The  favourable  effect  in  general  paralysis 
produced  by  malarial  infection,  etc.,  may  be  an  example  of  this  effect 
of  pyi'exia,  though  in  this  case  livhig  organisms  are  concerned.  There 
are  clinical  facts  in  agi'eement  wdth  such  a  view,  as  the  non-occurrence 
of  the  ordinary  pyrexia  in  a  fever,  for  example  pneumonia,  is  often 
an  unfavourable  sign,  and  comparisons  might  be  drawn  between  fever 
and  a  kno'wn  reactive  phenomenon  like  leucocytosis.  It  has  been 
found  also  that  the  injection  into  an  animal  of  a  certain  dose  of  bacterial 
products  may  give  rise  to  pyrexia,  whilst  a  large  dose  may^  be  followed 
by^  fall  in  temperature  and  collapse.  Such  considerations  are,  how¬ 
ever,  not  conclusive.  If  the  reactive  nature  of  pyrexia  were  estab¬ 
lished,  a  new’  light  would  be  thrown  on  the  significance  of  fever,  but 
the  question  would  still  remain  as  to  whether  all  the  metabolic  changes 
could  be  interpreted  simply  as  those  necessary  for  keeping  the  tem¬ 
perature  at  a  level  above  the  normal. 

The  Symptoms  of  fever  are  to  be  regarded  as  the  combined  result 
of  the  increased  temperature  in  itself  and  of  the  action  of  toxins 
produced  by  the  infecting  organisms  ;  and  the  effects  of  both  of 
these  factors  are  accentuated  by  continued  duration  of  the  fever. 
Rise  of  temperature  caused  by  exposure  to  a  hot  moist  atmosphere 
leads  to  marked  increase  of  the  pulse-rate,  tendency  to  dyspnoea, 
general  discomfort,  headache,  etc.  It  was  shown  by  Halliburton 
and  Mott  that  a  temperature  of  about  108°  F.  continued  for  some 
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time  causes  coagulation  of  the  globulin  in  the  nerve  cells,  but  no 
doubt  finer  molecular  change  is  brought  about  at  a  lower  level. 
In  this  connection  it  may  be  noted  that  patients  who  have  recovered 
from  heat-stroke  may  suffer  from  nervous  symptoms  for  a  consider¬ 
able  period  afterwards.  It  can  hardly  be  doubted,  however,  that 
toxic  action  is  the  more  important  hictor,  and  the  earliest  signs  of 
structural  damage  to  the  cells  of  the  body  met  vvitli  in  fevei*,  e.g. 
cloudy  swelling,  fatty  degeneration,  etc.,  are  the  effects  of  toxic  a,etion 
rather  than  of  the  high  temperature.  It  is  a  matter  of  eommoii  clini(uii 
experience  that  the  effects  on  the  functions  of  the  body,  and  (‘spcurially 
of  the  nervous  system,  are  not  proportionate  to  the  heiglit  of  tlie 
temperature.  Thus  in  influenza,  symptoms  of  toxiBinia  and  g(MUM'al 
depression  may  be  very  marked  when  the  temperature  is  littk'  ra,is(‘d. 
However,  pyi’exia  in  itself  becomes  a  formidable  danger  wIkmi  it 
increases  towards  the  level  of  hyperpyrexia,  i.e.  to  more  than  106°  F. 

Other  Causes  of  Pyrexia.  Abnormally  high  temperatures  are 
met  with  in  conditions  other  than  fever  as  above  defined,  and  of  these 
the  two  most  important  are  heat-stroke  and  lesions  of  tlu^  ikm'vous 
system.  It  may  be  noted  that  in  all  cases  where  the  temperature  is 
abnormally  high,  the  regulating  msdimiimi  may  fail,  (^ouscMiiumtly, 
and  there  is  a  tendency  for  the  pyrexia  to  raise  tlu^  pr'odue-tion  <)f 
heat  and  the  temperature  to  a  still  higher  level ;  this  factor  appar¬ 
ently  plays  an  important  part  in  hyperpyrexia.  While,  in  conse¬ 
quence  of  the  regulating  mechaaism,  the  temperature  of  a  normal 
individual  may  be  little  raised  in  a  very  hot  atmosphere  provided 
that  it  is  dry,  the  regulation  may  fail  when  the  atmosphere  is  moist. 
For  example,  Haldane  found  that  as  soon  as  the  wet-bulb  tempera¬ 
ture  rose  to  88°  F.,  the  temperature  of  a  normal  individual  at  rest 
began  to  rise,  and  if  there  were  any  muscular  exertion  at  the  same  time, 
the  rise  became  marked.  The  pyrexia  was  accompanied  by  marked 
increase  of  pulse  rate,  tendency  to  dyspnoea,  and  general  discomfort. 
Failure  of  regulation  in  this  way  is  an  all-important  feature  in  heat¬ 
stroke.  This  condition  is  met  with  amongst  soldiers  on  the  march, 
stokers,  workers  in  mines,  etc.,  and  in  its  production  a  warm,  moist, 
and  stagnant  atmosphere,  excess  of  clothing,  and  severe  muscuilav 
exercise  are  favouring  factors.  Excessive  perspiration  leads  to  rnavkcal 
loss  of  salt  from  the  tissue  fluids,  and  the  drinking  of  water  without 
salt  to  replace  that  lost  may  lead  to  severe  muscular  cramp  and  evcai 
collapse.  The  increased  temperature  gives  rise  to  further'  lu^al-  }> re¬ 
duction  with  deficient  regulation.  In  heat-stroke  the  tcunpcu-atuirc 
may  rise  to  108°  F.,  whilst  the  pulse  becomes  rapid  and  feeble  ;  there 
may  be  dyspneea,  delirium,  and  convulsions,  and  death  may  follow. 
In  some  cases  symptoms  of  collapse  or  lieat  exhaustion  are  more 
prominent  than  the  high  temperature  and  in  the  production  of  these 
salt  loss  is  a  factor  of  prime  importance.  When  recovery  from  heat¬ 
stroke  takes  place  there  may  be  symptoms  of  damage  to  the  nervous 
system  for  some  time.  The  condition  of  sunstroke,  in  which  again 
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hyperpyrexia  may  develop,  is  often  described  as  being  due  to  the 
direct  effect  of  the  sun’s  rays  on  the  central  nervous  system  ;  but 
possibly  the  condition  is  merely  a  variety  of  heat-stroke. 

Pjnexia,  often  amounting  to  hyperpyrexia,  is  met  vith  in  certain 
lesions  of  the  central  nervous  system,  and  it  has  been  supposed  that 
here  it  is  the  result  of  interference  vdth  a  S]3ecial  heat-regulating 
centre  or  centres.  Lesions  occurring  naturally,  and  also  experimental 
puncture  in  the  region  of  the  basal  ganglia,  have  been  found  to  cause 
abnormal^  high  temperature,  but  it  is  to  be  noted  that  lesions  of  the 
cortex  and  of  the  pons  are  sometimes  associated  with  a  like  condition. 
The  chief  heat -regulating  centre  is  now  believed  to  be  in  the  hypo¬ 
thalamus.  While  the  nervous  mechanism  concerned  with  heat  loss 
is  fairly  well  understood,  little  is  knovn  with  regard  to  the  relation 
of  the  nervous  system  to  increased  metabolism  and  the  manner  in 
which  control  is  exerted.  It  is  likely  that  lesions  in  different  parts 
may  disturb  the  regulation  of  temperature,  while,  at  the  same  time, 
certain  centres  may  be  of  special  importance.  The  pjnexia  resulting 
from  puncture  has  been  called  neurogenic,  and  it  appears  to  depend 
chiefly  on  excessive  metabolism  of  carbohydrates,  especially  in  the 
liver.  Lusk  has  suggested  that  it  has  much  the  same  relation  to 
fever  as  puncture  glycosuria  has  to  true  diabetes. 

A  certain  degree  of  pyrexia  accompanied  by  general  systemic 
disturbance  may  be  produced  by  the  mjection  of  foreign  proteins, 
e.g.  milk,  peptone,  etc.,  and  especially  by  dead  bacteria.  The  resulting 
condition  is  known  as  protein  shock.  Advantage  has  been  taken  of 
this  fact  in  the  treatment  of  various  chronic  diseases,  e.g.  chronic 
rheumatism  (D.  Campbell),  the  general  reaction  produced  having  in 
some  cases  a  favourable  effect.  Such  treatment  has  been  called  '  non¬ 
specific  therapy.’ 

In  some  cases  of  Hodgkin’s  disease  a  remarkable  relapsing  pyrexia 
known  as  Pel-Ebstein  fever  is  met  with,  and  it  may  be  added  that  in 
certain  tumours,  and  also  in  leukaemia,  quite  apart  from  the  presence  of 
bacterial  infection,  pyrexia  occurs,  and  this  probably  arises  from  absorp¬ 
tion  of  products  of  protein  disintegration  or  of  abnormal  metabolism. 
Necrosed  tissue  may  have  a  similar  effect,  for  example  in  cardiac 
infarction.  Pjnexia  may  be  produced  also  by  certain  drugs. 


IMMUNITY 

When  an  animal  is  insusceptible  to  infection  by  a  given  organism, 
it  is  said  to  possess  immunity  against  it,  and  the  term  is  similarly 
used  in  relation  to  the  action  of  toxins.  In  the  case  of  all  the  common 
pathogenic  organisms  and  their  toxins  some  animals  are  found  to  be 
suscex3tible,  others  to  be  immune  ;  and  the  latter  are  said  to  possess 
a  naliiral  nnmunity  against  the  organism  or  toxin  respectively.  Varia¬ 
tions  as  regards  immunity  and  susceptibility  are  met  with  naturally 
also  amongst  individuals  of  the  same  sx)ecies,  and  this  fact  ex|>lains 
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in  part  the  incidence  of  disease  amongst  individuals  (s"ju;illy  ox|:)osed, 
notably  in  epidemics.  It  will  also  be  readily  niid(M*ste()(!  tliat  there 
are  all  degrees  of  such  iiatiiral  irnmunity,  or,  in  iuv(M'S('  ratio,  of  luitiiral 
susceptibility.  In  an  animal  or  person  naturally  susceptible,  irnmunity 
may  become  developed,  and  it  is  then  called  acquired  irrimiinity , 
The  fundamental  fact  with  regard  to  this  type  of  immunity,  established 
by  clinical  observation  a  long  time  ago,  is  that  the  passing  through 
an  attack  of  infective  disease  in  many  cases  confers  iminuiiity,  some¬ 
times  practically  for  the  rest  of  life.  Manifestly  some  profound 
changes  are  produced  in  the  body  by  such  an  attack  of  tlie  disease, 
and  we  have  to  consider  the  nature  of  these.  We  do  not  intend  to 
deal  in  detail,  however,  with  the  methods  of  producing  irntnunity, 
and  shall  give  merely  the  main  facts  established  which  l)ear  on  the 
nature  of  the  reaction  in  the  body. 

Active  Immunity.  The  earliest  methods  of  prodiudug  immunity 
artificially  rest  on  the  fact  just  mentioned  as  a  basis,  and  consist 
in  producing  a  mild  attack  of  the  disease,  or  in  introducing  into  t!u^ 
body  the  causal  organism  in  such  a  weakened  or  all, (minded  form  i,ha,t 
no  serious  harm  results.  In  all  such  cases  tlu^  immunity  which 
develops  is  called  active  immunity,  as  it  is  due  i'.o  a,  reaefioa  <>f‘  ihc 
tissues  of  the  person  or  animal  treated.  Thus  in  Jcuikm-’s  nudhod  ot* 
vaccination  against  smallpox,  the  individual  is  imxuilatcM!  with  tJie 
virus  of  the  disease  originally  attenuated  (in  relation  t.o  tlu'-  huma-n 
subject)  by  its  growth  in  the  tissues  of  the  bovim^  sp(ua'(\s.  Sudi  a. 
virus  is  capable  of  producing  infection  in  the  huma.u  subjeud,  but,  tins 
is  of  a  slight  and  passing  kind.  The  methods  of  Past, ('■nr  in  voiednaiiiig 
against  such  diseases  as  fowl-cholera  and  anthrax,  TFt'pcmd  on  tlu^  sa,m(^ 
principle — ^the  introduction  of  a  weakened  virus,  this  being  altcaavairds 
followed  by  inoculation  with  one  more  virulent.  The  lucvt,  import, a, nt 
advance  came  with  the  discovery  of  the  fact  that  tlio  })res(m((C‘.  of  living 
organisms  was  not  always  necessary  for  the  production  of  immunit,y. 
Thus  on  the  one  hand,  it  was  found  that  active  immunity  a,ga,inst)  a.u 
organism  may  be  produced  by  injection  of  the  particular  organisms 
in  the  dead  condition  ;  and  on  the  other  hand,  that  im,munit,y  a, gainst 
a  toxin  can  be  developed  by  the  injection  of  graduated  doses  of  1,1 
particular  toxin.  The  latter  fact,  first  established  in.  rela,tion  to  t,(d,a,nus 
and  diphtheria  toxins,  was  found  to  hold  also  in  tlu^-  ca,se  of  otlun- 
toxuis  produced  by  plants  and  animals,  e.g.  ricin  and  abrin,  sna,k(H  a,nd 
other  venoms.  Nevertheless,  there  are  of  course  many  potent  poisons, 
including  alkaloids,  towards  which  immunity  cannot  Ix^  producxMl  in, 
this  way,  and  it  is  likely,  as  will  be  explained  more  fully  below,  that 
for  the  production  of  immunity,  it  is  necessary  that  the  poison  should 
be  of  protehi  constitution.  The  term  vacemes  is  usually  a|)})licHl  to 
organisms,  in  the  living  or  dead  condition,  injected  for  tlu';  [)urpos(^ 
of  developing  immunity. 

The  next  important  fact  is  that  the  substances  which  lead  to 
immunity  on  injection  have  the  remarkable  property  of  giving 
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rise  to  antibodies,  the  presence  of  which  is  detectahle  in  the 
blood  serum  by  methods  to  be  presently  explained.  The  term 
antigen  is  now  ordinarily  applied  to  any  substance  or  body  which 
gives  rise  to  an  antibody,  and  antigens  include  also  a  great  number 
of  proteins  which  are  in  no  waj’’  concerned  with  the  production  of 
disease  and  have  no  toxic  properties.  There  is  also  evidence  that 
certain  lipoid  and  poNsaccharide  constituents  of  organisms  may  act 
as  antigens.  In  order  that  antigens  should  give  rise  to  antibodies, 
it  is  essential  as  a  rule  that  they  should  enter  the  tissues  and  blood 
in  an  unchanged  condition,  which  means  by  some  other  route  than  the 
alimentary  canal,  that  is,  parenteraUy.  Another  general  feature  of 
antigens  is  that  they  are  foreign  to  the  species  in  which  they  develop 
antibodies.  But  this  statement  requires  to  be  C|ualified  in  two  wa^^s  ; 
thus  the  differences  between  classes  of  individuals  in  the  same  species 
may  be  sufficient  to  cause  the  tissue  constituents  of  one  class  to  act 
as  antigens  wdien  brought  into  contact  with  the  tissues  of  another, 
the  Rh  factor  being  of  this  kind.  This  is  known  as  iso-immimisation 
and  the  resulting  antibodies  as  iso -antibodies.  Secondly,  certain  simple 
chemical  compounds,  brought  into  contact  with  tissue  proteins  either 
in  vivo  or  in  vitro,  may  form  conjugates  which  act  as  antigens  and 
evoke  antibodies  with  a  specificity  determined  by  the  chemical  involved. 
Reactions  of  this  kind  appear  to  be  concerned  in  the  development  of 
supersensitiveness  to  certain  drags.  An  all-important  fact  is  that  the 
relationship  between  the  antigen  and  its  antibody  is,  within  limits, 
of  a  specific  character,  that  is,  an  antigen  gives  rise  to  the  formation 
of  an  antibody  w^hich  reacts  only  with  the  antigen  which  has  led  to 
its  development.  This  last  statement,  however,  needs  the  qualification 
that  reaction  may  occur  with  an  antigen  of  closely  similar  character  ; 
for  example,  an  antibody  to  one  bacterium  may  have  a  certain  action 
on  a  closely  allied  bacterium,  but  this  action  is  probably  due  to  there 
being  a  certain  number  of  antigenic  molecules  common  to  the  two 
organisms.  There  are  also  some  other  exceptions  to  the  general  law 
of  specificity,  but  these  need  not  be  considered.  The  almost  specific 
nature  of  antibodies  is,  however,  one  of  their  most  characteristic 
features,  and  the  number  of  antibodies  would  appear  to  be  practically 
limitless. 

Passive  Immunity.  We  have  explained  that  the  term  '  active 
immunity  ’  is  applied  when  the  state  of  immunity  is  the  result  of  a 
reaction  on  the  part  of  the  tissues  of  the  individual  or  animal  con¬ 
cerned.  Immunity,  however,  can  be  conferred  on  an  individual  by 
the  injection  of  the  serum  of  an  animal  highly  immunised  against 
the  particular  organism  or  toxin.  In  this  case  the  term  ‘  passive 
immunity  ’  is  applied,  as  the  tissues  of  the  individual  thus  becoming 
immune  take  no  part  in  the  process.  Hence  it  is  a  transferred 
immunity,  and  depends  on  the  antibodies  present  in  the  serum 
of  the  actively  immunised  animal.  Passive  immunity  is  conferred 
at  once  on  the  injection  of  the  antiserum,  whereas  active  immunity 
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is  relatively  slowly  developed  ;  on  tlie  other  hand,  passive  immunity 
is  of  relatively  short  duration,  usually  of  not  more  than  two  or  three 
weeks.  Passive  immunity  may  be  efficient  against  either  a  toxin 
or  a  living  organism,  that  is,  may  be  antitoxic  or  antibacterial,  accord¬ 
ing  to  the  nature  of  the  antigen  employed  in  producing  the  anti¬ 
serum.  We  shall  now  give  an  account  of  the  varieties  of  antibodies 
which  may  appear  in  the  blood  of  an  actively  inimunised  animal, 
and  on  the  transference  of  which  the  production  of  passive  iirinvunity 
depends. 

Antibodies.  Practically  nothing  is  known  as  to  the  essential 
nature  of  antibodies,  though  they  have  been  found  to  be  associ¬ 
ated  especially  with  particular  globulin  fra,(‘ti()iis  of*  tlie  s(M-um  and 
may  be  regarded  as  proteins  specific'ally  modific'd.  Tlieir  laa'ognition 
as  antibodies  depends  entirely  on  (an-tain  biocinmiicail  or  biop!ivsi(ad 
reactions,  and  theredbre  they  may  be  (a)nv(Muc‘ntIy  chissificd  ara'ording 
to  these  reactions.  On  this  basis,  ^vo  may  s])(mk  of  the  following, 
namely,  {a)  antitoxins,  (h)  a(j(jl id/ih.ins,  {c)  ])reHp linos,  [d)  i/i/.ntnnr-hoduss 
and  lysins,  (e)  opsonins.  It  must  not  bc^  inferrcvl,  howayvw  fhai.  tiH'S(‘ 
represent  different  substances.  Aggiutinins  are  closciy  aJ  1  wd  to 
precipitins  and  the  latter  again  to  the  imniune-bodi(‘s  \\iii(ii  fix  (*()m|)l(^- 
ment.  We  may  state,  however,  that  an  a^ntisca-um  is  (u)inpos(‘d  of* 
overlapping  moieties  each  of  which  can  ])(‘  r(n‘ognised  I)}'  a,  j)a,iiicular 
effect.  In  the  serum,  substances  with  tlu^  geiua-aJ  j)rop(‘rti(‘s  of  anti¬ 
bodies  may  occur  normally  apparently  v'ithout  pix'vious  contact  with 
an  antigen  ;  the  blood  group  agglutinins  a,i‘e  an  (‘xaa>i])l(‘  otsmii  nahmil 
antibodies.  The  appearance  of  antibodi('s  in  the  blood,  whi(di  is  om^ 
of  the  most  important  phenomena  of  immunity,  is  to  be  ix'ga^rdc'd  a.s 
in  some  w^ay  the  result  of  altered  celluhii'  activity.  After  immunitv^ 
has  been  actively  produced,  the  antibodies  in  the  blood  graduaJly 
diminish  in  amount,  but  they  may  be  recognisable  ffri*  a  considcwahle 
time.  When  they  have  disappeared,  a  certain  d(\gi‘ec‘  of  immunity 
may  still  be  present,  and  we  must  suppose  that  somc^  (ha,ng(^  in  tlu^ 
cells  is  left — probably  the  change  which  is  the  basis  of  the  prodind.ion  of 
antibodies.  This  change  may  be  demonstrated  by  the  moixj  rapid 
way  in  which  antibodies  are  produced  when  the  antigen  originaJly  uschI 
is  again  introduced  into  the  tissues.  With  this  exx)lanation  vve  may 
now  consider  their  chief  characters. 

{a)  Antitoxins.  As  has  been  said,  immunity  may  be  developed 
agamst  many  toxins,  and  this  is  associated  with  the  appearance  of 
antitoxins  in  the  blood  serum.  By  proi:)erly  graduating  tlu‘  (l()S(‘s 
of  the  toxin  injected,  as  in  the  preparation  of  diphtheria  antitoxin, 
the  amount  of  antitoxin  in  the  serum  may  ultimately  roneh  a  high, 
level.  So  far  as  is  known,  the  antitoxin  has  no  other  effbc'.t  on  tlie 
toxin  than  that  of  neutralising  it  by  combining  with  it.  Ehrliclts 
view  was  that  the  toxin  molecule  is  to  be  regarded  as  jiossessing 
;^o  groups  which  play  different  parts  in  the  phenomena  of  jioisoning. 
By  one  of  these,  called  by  him  fhe  haptophore  group,  the  toxin  becomes 


IMMUNITY 


189 


anchored  to  cells  of  the  body,  and  then  the  other,  the  foxojjkore, 
exerts  its  harmful  effects.  Antitoxin,  b\'  combining  with  the  hapto- 
phore  group,  preYents  the  combination  of  the  toxin  ndth  the  tissue 
cells.  It  apparently  does  not  materially  alter  the  constitution  of 
the  toxin  or  destroy  it  ;  in  fact,  in  certain  instances  the  toxin  can  be 
separated  again  from  its  union  with  antitoxin. 

Ehrlich’s  view  with  regard  to  the  dual  constitution  of  toxins  is 
supported  by  the  fact  that  they  may  undergo  change  to  form  what  are 
known  as  toxoids.  These  are  toxins  which  have  lost  their  toxicity  in 
varying  degree  but  still  can  combine  with  antitoxins  in  virtue  of  their 
haptophore  group.  They  thus  act  as  antigens  and  can  be  used  as 
such  in  the  process  of  active  immunisation.  Toxoids  may  form 
naturally  from  toxins  in  course  of  time  or  they  may  be  readily  pro¬ 
duced  from  them  by  treatment  with  various  chemicals  such  as 
formalin,  etc. 

(b)  Agglutinins.  In  this  case,  the  antibody  unites  with  the 
antigen  (the  bacteria  or  other  organisms)  and  causes  clumping 
or  agglutination  of  the  organisms  previously  distributed  as  a 
uniform  suspension  in  saline  fluid.  Here  again  there  is  a  specific 
union  of  the  two  bodies,  antigen  and  antibody,  and  the  agglutina¬ 
tion  results  from  some  physical  change  specifically  produced,  which 
appears  closely  allied  to  precipitation  (vide  injra).  It  may  be  added 
that  the  presence  of  electrolytes  is  necessary  for  the  occurrence 
of  agglutination.  Whether  or  not  agglutination  ‘jper  se  is  of  importance 
in  connection  with  immunity,  so  far  as  the  destruction  of  organisms 
ill  the  body  is  concerned,  the  development  of  agglutinins  is  part  of 
the  immunity  reaction,  and  proceeds  on  the  same  lines  as  that  of  other 
antibodies.  In  view  of  what  has  been  said  in  regard  to  the  specific 
nature  of  antibodies,  it  will  be  seen  that  agglutination  can  be  used 
for  purposes  of  diagnosis,  and  that  in  two  directions.  In  a  case  of 
disease,  agglutination  of  the  particular  bacterium  (under  proper 
precautions)  by  the  patient’s  serum  in  sufficient  dilution  points  to 
infection  with  that  bacterium  ;  the  disease  may  thus  be  diagnosed. 
On  the  other  hand,  a  particular  antiserum  can  be  used  to  identify 
bacteria  ;  for  instance,  if  we  have  two  cultures  of  bacteria  otherwise 
similar,  one  of  which  has  been  used  as  the  antigen  to  prepare  an 
antiserum,  and  if  the  agglutinin  titres  of  this  antiserum  mth  the 
knovm  antigen  and  the  iinknomi  bacterium  are  equal,  this  is  strong 
evidence  that  they  are  of  the  same  species. 

(c)  Precipitms.  The  formation  of  antibodies  occurs  whth  numerous 
harmless  proteins,  provided  that  they  are  foreign  to  the  tissues  of  the 
animal  injected.  The  serum  of  an  animal  injected  into  another  animal 
of  different  species  is  followed  by  the  appearance  of  an  antibody  which 
is  called  a  '  precipitin,’  because  it  leads  to  the  formation  of  a  precipitate 
when  added  to  the  serum  used  for  injection.  Each  precipitin  thus 
produced  is  practically  specific,  that  is,  it  produces  its  action  only  with 
the  serum  used  for  injection  ;  though  there  is  also  sometimes  a  slight 
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reaction  with  the  sera  of  allied  species.  Althougli  prcn^ipithis  do  not 
play  any  important  part  in  immunity  to  disease,  th(‘ir  d(W(^Lopment 
corresponds  with  that  of  other  antibodies.  The  pr(M?i[)it.iu  reaction 
has  been  extensively  used  in  medico-legal  work  for  (listingiiisliing 
human  blood  from  that  of  other  animals.  Pnicently  scan  (i()i,itaining 
precipitins  against  human  serum  globulins  have  beam  applii^l  to  the 
detection  of  certain  antibodies  absorbed  on  led  (a^lls,  tlie  treated 
cells  being  promptly  agglutinated.  This  test,  commonly  known  as 
the  Coombs  test,  is  now  widely  used  in  the  deter minat. ion  of  sensitisa¬ 
tion  against  the  Rh  factor,  as  it  is  the  most  delicate  and  rapid  method 
of  demonstrating  whether  the  cells  of  a  new-born  infant  Iiave  been 
acted  upon  by  maternal  anti-Rh  antibodies. 

{cl)  Immime-bocUes.  When  bacteria  of  certain  specie's  a.re  injoctc'd 
into  the  body,  the  serum  comes  to  have  tlu^  specilic  ])ow('.r  of  killing 
and  dissolving  them.  It  is  then  said  to  ha,v('.  Ixicfv.rlcidal  a.nd  Ixtclnrio- 
lijtio  properties.  In  some  cases  the  normal  sc'iann  possc'ssc's  such 
properties,  and  these  become  greatly  inerea,se(l  in  tli('.  proevss  of 
immunisation.  This  lytic  action  can  be  acquired  also  against-  ot-lu'r 
formed  elements  ;  for  example,  when  the  red  corpuscles  of  an.  a.nitmd 
are  injected  into  one  of  different  species,  the  serum  of  tlu'.  la-ttcn* 
acquires  the  power  of  dissolving  the  corpuscles  used  lor  inj('(‘ti(m. 
This  acquired  lytic  property  of  the  serum  depends  in  each.  case',  on  tlu^ 
development  of  an  antibody  which  is  called  an  irmrvwrhe-bodAj  or 
smsitiser.  This  immune-body,  however,  does  not  of  itself  prodiuic 
the  lysis,  but  requires  the  co-operation  of  a  labile  substance  normally 
present  in  the  serum,  which  is  called  com/plement  or  cilexin.  'fdnis 
when  a  hsemolytic  serum  is  heated  for  an  hour  at  55°  C.  it  loses  its 
hasmolytic  property,  but  this  can  be  restored  by  the  a.ddition  of  fresli 
normal  serum,  which  contains  the  complement.  The  immune-body, 
which  is  an  antibody  with  specific  properties,  as  explaiueci  above, 
unites  with  the  red  corpuscles  and  makes  them  sensitive  to  the  action 
of  complement,  and  it  is  accordingly  often  called  a  '  sensitiser.’  .Red 
corpuscles  treated  with  the  corresponding  immune-body  are  spoken 
of  as  '  sensitised  corpuscles  ’  and  can  be  used  for  testing  for  the  ])rc^s(mce 
of  complement ;  if  complement  is  present  they  will  undergo  .lysis,  if 
absent  they  will  remain  unchanged.  It  may  be  added  that  complemcnit 
does  not  increase  in  amount  during  the  process  of  immunisaition.  In 
the  process  of  lysis  the  complement  is  used  up  or  ‘  fixed.’ 

We  see  then  that  acquired  bacteriolysis  or  haemolysis  depends 
on  a  variety  of  antibody — immune-body  or  sensitiser-™ -but  this  re¬ 
quires  complement  in  order  that  the  characteristic  effect  may  be 
produced.  Sometimes,  however,  an  immune-body  is  developed  with¬ 
out  there  being  any  corresponding  lytic  property,  and  the  presence 
of  the  immune-hody  can  then  be  shown  by  the  fact  that  the  anti¬ 
serum  along  with  the  corresponding  antigen  leads  to  the  fixation 
or  absorption  of  complement,  as  in  the  case  of  lysis  ;  the  fixation  of 
complement  is  shown  by  the  fact  that  when  sensitised  corpuscles  are 
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in  struct  lire  under  the  influence  of  the  evoking  antigen,  and  it  is 
remarkable  that  the  tissues  retain  the  capacity  to  form  such  specifically 
modified  proteins  long  after  the  antigen  has  disappeared. 

The  invasioii  of  tissues  by  pathogens  seems  to  require  that  the 
organisms  be  able  to  make  intimate  contact  vith  the  cells,  and  it 
may  be  that  this  depends  on  the  presence  of  some  kind  of  chemical 
affinity  between  the  organism  and  the  host’s  cells.  According  to  this 
view,  failure  of  a  hacterium  or  a  virus  to  thrive  in  a  tissue  might  be 
due  to  inability  of  the  organism  to  establish  chemical  contact  vdth 
the  cells,  a  sort  of  atlireptic  immunity,  and  this  might  constitute  the 
basis  of  natural  resistance,  and  conversely  of  specific  susceptibility,  not 
only  of  particular  animal  species,  hut  even  of  individual  Tissues,  e.g. 
the  predilection  of  Tr.  pallidum  for  squamous  epithelium.  In  other 
words,  micro-organisms  may  be  able  to  attack  only  those  tissues  in 
which  there  exist  suitable  substrates  for  their  nourishment.  Similarly 
the  phenomena  of  acquired  tissue  resistance  may  be  due  in  part  to 
exhaustion  of  the  necessary  tissue  constituents,  e.g.  in  erysipelas, 
where  the  lesion  may  be  healing  at  one  place  but  advancing  at  another, 
an  observation  difficult  of  explanation  on  a  purely  humoral  basis. 

The  above  facts  with  regard  to  immunity  have  been  established 
chiefly  in  the  case  of  bacterial  diseases,  but  all  the  main  principles 
apply  also  to  virus  diseases.  Active  immunity  can  readily  be  produced 
by  modified  viruses  ;  in  fact,  smallpox  was  the  first  disease  against 
which  it  was  obtained.  The  active  immunity  thus  produced  varies 
greatly  in  duration.  In  many  naturally  acquired  diseases  such  as 
smallpox,  varicella,  measles  and  yellow^  fever,  it  is  practically  life¬ 
long,  but  in  some  diseases,  e.g.  the  common  cold,  influenza,  herpes,  it 
'  soon  passes  off.  Also,  the  presence  of  antibodies  in  individuals  who 
are  immune  by  having  passed  through  an  attack  of  the  disease  is 
shown  in  many  instances  by  the  fact  that  a  passive  immunity  can 
be  produced  by  the  transference  of  a  comparatively  small  amount  of 
the  individuaFs  serum,  e.g.  in  measles  and  yellow  fever.  The  applica¬ 
tion  of  in  vitro  methods  for  demonstrating  the  presence  of  antibodies 
has  been  carried  out  in  various  cases.  For  example,  the  complement- 
fixation  test  can  be  applied  in  influenza,  lymphopathia  venereum, 
foot-and-mouth  disease,  etc.,  while  a  flocculation  reaction  is  got  in 
smallpox  by  interaction  between  the  serum  of  the  patient  and  an 
extract  from  the  skin  lesions.  In  short,  immunity  in  bacterial  and 
in  virus  diseases  would  appear  to  correspond  in  all  essential  points. 

x4nAPHYLAXIS  AXD  x4LLERaY,  StTPERSENSITIVENESS 

Various  substances,  when  introduced  into  the  body  of  certain 
individuals,  produce  definite  symptoms  of  greater  or  less  intensity, 
whilst  they  are  relatively  or  completely  innocuous  to  normal  indivi¬ 
duals.  The  term  super  sensitiveness  is  applied  in  a  general  w^ay  to  such 
a  condition  of  abnormal  susceptibility,  and  there  are  a  number  of 
varieties  of  this  state.  For  example,  some  people  are  specially 
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affected  by  the  ingestion  of  certain  articles  of  diet,  such,  as  straw¬ 
berries,  shell-fish,  etc.,  urticaria  and  other  symptoms  resulting.  The 
sensitiveness  possessed  by  various  people  to  the  pollen  of  grasses, 
resulting  in  hay  fever,  is  another  striking  example.  In  some  cases 
supersensitiveiiess  is  clearly  accpiired  by  an  initial  or  s(uisitising  eom 
tact  with  the  offending  substance  ;  in  others  it  is  ap[)a.r(mtly  initinaJ, 
^and  in  the  latter  case  has  sometimes  been  termed  idiosyncrasy,  tliougli 
the  possibility  of  its  having  been  accpiired  by  previous  unsus{)eGted 
contact  with  the  exciting  agent  cannot  always  be  excludcHl.  Tins 
will  be  more  fully  explained  below.  But  if  the  wdiole  group  of  siicli 
phenomena  is  considered,  wo  may  say  that  in  some  cas(^s  the  super¬ 
sensitive  st^te  may  be  developed  in  a  manner  conx^sponding  to  that 
in  which  immunity  is  produced,  that  is,  by  the  dcrclopoioil  of  anti  bodies 
in  response  to  the  introduction  of  proteins  which  ach)  a.s  a,ntig(uis. 
To  this  variety  of  supersensitiveness  the  term  anAi/pliylaxis  is  applicxl. 
On  the  other  iiaiid,  in  another  group  of  cases  there  is  no  (.‘vichmci'  that 
an  immunity  reaction  is  concerned  though  supersensitivcuu'ss  a,j)p(uu’s. 
The  term  anaphylaxis  means  a  state  opposite  in  nature  to  irnrnunity 
or  protection  ;  but  it  must  be  noted  that  it  applies  to  trlu^  I'csult  of 
the  process,  not  to  the  nature  of  the  reaction  by  which  it  is  j)i-()(luc;(Mi. 

Phenomena  of  Anaphylaxis.  The  condition  of  anaphylaxis 
may  be  produced  by  the  injection  of  a  great  many  varieties  of  foreign 
proteins  which  are  harmless  to  normal  animals,  and  it  is  to  be  noted 
that  the  anaphylactic  symptoms  are  pretty  much  the  same  in  a  given 
species  of  animal,  no  matter  what  protein  has  been  used  for  injection. 
For  instance,  if  a  small  amount,  0-01  ml.  or  even  less,  of  horse  serum, 
be  injected  into  a  guinea-pig,  the  state  of  anaphylaxis  is  established 
in  about  ten  days.  The  animal  is  then  said  to  have  become  anaphy¬ 
lactic  or  sensitised,  and  if  a  small  quantity  of  horse  serum  be  injected, 
preferably  intravenously,  severe  symptoms  occur  almost  at  once. 
The  animal  staggers  and  falls  over,  convulsive  movements  and  signs 
of  embarrassment  of  respiration  appear,  and  death  may  rapidly 
follow.  The  fatal  result  is  brought  about  mainly  by  asphyxia  due  to 
a  spasm  of  the  muscular  walls  of  the  bronchioles,  the  lungs  passing 
into  a  condition  of  acute  over-distension.  We  have  thus  the  essen¬ 
tial  fact  that  symptoms  of  acute  poisoning,  with  a  fatal  result,  are 
produced  in  an  anaphylactic  or  sensitised  animal  by  the  injection 
of  a  substance  which  is  harmless  towards  a  normal  animal.  The 
development  of  anaphylaxis  in  other  species  of  animals  rests  on  a 
similar  basis,  but  the  anaphylactic  symptoms  vary  in  character,  and 
are  brought  about  in  various  ways.  Thus  in  the  rabbit,  death  is 
mainly  due  to  contraction  of  the  pulmonary  arterioles,  whilst  in  the 
dog  there  occurs  a  remarkable  accumulation  of  the  blood  in  the  liver 
and  portal  system,  with  shock-like  fall  of  the  blood  pressure. 

As  we  have  already  said,  a  close  analogy  exists  between  immunity 
and  anaphylaxis,  so  far  as  the  development  of  the  two  conditions 
is  concerned.  Both  are  produced  by  the  parenteral  introduction 
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of  foreign  proteins,  which  act  as  antigens  and  anaphy lactogens 
respectively.  In  both  there  is  a  period  of  incubation,  and  both  possess 
the  features  of  specificity  as  explained  above.  Further,  if  the 
blood  serum  of  an  anaphylactic  animal  is  transferred  to  a  normal 
animal,  the  latter  becomes  anaphylactic,  though  often  this  does 
not  occur  at  once  but  some  time  afterwards.  In  other  words,  there 
is  a  passive  anaphylaxis  corresponding  with  passive  immunity,  and 
it  may  be  added  that  in  each  case  the  passive  type  lasts  a  shorter  time 
than  the  active. 

It  is  admitted  by  everyone  that  the  symptoms  of  anaphylaxis 
depend  in  some  way  on  the  combination  of  antigen  (anaphylactogen) 
and  the  corresponding  antibody,  but  it  is  still  uncertain  how  the 
particular  effects  of  poisoning  are  brought  about.  According  to  one 
view,  a  poison  is  produced  in  the  circulating  blood — the  so-called 
h-umoral  theory.  But  there  are  serious  objections  to  this  view  in 
general.  Many  points  are  stiU  obscure,  but  the  bulk  of  evidence 
points  to  the  chief  phenomena  of  anaphylaxis  being  due  in  some  'way 
to  the  interaction  of  antigen  and  antibody  vithin  the  cells,  rather 
than  to  a  poison  formed  in  the  circulating  blood.  Such  a  hj^othesis, 
known  as  the  cellular  theory,  is  supported  by  various  facts.  It  has 
been  found  that  the  separated  tissues  of  an  anaphylactic  animal  are 
supersensitive  to  the  action  of  the  antigen.  For  instance,  Dale,  by 
usuig  the  isolated  uteruie  muscle  of  the  guinea-pig,  showed  that  the 
muscle  of  a  sensitised  (anaphylactic)  animal  was  stimulated  to  con¬ 
traction  in  quite  a  different  way  from  that  of  a  normal  animal.  When 
the  specific  antigen  was  apphed,  the  muscle  underwent  a  sudden 
contraction  which  passed  off  after  a  few  minutes  ;  thereafter  the 
muscle  was  desensitised.  This  result  was  obtained  after  the  blood 
had  been  washed  out  of  the  muscles  as  far  as  possible  by  perfusion 
with  Binger’s  solution.  This  disturbance  in  the  cells  may  lead  to  the 
setting  free  of  histamine  or  similar  substances,  which  in  its  turn 
may  cause  certain  of  the  vascular  changes  and  oedema  associated  with 
the  anaphylactic  state.  The  possibility  that  some  of  the  symptoms 
of  anaphylaxis  are  due  to  the  formation  of  toxic  bodies  in  the  blood 
cannot,  however,  be  as  yet  entirely  excluded.  Further,  a  fall  in 
complement  is  a  noteworthy  feature  of  anaphylactic  shock  and  the 
nature  of  this  fall  is  still  unknown. 

Anaphylaxis  in  the  Human  Subject.  In  the  human  subject 
anaphylaxis  may  develop  as  the  result  of  injection  of  foreign  (heter¬ 
ologous)  serum  ;  for  example,  horse  serum,  as  in  the  prophylactic 
injection  of  antitetanus  serum.  In  some  cases,  severe  symptoms 
have  occurred  when,  after  the  necessary  interval,  a  second  dose  of 
serum  has  been  injected,  especially  by  the  venous  route  ;  and  in  one 
or  two  instances  a  fatal  result  has  followed,  the  findings  being  similar 
to  those  in  the  dog.  Evidence  of  the  existence  of  the  anaphylactic 
state  may  be  obtained  by  injectmg  into  the  skin  a  small  quantity  of 
serum,  when  there  results  a  local  area  of  inflammatory  oedema,  not 
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seen  in  a  normal  individual.  The  danger  of  anaphylaxis  may  he 
avoided  to  some  extent  if  the  serum  be  injected  gradually  m  small 

amounts.  ,  .  ,  • 

Another  example  of  anaphylaxis  in  the  human  subject  is  seen  m 

the  so-called  serum  disease  which  has  been  met  with  when  horse 
serum,  usually  in  the  form  of  antidiphtheritic  serum,  has  been  injected 
subcutaneously.  This  affection  is  characterised  by  the  occurrence 
of  inflammatory  cedema  at  the  site  of  injection,  and  sometimes  by 
a  corresponding  swelling  of  the  related  lymphnodt^s  ;  other  symp¬ 
toms  are  slight  pyrexia,  urticaria,  pains  in  joints,  leucopenia,_  etc. 
Such  phenomena  may  be  met  with  eight  days  or  longer  after  a  single 
injection  of  the  serum,  or  when  a  second  injection  is  given  after  an 
interval  of  about  twelve  days  or  more.  In  the  latter  case,  the  symp¬ 
toms  appear  shortly  after  the  second  injection— the  so-called  imme¬ 
diate  reaction.  This  reaction  is  readily  intelligible  acooiding  to  the 
view  that  the  person  has  been  sensitised  or  rendwed  aua,|)hyla,ctic 
by  the  previous  injection.  The  symptoms  appc'aring  after  a  .swgh 
injection  are  probably  capable  of  explanation  on  tlio  sa,iue  ba.sis  ;  it 
may  be  supposed  that  when  the  antibodies  appea.r  in  tin-  blood  (here, 
is  still  a  certain  amount  of  antigen  present,  and  that  llu-  e.ombinalion 
of  these  two  may  lead  to  the  phenomena  described.  'I'lu'  symptoms 
recorded  are  met  with  in  only  a  small  proiiortion  of  ea,sos  wheiv.  l,ln^ 
dose  of  serum  injected  is  small.  They  ai'o  usually  not  of  .sevuuv  mU.ui-e 

and  soon  pass  off.  .  •  ,  ,  •  ■  • 

After  repeated  injections  of  foreign  proteins  into  rahhit'S  a, ml  m(>o 
man  a  further  injection  elicits  at  the  site  a  violent  iiilla,mma,tory 
reaction  which  may  proceed  to  actual  necrosis  and  the  forma, Lion  of 
pus.  This  reaction,  to  which  the  name  Arthus  i)h(mom(Mion  lias  been 
applied,  is  due  to  the  interaction  in  the  tissues  of  aintigen  UiiuL  aiutibody. 
It  has  been  supposed  that  this  phenomenon  may  be  tlu'  ba,sis  of  certain 
hitherto  unexplained  morbid  reactions  in  man. 

Allergy,  Supersensitiveness  in  Infections.  The supersemsitive- 
ness  to  bacterial  prodnets  developed  in  the  course  of  an  iufeotioii  is 
a  subject  of  high  importance  and  one  which  has  wide  bearings.  The 
existence  of  such  a  condition  was  first  established  in  the  case  of  tuber¬ 
culosis  by  Koch,  who  showed  that  individuals  suffering  from  this 
disease  were  more  sensitive  to  the  action  of  the  products  of  the 
tubercle  bacillus  than  were  normal  individuals ;  and  a  similar  con¬ 
dition  was  afterwards  found  to  hold  in  other  infections.  The 
supersensitive  state  may  he  evidenced  by  special  local  reactions, 
inflammatory  swelling,  etc.,  at  the  site  of  injection,  by  correspond¬ 
ing  focal  reactions  round  the  lesions,  and  by  a  general  reaction,  in 
particular  by  the  occurrence  of  pyrexia.  Such  reactions  are  now- 
used  for  diagnostic  purposes,  in  the  tuberculin  and  mallein  tests 
for  tuberculosis  and  glanders,  especially  in  veterinary  practice. 
In  the  human  subject  the  intradermal  injection  of  a  minute  dose  of 
tuheiculin  is  much  used  (Mantoux  test)  ;  a  positive  reaction  takes  the 
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form  of  a  red  patch  or  X3apule  and  indicates  snpersensitiveiiess.  In 
cliildren  this  is  often  significant,  but  in  adults  so  many  react  positivel}", 
owing  to  latent  infection,  that  it  is  then  of  little  diagnostic  importance. 
Local  reactions  are  seen  not  only  when  the  bacterial  products  or  dead 
bacteria  are  actually  injected,  but  also  when  they  are  applied  to  a 
surface  epithelium,  such  as  that  of  the  conjunctiyal  sac  or  the  skin. 
Apart  from  their  use  in  diagnosis,  the  facts  knoyn  with  regard  to 
this  form  of  supersensitiyeiiess  are  of  high  importance  in  connection 
with  the  general  pathology  of  infection.  The  incubation  period,  which 
is  a  characteristic  feature  of  infectious  diseases,  is  probably  due,  at 
least  to  some  extent,  to  the  time  rec|uired  for  the  development  of  allergy 
on  the  part  of  the  tissues.  In  many  instances  an  individual  becomes 
during  the  infection  more  sensitive  to  the  products  of  the  invading 
organisms  than  he  was  before.  In  other  words,  owmg  to  the  acquired 
susceptibility,  the  bacterial  products  formed  and  absorbed  come  to 
exert  an  mcreasingly  disturbing  effect  on  the  tissues  and  metabolism. 
Experimentally  focal  infections  are  more  prone  to  give  rise  to  allergic 
super  sensitiveness,  whereas  more  general  infections  tend  to  produce 
active  immunity.  This  princix3le  has  been  applied  to  the  explanation 
of  the  different  type  of  reaction  found  in  certain  conditions,  and  Opie 
suggests  that  certain  diseases,  as  opposed  to  infections,  can  be  acquired 
only  by  individuals  already  sensitised  in  a  particular  way,  e.g.  acute 
rheumatism,  lobar  pneumonia,  and  glomerulo -nephritis.  For  example, 
it  is  possible  that  the  active  manifestations  of  rheumatism  are  due  to  a 
renewed  activity  of  the  organism  (possibly  a  streptococcus),  its  products 
then  acting  on  tissues  already  rendered  supersensitive  by  pre-existing 
infection.  The  phenomena  seen  in  acute  nephritis  may  be  due  to 
the  toxins,  probably  of  streptococci,  acting  on  the  capillaries  of  the 
glomeruli  which  have  been  sensitised  in  a  similar  way ,  the  chief  result 
of  the  action  being  an  abnormal  permeability.  To  what  extent  such 
views  will  be  substantiated  remains  to  be  determined,  but  there  can 
be  no  doubt  that  the  altered  sensitiveness  produced  by  infections  is 
a  fact  and  it  must  play  an  important  part  both  in  the  tissue  changes 
and  in  the  symptomatology  of  disease.  The  term  allergy  (altered 
reactivity)  is  now  usually  applied  to  this  type  of  supersensitiveness. 

It  has  long  been  kiiovn  that  some  persons  possess  a  special  sensi¬ 
tiveness  to  certain  substances.  These  may  be  introduced  (a)  by 
inhalation,  as  in  asthma  and  hay  fever,  (6)  by  ahmentation,  as  in  the 
case  of  certain  articles  of  diet,  e.g.  strawberries,  shell-fish,  milk,  eggs, 
etc.,  or  (c)  by  contact,  as  in  the  case  of  primulas  and  other  plants. 
Many  of  the  symptoms,  such  as  bronchospasm,  nasal  and  conjunctival 
irritation,  oedema,  skin  eruptions,  etc.,  correspond  to  those  of  anaphyl- 
axis.  In  many  instances,  notably  in  asthma  and  hay  fever,  super¬ 
sensitiveness  can  be  shovn  by  introducing  the  particular  substance 
intradermally.  That  anaphylaxis  and  idiosyncrasy  bear  some  rela¬ 
tionship  to  immunity  appears  from  the  fact  that  the  former  conditions, 
like  the  latter,  can  be  transferred  to  a  normal  individual.  On  injecting 
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iiitraderiiially  a  minute)  quantity  of  the  serum  of  the  superseiisitive 
patient  (the  reagin)  and  then,  after  an  interval  of  some  time  lieis 
elapsed,  the  particular  suhstance  concerned,  an  inflammatory  I’eaci.ion 
results  at  tlie  site.  Eeagins  have,  however,  not  been  shown  to  {possess 
any  of  the  other  properties  of  antibodies  whicli  have  beH3n  de^scribeMl 
above. 

Superseiisitiveiiess  to  articles  of  diet  is  commonly  acquired  in 
infancy  ;  it  is  possible  that,  owing  to  the  age  or  to  a  special  peculiarit}^ 
of  the  individual,  protein  molecules  or  their  derivatives  pass  through 
the  intestinal  mucosa  in  a  state  so  little  changed  that  they  function  as 
antigens  and  give  rise  to  antibodies.  That  the  development  of  anti¬ 
bodies  may  be  produced  in  this  way  is  shown  by  the  fact  that  Elniicl) 
was  able  to  immunise  animals  against  ricin  and  abrin  res]:)ectivel3^  by 
feeding  them  with  these  vegetable  poisons.  Supersensitiveiu^ss  to  drugs 
may  in  certain  cases  have  a  similar  basis,  compounds  b(\iug  fornu^d  with 
tissue  constituents  which  excite  a  reaction  leading  to  sujxM-scuisiti  ve- 
ness.  The  sulphonamide  drugs  seem  prone  to  form  conjugate's  in  tin’s 
way. 

The  Slmartzmmi  pJmionienou  is  the  name  applied  to  a  cm*ious 
reaction  elicited  most  easily  in  the  rabbit  ;  if  the  filtrate  of  (x'rta.in 
bacterial  cultures  is  injected  intradermally  and  after  24  hours  a  dose 
of  either  the  same  filtrate  or  of  one  from  another  bact(u-ium  is  injected 
intravenously,  an  acute  reaction  with  necrosis  and  hjemorrl}age  occurs 
in  the  treated  skin.  The  participation  of  this  phenomenon  in  human 
pathology  is  uncertain,  but  it  may  possibly  be  concerned  in  the 
pathogenesis  of  some  of  the  haemorrhagic  pur]3ura.s. 


CHAPTER  VI 

^TUMOURS 

In  previous  sections  we  have  seen  examples  of  cell  proliferation 
and  growth  of  tissues  in  the  process  of  repair,  in  response  to  irrita¬ 
tion,  and  as  a  hypertrophic  process,  and  we  have  been  able  to  recognise 
in  such  growth  an  adaptation  to  a  particular  end.  In  other  words, 
the  growth  has  been  intelligible,  and,  up  to  a  point,  capable  of  ex¬ 
planation.  Tumour  growth  is,  however,  in  a  different  category.  In 
a  tumour  or  neoplasm,  the  growth  is  not  only  excessive  but  it  is 
usually  pro^essive,  apparently  purposeless,  and  it  proceeds  with¬ 
out  regard  to  the  surrounding  tissues  or  the  requirements  of  the 
organisms  as  a  whole.  I^Tiilst  formmg  a  part  of  the  body,  a  tumour 
is  not  regulated  by  its  ordinary  laws  ;  it  grows  apart,  as  it  were, 
and  independently.  Accordingly,  it  is  spoken  of  as  autonomous 
new  growth  ;  and  this  autonomy  may  be  regarded  as  the  character¬ 
istic  feature  of  a  tumour.  When  the  relations  of  tissues  are  disturbed 
by  injury  or  otherwise,  there  follows  not  only  the  process  of  repair, 
but  an  attempt  to  restore  the  normal  relations,  and  cells  or  tissues 
which  are  no  longer  required  undergo  absorption  and  disappear.  A 
tumour,  on  the  contrary,  disregards  normal  relationships,  and  dis¬ 
places  or  infiltrates  the  surrounding  tissues.  It  thus  behaves  like  a 
parasite,  drawing  nourishment  from  the  body,  but  subserving  no 
useful  function. 

The  blood  vessels  of  a  tumour  which  are,  of  course,  continuous 
with  the  vessels  of  the  host  undergo  increased  formation  in  relation 
to  the  growth  of  the  tumour.  In  simple  tumours  the  vessels  are 
well  formed,  though  the  walls  of  the  arteries  are  often  deficient  in 
muscle,  while  in  the  malignant  growths,  especially  in  sarcomata, 
there  is  an  abundant  formation  of  thin- walled  vessels.  The  growth 
of  the  tumour,  however,  is  not  infrequently  in  excess  of  the  blood 
supply,  and  accordingly  degeneration  and  necrosis  frequently  occur. 
The  results  of  experimental  transplantation  of  tumours  in  animals 
clearly  show  that  the  cells  of  the  tumour  stimulate  in  some  way  the 
formation  of  blood  vessels  in  the  new  host,  and  the  vascular  features 
of  the  original  growth  may  be  produced  in  the  growth  which  results 
from  transplantation.  Vascular  development  may  thus  be  regarded 
as  secondary  to  the  growth  of  the  tumour. 

Glassification.  Tumours  show  an  extraordinary  variety  of 
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structure,  and  may  originate  from  any  tissue  of  the  body  at  some 
stage  of  its  development.  Thus,  for  example,  while  there  is  no 
evidence  that  a  tumour  can  spring  from  adult  nerve  cells,  it  may 
do  so  from  embryonic  nerve  cells  (neuroblasts),  at  an  early  stage 
of  their  development.  Although  tumours  most  frequently  arise 
from  the  tissues  most  active  in  repair — ordinary  connective  tissue, 
bone,  epithelium  of  skin  and  mucous  membranes,  etc.— there  occur 
also  growths  whose  origin  can  be  clearly  traced  to  highly  specialised 
cells  such  as  those  of  the  liver,  thyroid  gland,  adrenal,  etc.  Tumours 
may  thus,  first  of  all,  be  classified  on  a  purely  histological  basis,  that 
is,  according  to  the  nature  and  origin  of  their  cells.  The  parties i  la r 
kind  of  cell  by  whose  proliferation  a  tumour  is  formed  is  often  s[)ol<(ai 
of  as  the  ‘  type  cell.’ 

Again,  tumours  differ  according  to  the  stage  of  development  of  the 
particular  tissue  or  tissues  of  which  they  are  composed.  In  some,  the 
constituent  tissue  is  fully  developed  and  closc^lv^  simihii*  st.riu'l-u rally 
to  that  found  in  the  adult  body,  although  its  a,rrang(muMii.  is  ir*r(\gular 
or  atypical.  Thus  there  are  tumours  composed  of  iil)i‘ous  l;issiu\,  of 
cartilage,  of  non-striped  muscle,  etc.  Other  tumom‘s  a,r(‘  (‘sscuitially 
of  cellular  character,  and  the  cells  do  not  go  on  f.o  pi'odiuH^  tlie 
features  of  the  adult  tissue  ;  they  remain  more  or  less  undiriei’cuithitcd, 
their  activity  is  chiefly  proliferative.  This  is  r(Nulily  ap|)r('cia,ted 
in  the  cellular  connective  tissue  tumoiirs — the  sarconiatn,  -whiOi  arci 
usually  comparatively  soft  and  rapidly  growing-.  It  liolcls  cilso  in, 
the  case  of  epithelial  growths,  such  as  scirrhous  caima'r,  wIum'i^  t.lnaa^ 
may  be  induration  and  actual  shrinking,  for  the  tairnonr  is  regally 
composed  of  p>roliferatuig  epithelial  cells,  whilst  tlu^  Inu’diu^ss  a, ml 
contraction  are  due  to  the  growth  of  the  stroma,  which  is  not  a.n 
actual  part  of  the  tumour  but  is  the  result  of  irritation  of  tlie  connec¬ 
tive  tissue  by  the  invading  epithelial  cells. 

This  second  principle  of  classification  accordingly  gives  us  the 
two  main  classes  of  tissue  tumours  and  cellular  tumours,  and  the 
division  is  of  great  importance,  as  it  corresponds  with  the  two  main 
clinical  groups  of  simple  and  malignant  growths  respectively.  Various 
attempts  at  exact  classification  have  been  put  forward  by  different 
writers,  but  most  of  them  are  based  on  these  two  main  princii)les— the 
kind  of  tissue  of  which  the  tumours  are  composed,  and  the  stage  of  its 
development.  Further,  these  principles  correspond  with  the  two 
important  questions  which  the  pathologist  has  in  his  mind,  in  the 
examination  of  any  particular  growth,  viz. :  ‘  What  is  the  origin  of 
the  growth  ?  ’  and  ‘  What  will  be  its  effects  ?  ’  that  is,  '  Is  it  of  simple 
or  of  malignant  nature  ?  ’  Other  matters,  such  as  its  relation  to 
embryonic  layers,  are  no  doubt  of  interest  but  they  are  of  subsidiary 
importance.  Theoretically,  then,  from  every  kind'  of  cell  in  the 
body  a  tumour  may  spring,  and  its  tissue  may  he  either  of  adult 
type  or  may  remain  of  cellular  character — it  may  be  simple  or 
malignant.  We  may  say  that  the  theoretic  possibilities  have  been 
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observed  actually  to  occur  with  few  exceptions.  It  must  also  be 
recognised  that  while  most  tumours  fall  readily  into  one  or  other 
of  the  two  main  groups — simple  and  malignant — tumours  of  inter¬ 
mediate  structure  and  character  also  are  met  with,  and  it  may  be 
impossible  to  assign  definitely  a  place  to  a  given  example.  As  will 
be  shown  later,  there  are  all  degrees  of  mahgnanc}^  just  as  there  are 
all  grades  in  structure. 

We  thus  divide  the  tumours  originating  from  different  tissues 
primarily  into  two  main  groups,  viz.  : 

(A)  Histiomata  or  tissue  tumours. 

(B)  Cytomata  or  cellular  tumours. 

This  corresponds  with  the  main  classification  adopted  by  Powell 
White,  and  it  appears  to  be  both  justifiable  on  scientific  grounds 
and  also  convenient  for  practical  purposes.  In  some  growths,  how¬ 
ever,  there  is  a  great  complexity  of  structure  and  several  distinct 
tissues  may  be  represented,  that  is,  they  are  mixed  tumours.  In 
one  type  undifierentiated  cells  are  present,  and  these  can  be  seen 
developing  in  various  directions  and  forming  different  tissues.  Such 
a  growth  is  manifestly  derived  from  multipotent  cells  which  occur 
in  an  early  stage  of  development  of  the  embryo,  and  to  this  growth 
the  term  hlastocytoma,  as  suggested  by  Powell  White,  may  be 
conveniently  applied.  In  another  type,  the  tumour  is  composed  of 
fairly  well-formed,  though  irregularly  arranged  tissues,  and  these 
may  represent  all  three  germinal  layers.  The  term  teratoma  is  usually 
applied  to  growths  of  this  class.  The  characteristic  features  of 
these  mixed  growths  will  be  described  later,  but  it  may  be  noted 
here  that  in  many  instances  a  teratoma  is  not  a  true  tumour,  in 
the  sense  of  exhibiting  progressive  and  autonomous  growth  ;  it  is 
simply  a  mass  of  misplaced  and  mal-arranged  tissues.  A  tumour 
in  the  strict  sense  may,  however,  arise  from  one  or  more  of  its  com¬ 
ponent  tissues. 

Tumours  are  now  often  named  accordmg  to  the  cell  or  tissue 
from  which  they  take  origin,  simple  and  malignant  growths  being 
recognised  in  each  variety,  e.g.  hepatoma,  melanoma,  etc.  Each 
principle  of  classification  has  its  advantages  but  we  have  thought  it 
better  to  retain  in  general  the  older  classification  ;  the  newer  termin¬ 
ology  will,  however,  be  used  where  appropriate. 

Effects  of  Tumours.  These  are  very  various  and  many  of 
them  can  be  readily  understood.  The  presence  of  a  mass  of  growing 
tissue  of  whatever  kind  may  lead  to  pressure  on  various  important 
structures,  e.g.  on  blood  vessels  (especially  veins),  nerves,  tubes 
and  organs,  and  the  usual  results  will  follow.  In  the  case  of  malignant 
growths  such  structures  are  often  infiltrated  and  destroyed,  and  their 
function  as  organs  is  interfered  with  ;  and,  further,  the  contraction  of 
tissue  which  occurs  in  a  scirrhous  carcinoma  often  produces  obstructive 
effects,  e.g.  stenosis  of  pylorus,  intestine,  bronchi,  etc.  The  tissues 
of  tumours  have  two  main  features,  which  are  of  importance 
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in,  relation  to  tlie  e.ffects  produced  by  them.  On  the  one  hand,  they 
are  readily  injured  and  have  little  or  no  power  of  repair,  and,  on 
the  other  hand,  they  have  little  resistance  to  bacterial  invasion. 
Thus  ,a  tumour  in  relation  to  skin  or  a  niucous  membrane  often 
becomes  ulcerated,  and,  as  growth  goes  on.  extensive  destruction 
follows.  This  is  seen  especially  in  the  case  of  malignant  growths, 
but  a  simple  tumour  also,  e.g.  a  myoma  in  the  cavity  of  the  uterus, 
may  be  extensively  ulcerated.  Ulceration  often  involves  blood 
vessels,  and  thus  serious  and  sometimes  fatal  hemorrhage  may  result. 
Soft  cancers  in  the  stomach  and  elsewhere  may  be  extensively  invaded 
by  bacteria  and  undergo  extensive  sloughing,  and  there  is  no  doubt 
that  the  absorption  of  bacterial  toxins  in  such  conditions  plays  a 
very  important  part  in  the  production  of  the  anemia  and  wasting 
which  are  often  such  prominent  features.  There  still  remains  the 
question,  whether  by  the  tumour  itself  any  substances  are  produced 
which  aid  in  bringing  about  malnutrition  or  cachexia  by  their 
toxic  action,  that  is,  apart  from  the  withdrawal  of  nourishment  by 
a  rapidly  growing  tumour.  The  occurrence  of  pyrexia  can  usually  be 
ascribed  to  secondary  bacterial  invasion,  but  may  occur  apart  from  it 
and  may  be  due  to  absorption  of  products  from  dead  and  autolysed 
tissue.  It  is  hardly  possible  to  give  a  decided  answer  to  the  question, 
but  it  seems  to  us  that  the  main  effects  seen  in  cases  of  malignant 
disease  are  due  to  the  factors  above  mentioned,  and.  that  effects  of 
auto-intoxication  proper  are  of  a  subsidiary  nature.  The  above  is  a 
mere  sketch  of  some  of  the  main  results  of  tumours  ;  others  will  be 
exemplified  in  the  account  of  the  growths  in  various  organs. 

Metabolism  of  Tumours.  Observations  have  been  made  on  the 
metabolism  of  tumour  cells  as  compared  with  normal  cells.  Tiie  most 
important  results  are  those  of  Warburg  and  his  co-workers,  which 
show  that  the  cells  of  malignant  tumours  possess  a  remarkably  high 
degree  of  glycolytic  function,  as  shown  by  the  amount  of  lactic  acid 
formed  from  glucose  w-ithout  oxidation.  Under  anaerobic  conditions 
this  amount  is  several  times  that  formed  by  normal  adult  tissues, 
though  embryonic  tissues  produce  almost  as  much.  Under  aerobic 
conditions,  however,  the  amount  of  lactic  acid  formed  by  malignant 
cells  is  only  slightly  reduced  by  the  respiration,  whilst  normal  tissues 
have  almost  a  pure  respiratory  metabolism — that  is,  oxidation  of 
glucose  to  form  carbon  dioxide  and  water.  A  cancer  cell  can  live  and 
exert  its  glycolytic  function  under  anarobic  conditions  for  a  consider¬ 
able  time  ;  as  soon  asdt  dies  the  function  stops.  Normal  cells,  on 
the  other  hand,  rapidly  die  under  anserobic  conditions.  Warburg 
points  out  that  when  there  is  lack  of  oxygen,  cells  without  glycolytic 
function  must  perish,  whilst  cells  with  glycolytic  function  may  survive. 
A  chronic  state  of  oxygen  deficiency  will  thus  tend  to  encourage  the 
development  of  cells  with  marked  glycolytic  function  like  malignant 
tumour  cells,  but  there  is  no  evidence  that  such  conditions  do  in 
fact  bring  about  neoplasia.  This  might  account  for  the  metabolic 
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peculiarities  of  the  latter,  but  does  not  explain  their  indefinite  gi*o’v\i:h 
and  infiltrating  properties. 

Further  observations  have  shown  that  the  nature  and  magnitude 
of  cancer  metabolism  are  not  so  characteristic  as  Warburg  supposed. 
Crabtree,  for  example,  has  found  that  abnormally  proliferating  tissues, 
e.g.  in  response  to  bacteria  or  viruses,  may  present  the  same  peculiar¬ 
ities.  The  feature  s]3ecial  to  the  cancer  cell  is  the  permanently 
disordered  character  of  the  respiration,  this  being  passed  on  from 
one  cell  generation  to  another.  Thus  it  is  a  feature  to  be  associated 
with  its  properties  of  uncontrolled  and  limitless  proliferation  ;  it  is 
a  manifestation  of  these  properties  but  is  not  to  be  regarded  as  their 
cause. 

The  activity  of  tumour  cells,  as  has  already  been  stated,  is  essen¬ 
tially  directed  towards  proliferation,  and  as  a  rule  there  is  no  evidence 
of  increased  functional  activity.  An  exception  to  this,  however,  is 
seen  in  the  case  of  certain  tumours  of  the  endocrine  glands,  e.g. 
pituitary,  parathyroids,  islands  of  Langerhans,  etc.  In  these  the  char¬ 
acteristic  results  which  follow  give  clear  evidence  of  the  production 
in  excess  of  the  particular  hormone.  Such  growths  are  chiefly  of 
adenomatous  type  and  it  is  sometimes  difficult  to  decide  whether 
they  are  to  be  regarded  as  true  tumours  or  as  functional  hyperplasias. 
They  will  be  described  later  in  the  account  of  the  endocrine  glands. 

The  various  factors  concerned  in  the  causation  of  tumours  will 
be  more  conveniently  considered  after  the  different  varieties  of  growths 
have  been  described. 


1.  SIMPLE  TUMOURS— HISTIOMATA 

These  are  composed  chiefly  of  fully  developed  tissues,  such  as  are 
met  with  in  the  adult  body,  e.g.  fibrous  tissue,  cartilage,  muscular 
tissue,  etc.  They  are  usually  rounded  or  lobulated  in  form  and 
well  defined,  being  generally  enclosed  within  a  distinct  fibrous  capsule. 
They  displace  the  surrounding  tissues  and  produce  atrophy  by  pressure, 
but  no  infiltration  occurs,  nor  are  secondary  growths  formed.  Simple 
tumours  are  not  infrequently  multiple,  but  then  each  tumour  represents 
an  independent  focus  of  growth.  Blood  vessels  grow  in  relation  to 
the  tumour  tissue,  and  are  usually  well  formed,  though  the  arteries 
are  often  deficient  in  muscle  fibres. 

The  simple  tumours  or  histiomata  described  below  take  origin 
from  the  following  tisues,  namely : 

(a)  from  the  mesodermic  connective  tissues  and  muscle' — fibroma, 

osteoma,  chondroma,  myoma,  etc. ;  '^*4^ 

(b)  from  blood  vessels  and  lymphatic  vessels — haemangioma  and  lymph¬ 
angioma  ; 

(c)  from  the  various  epithelia — ^papilloma  and  adenoma ;  and 

{d)  from  the  neural  ectoderm — glioma  and  ganglio -neuroma. 
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It  will  lie  found  later  that  there  are  malignant  growtlis  or  eytoinata 
corresponding  to  all  these  types. 

Fibroma.  This  tumour,  which  is  composed  of  fibrous  connoc- 
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Fig.  108. — Hard  fibroma,  showing 
thick  collagenous  fibres  with  few 
cells.  X  200. 


Ficj.  109. — Soft  fibroma,  showing 
relatively  collidar  structuro. 
X  200. 


tive  tissue,  varies  considerably  in  density,  and  tliiis  hard  and 

varieties  are  spoken  of.  hifj^l 

fibroma  is  usually  of  siu all  size  and  of 
very  dense^con&istcnce ;  tiu'  cui.  su  rlliec 
is  pale^  and  may“sllbw  a  wavy  marking 
wEfclT  has  been  compared  to 
silk.  ""Microscopicany,  it  simply  shows 
broad  ^d“somewhat  hyaline  bands  of 
connectiWTissue'rw  in  a~Th.ore  or 
less''‘ifF^“uIax  manner  and  contoining 
relatively ‘  dew  cells  (Fig.  108).  The 
soft  fibrbrirata  "may  reach  a  consider- 
^  able  size  (Fig.  110)  ;  they  may  be 
pinkTsB^and  somewhat  suceulent.  The 
connectfv^  tissue  '-firbres  are  seen  on 
microscopic  examination  to  be  thinner 
and  arranged  in  whorls  or  in  a  some¬ 
what  "Imdianng  manner,  whilst . nuclei 

“y  be-tolj  .b„nd%t  (Eg.  109). 
There  is  no  sharp  line  between  the  hard 
and  soft  varieties,  and  further,  the  latter  pass  by  intermediate  stages 
into  the  sarcomata.  Moreover,  variations  in  type  of  structure  may 
be  met  with  in  the  same  growth.  A  tumour  of  intermediate  character 
was  described  by  Paget  under  the  name  of  'recurrent  fibroid.’  A 
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notable  variety  occurs  in  connection  vitli  miiscular  aponeuroses, 
especially  in  the  rectus  sheath  in  iiiultiparoiis  vomeii.  This  is  kiiovui 
as  the  desmoid  tumour  and  it  is  characterised  by  lack  of  encai)siilatioii 
and  by’XTemaakaBI^  of  the  adjacent  muscle,  the  fibres  of 

which  are  gradually  incorporated  and  undergo  atrophy.  While  its 
histological  features  point  to  its  being  benign,  it  tends  to  recur  after 
removal  and  may  ultimately  assume  sarcomatous  characters.  A 
fibroma  may  be  the  seat  of  myxomatous  change  at  places — myxo- 
fiEfbma — or  may  contain  fat — fibroliponia  ;  when  in  connection  with 
BonC  and  sometffleAeven  when  quite  unconnected  with  the  skeleton, 
it  may  be  the  seat  of  calcification  or  partial  ossification. 
are  commonest  in  the  connective  tissue  of  the  skin,  fasciae,  periosteum, 
sEeafhs  of  nerves  (neurofibromata),  and  they  are  met  with  also  in 
internal  organs^  e.g.  in  the  kidueys  or  ovaries.,  reaching  sometimes  a 
large  size  in  the  latter  organs.  In  the  skin,  they  are  often  multiple 
and  may  be  in  considerable  numbers,  constituting  the  condition  of 
molluscum  fibrosum,  or  multijple  fibromata  of  the  skin ;  sometimes 
there  are  also  localised  areas  of  diffuse  and  irregular  thickening.  In 
most  cases  of  this  condition,  though  possibly  not  in  all,  the  tumours 
grow  in  connection  with  the  sheaths  of  the  nerves  and  are  really 
neurofibromata.  The  condition  was  fully  described  by  von  Reckling¬ 
hausen,  and  is  often  named  after  him. 

The  term  keloid  is  applied  to  tumour-like  nodules  or  irregular 
thickenings,  which  tend  to  form  in  certain  individuals  after  trauma, 
“Specially  in  connection  with  cicatrices ;  for  example,  those  following 
burns.  The  keloid  tissue  is  very  dense  and,  like  scar  tissue,  contains 
very  few  blood  vessels.  The  tendency  to  the  occurrence  of  keloid 
seems  to  depend  upon  some  individual  peculiarity  or  idiosyncrasy, 
and  in  some  cases  keloid  formation  has  been  found  to  appear  in 
connection  with  very  slight  wounds,  for  example  those  made  in  the 
piercing  of  the  lobes  of  the  ears  for  ear-rings.  It  is  quite  likely 
that,  in  individuals  with  this  peculiarity,  well-marked  nodules  which 
appear  as  tumours  are  examples  of  this  peculiar  reaction  to  injury. 

Keloid  growths  may  be  surgicahy  removed  sometimes,  if  not 
often,  without  re-formation. 

Myxoma.  In  its  pure  form  myxoma  is  comparatively  rai^, 
but  myxomatous  tissue  is  often  associated  with  cTEeFTiisues  in 
vafibus  growthsTRotETsimple  and  malignant — myxo-adenoma,  myxo¬ 
chondroma,  myxosarcoma,  etc.  A  myxoma  is  composed  of  somewhat 
tran^cent  tissuei  which  is  often  brownish^ wing  to  the  occurrence 
of  hsemorrhage.  The  growth  is  well  encapsulated  and  may  occasion¬ 
ally  reachrWconsiclerable  size.  On  microscopic  examination  it  shows 
the  features  of  myxomatous  tissue  as  met  with  in  the  fcetus,  the  cells 
being  of  stellate  jlT^m:  with  branching  processes  embedded  in  a  clear 
mucoid  matrix  (Rig.  1 1 1)  •  Myxomata  occur  chiefly  in  the  siib cutane^is 
tissueToc^ionally  in  the  mamma,  in  internal  organs,  e.g.  the 
anTin  the  subperitoneal  connective  tissue.  They  grow  also  from  the 
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slieatiis  of  nerves,  thus  constituting  another  variety  of  perineural 

tumour  ;  occasionally  a  luyxoiUci 
^  v'  '  h'  '  \  nature  may  :reacli  a  large 

'.4*  '  ''  ^  size  and,  undergo  central  softc-^iiing. 

».  .  n:r\"xomatons  tissue  in  sorm^ 

\  ^  •  mixed  tumours  of  congenital 

.1;  NX  H  origin  may  be  regarded  as  re- 

^  presenting  a  persistence  of  fcetal 
^  ■  '  tissue,  and  some  writers  regard 

d  \  ^  all  true  myxomata  in  this  light. 

■  V ^  some  growths,  however,  the 

k  ‘4  Nk^  ^  V  ^  myxomatous  tissue  is  clearly 

'  ■■  .  ■  ‘  ^  formed  by  metaplasia  from 

'  /  .  another  tissue,  e.g.  hbrous  tissue 

^  ^  or  cartilage.  My  xomata  are 

.  A  h  ^  usually  simf)!(‘  gifrwfrisf*^^ 

'\d  ..i  \  inyxc)Karcomaf;a  and  tninsitional 

forms  also  o(T(*ur.  TTr(^  common 
Fiq.  111. — Myxoma  of  breast,  showing  ,  -  , ,  ,  •  , 

branching  cells  in  clear  matril  mucoua  polypi  ol'  the.  H(..s<^  winch 
X  200.  are  met  with  as  tense  oval 

growths  with  smooth  surface  and 
jelly-like  consistence,  are  not  neoplastic  hut  consist  of  extremely 
oedematous  submucous  coimective  tissue.  / 


1  fflf  "  . 


Fiq.  111. — Myxoma  of  breast,  showing 
branching  cells  in  clear  matrix. 
X  200. 


Lipoma.  The  lipoma  is  a  shnple  tiimour  composed  of  ordinary 
^ipose  tissue.  Around  the  blood  vessels,  round  or  oval  cdls  are 
lusualiy  to  be  seen7”and  it  is  by  the  proliferation  of  these,  and  their 
subsequent  infiltration  with  fat,  that  the  tumour  increases  in  size. 
A  lipoma  is  usually  a  somewhat  rounded  mass,  well  dem arcated ,  pro¬ 
jecting  from  theskin^and  in  some  cases  pedunculated.  It  sometimes 
reacEFs'^“^COT  size,  and  may  have  blunt  projections  which 

pass  into  the  tissues  around.  Not  infrequently  multiple  tumours  are 
present  and  occasionally  they  are  symmetrical.  The  origin  of  lipo- 
mata  seems  to  have  a  certain  relation  to  irritation  and  pressure,  as 
they  are  commonest  over  the  shoulders  and  buttocks.  They  occur 
also  within  the  abdomen,  especially  in  connection  with  the  pei'irenal 
fat  but  also  in  the  omentum,  ap|)endices  epiploicae,  and  in  the  su  bscrous 
and  submucous  coats  of  the  stomach  and  bowel ;  occasionally,  though 
rarely,  in  the  solid  organs,  where  they  may  he  of  congenital  origin. 
An  interesting  fact  is  that,  should  the  patient  become  emaciat-cHl, 
the  fat  ill  the  tumour  is  not  utilised,  being  outwith  the  general  riud'/a- 
holism  of  the  body.  In  a  lipoma  there  may  be  areas  of  fibrous  or 
myxomatous  tissue — ^the  tumour  being  then  a  fihrolipoma  or  myxo¬ 
lipoma  respectively  ;  occasionally  there  are  areas  of  calcification. 
We  have  seen  sarcoma  develop  in  connection  with  lipoma,  hut  such 
an  occurrence  is  very  rare,  most  lipo-sarcomata  being  malignanf 
from  the  beginning. 

Fibro- endothelioma.  The  best-known  example  of  a  simple 
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tumour  in  which  endothelium  is  a  constituent  occurs  in  connection 
with  the  membranes  of  the  brain  or  spinal  cord.  Fibro-eiidothelio- 
mata  of  the  cerebral  and  spinal  meninges  are  now  usually  spoken  of 
as  meningiormta  ;  their  characters  are  described  in  detail  later. 

Chondroma .  Tumours  composed  of  hyaline  cartilage  of tenest  arise 
from  the  epiphyseal  lines  of  bones.  The  commonest  sites  are  the  small 
bones  of  the  hands  and,  less  frequently,  of  the  toes  ;  and  there  they 
are  often  multiple.  They  form  rounded  firm  masses  which  may 
reach  a  considerable  size,  and,  on  section,  are  seen  to  be  composed 
of  islets  or  nodules  of  cartilage  enclosed  by  connective  tissue  (Fig. 
112),  which  may  be  fairly  vascular.  The  fibrous  tissue  next  the 
cartilage  acts  as  a  perichondrium,  and  it  is  b}^  proliferation  of  its 
cells  and  subsequent  metaplasia  that  the  cartilage  increases  in  amount. 
The  matrix  of  the  tumour  shows  the  ordinary  features  of  hyaline 


•"at-  .  li.J. VyXiUXiUi.uixna»,  ojLxwvAxxg 

Fig.  112.— Chondroma  of  finger  irregularly  arranged  in  hyaline 

shown  on  section.  matrix.  X  250. 


cartilage,  but  the  cells  are  less  regular  in  size  and  shape  and  also  in 
arrangement  (Fig.  113).  Occasionally  islets  of  spongy  bone  may  be 
incorporated  in  the  tumours.  Chondroma,  which  sometimes  reaches 
an  enormous  size,  occurs  occasionally  in  connection  with  the  ilium,  and 
we  have  seen  a  similar  growth  in  the  scapula.  These  large  tumours 
usually  undergo  a  considerable  amount  of  degeneration  and 
softening  in  their  central  parts,  and  there  is  often  extensive  myxoma¬ 
tous  change.  The  examples  given  are  usually  of  quite  simple  nature, 
but  there  occur  also  highly  cellular  chondromata— chondrosarcomata 
— in  connection  with  the  ends  of  the  long  hones.  These  tumours  are 
often  highly  malignant  (p.  227).  Hyaline  cartilage  is  met  wnth  as  a 
constituent  of  various  mixed  tumours,  e.g.  in  the  parotid,  testicle, 
etc.,  and  chondromata  may  occasionally  he  found  apart  from  normal 
cartilaginous  or  osseous  structures. 

Osteoma .  Whilst  bony  outgrowths  or  osteophytes  are  of  common 


2(^S 


TEXT-BOOK  OF  PATHOLOG-T 


occurrence  in  connection  with  chronic  inflammatory  conditions  of 
bone  and  certain  diseases  of  joints,  true  osteoma  is  a  compara¬ 
tively  uncommon  tumour.  Two  varieties  are  usually  distinguished, 
viz.  a  hard  or  ivory  osteoma  and  a  spo7igy  or  cancellous  osteoma.  Occa¬ 
sionally  the  tumour  occurs  in  the  central  parts  of  a  bone,  but  much 
oftener  it  grows  outwards,  forming  a  projection  commonly  spoken  of 
as  an  exostosis.  Two  varieties  are  also  to  be  distinguished  as  regards 
the  mode  of  formation  of  the  bone.  In  one  variety,  the  tumour  is 
covered  by  a  layer  of  cartilage,  and  enlargement  follows  by  a  process 
like  ordinary  ossification  in  cartilage.  Such  a  tumour  occurs  in  the 
region  of  the  epiphyseal  lines.  An  example  of  this  is  met  with  on 
the  dorsal  aspect  of  the  last  phalanx  of  the  big  toe,  where  the  growth 
raises  the  nail  of  the  toe  ;  it  is  called  a  sub -ungual  exostosis.  In 
the  other  variety  the  tumour  is  simply  covered  by  periosteum. 
Osteoma  is  met  with  in  the  bones  of  the  skull ;  the  frontal  bone 
is  a  not  uncommon  site  and  the  tumour  is  often  of  the  hard  or  ivory 
type.  It  occurs  in  connection  with  the  bones  of  the  face,  and  may 
project  into  the  orbit  or  antrum  of  Highmore.  It  is  met  with  also 
in  the  long  bones,  although  there  it  is  relatively  rare.  Abnorrnal 
bone  formation,  which  cannot  be  regarded  as  of  the  nature  of  true 
tumour,  occurs  in  a  number  of  situations,  for  exam|)le,  in  the  dura 
mater,  and  occasionally  in  the  lungs  ;  and  there  is  the  peculiar 
condition  called  myositis  ossificans,  in  which  much  bone  is  formed 
in  the  tendons  and  substance  of  the  muscles.  Bone  formation  occasion¬ 
ally  occurs  also  in  mesial  abdominal  scars.  In  these  cases,  tlie  bone 
formation  seems  to  be  of  the  nature  of  metaplasia. 


Odontoma.  The  term  is  applied  in  a  general  way  to  any  tumour-like  nurss 

developing  in  conn(3ction  with 
the  tissues  wliicli  form  tlio 
teeth.  Such  a  growtli  may 
arise  at  various  stages  of 
development,  and  may  consist 
of  one  or  several  tissues ; 
accordingly  odontornata  pre¬ 
sent  considerable  varieties  of 
structure,  We  can  mention 
only  a  few  in  illustration. 
Sometimes  the  tooth  follicle 
forma  a  cyst,  in  the  interior  of 
which  one  or  more  teeth  may 
be  formed — dentigerous  cyst ; 
occasionally  the  cyst  may  con¬ 
tain  a  large  number  of  im¬ 
perfectly  developed  teeth  or 
denticles.  In  the  cyst  wall 
lime  salts  are  often  deposited 
or  formation  of  bone  occurs. 
In  other  cases  an  odontoma- 
consists  of  various  structures 
containing  enamel  and  cement 
irregiilarly  fused  together  and 


Fig.  114.— Adamantinoma,  showing  spaces 
lined  by  epithelium,  some  of  which  Contain 
a  loose  network  of  cells  resembling  the 
stellate  reticulum  of  the  enamel  organ .  x  60 . 
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sometimes  forming  a  hard  irregular  mass  ;  the  term  composite  odontoma  is  applied 
to  such  a  structure.  In  other  cases  the  growth  is  of  epithelial  nature  and  is  com¬ 
posed  of  masses  and  anastomosing  strands  of  epithelial  cells  (Fig.  114).  Those  at 
the  periphery  are  usually  columnar  in  type  and  are  believed  to  represent  enamelo- 
blasts,  whilst  the  cells  within  are  of  more  stellate  or  irregular  form.  The  ceU 
masses  may  be  solid,  but  not  infrequently  the  central  portions  undergo  softening 
so  that  cysts  are  formed,  which  are  often  multiple.  Such  a  growth  was 
ordinarily  called  epithelial  odontoma^  but  recently  the  term  adarnayitinoma  has 
come  into  use.  According  to  one  view,  such  growths  take  origin  from  an 
enamel  organ,  whilst  according  to  another  they  are  derived  from  small 
masses  of  epithelial  cells — ‘paradental  remains’ — which  occur  normally  in 
the  fcetus  in  the  region  where  the  teeth  are  being  developed.  Such  epithe¬ 
lium  is,  however,  of  nature  homologous  to  that  of  the  enamel  organ.  W  hilst 
adamantinomata  often  behave  as  simple  growths,  especially  the  cystic  varieties, 
the  more  solid  types  not  infrequently  present  invasive  and  destructive  proper¬ 
ties  ;  occasionally  also  malignant  change  takes  place  in  the  stroma. 

Myoma.  There  are  two  varieties  of  myomata,  viz.  the  leio¬ 
myomata,  composed  of  non-striped  muscle  fibres,  and  the  rhabdo¬ 
myomata,  in  which  striped  muscle  fibres  are  constituent  elements. 
The  latter  form  is,  however,  so  rare  that  the  term  myomata  without 
qualification  is  often  nsed  simply  to  signify  leiomyomata. 

The  leiomyomata  are  composed  of  fasciculi  of  non-striped 
muscle  cells,  which  are  arranged  in  a  more  or  less  parallel  manner 


Fig.  115. — Transverse  section  of  leio¬ 
myoma  of  the  uterus,  showing  the 
characteristic  marking.  X  |. 


Fig.  116. — Leiomyoma. 

The  muscular  bundles  are  seen  in  longitudinal 
and  in  transverse  sections ;  the  tumour  is  more 
cellular  than  usual,  x  200. 


within  the  bundles,  whilst  the  latter  are  arranged  in  a  whorled  man¬ 
ner  (Pig.  115).  A  small  amount  of  supporting  connective  tissue  runs 
amongst  the  individual  fibres,  whilst  broader  bands  separate  the 
bundles.  The  proportion  of  connective  tissue  to  muscle  fibres  varies 
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mucii  in  different  specimens,  and  when  the  fibrous  tissue  is  abundant, 
the  term  fihromyoma  or  fibroid  is  applied.  The  tumours  are  usually 
of  a  firm  consistence  and  rounded  form,  and,  on  section,  have  a 
pinkish  colour  and  a  characteristic  concentric  marking  or  whorled 
appearance,  owing  to  the  arrangement  of  the  fibres  (Fig.  116). 
Leiomyomata  are  essentially  simple  growths,  but  sarcoma  may 
develop  in  connection  with  them,  and  may  originate  from  the  muscle 
cells.  This  tumour,  which  is  called  a  myosarcoma,  is,  however,  of 
rare  occurrence.  The  commonest  site  of  myomata  is  the  uterus,  in 
which  they  are  often  multiple.  They  occur  also  in  the  ovaries, 
prostate,  bladder,  alimentary  tract,  etc.,  but  are  relatively  rare. 
Occasionally  small  myomata  are  found  in  the  skin,  and  it  has  been 
supposed  that  they  may  be  derived  from  the  walls  of  blood  vessels 
or  the  erector  muscles  of  the  hair  sheaths. 

The  leiomyoma  of  the  uterus  is  extremely  common,  and  may 
sometimes  reach  a  very  large  size.  Although  it  is  usually  of  a  firm 
consistence,  the  stroma  may  become  oedematous  and  mucoid  softening 
may  take  place,  or,  in  other  cases,  there  may  be  haemorrhage  with 
autolytic  softening — ‘  red  softening.’  Myomata  usually  cease  to  grow 
at  the  menopause,  and  a  considerable  amount  of  involution  with 
decrease  in  size  is  common.  The  muscle  fibres  then  atrophy,  and 
form  a  smaller  proportion  of  the  growth.  Fatty  change  may  occur, 
or  there  may  be  extensive  calcification.  A  tumour  may  be  thus 
converted  into  a  hard  stony  mass  or  'womb-stone,’  and  it  is  interest¬ 
ing  to  note  that,  when  it  is  sawn  across,  the  peculiar  concentric 
markings  may  still  be  visible  on  the  cut  surface.  Further  details 
with  regard  to  uterine  myomata  will  be  given  later. 

Rhabdomyoma,  This  is  a  tumour  of  rare  occurrence,  in  which  iiuporfoci.ly 
formed  striped  muscle-cells  or  myoblasts  are  present  ;  it  is  almost  invjiriabiy 
malignant,  and  after  repeated  local  recurrences,  xnetastases  oc.ciu’.  K.  occurs 
especially  in  comiection  with  the  genito -urinary  tract,  Ic'ss  lVe(|U(Mit!y  in  tlu^ 
alimentary  tract,  and  occasionally  in  the  skeletal  musc*l(^s.  VVlum  gi*o\viog 
beneath  a  mucous  membrane  it  commonly  presents  mm^ei'ous  hluut  (‘lublxHl 
processes — so-called  grape-like  or  botryoid  tumour.  We  ka.\^e  sc'cai  s(n'(a“iil 
examples  in  the  soft  palate  in  children.  A  form  of  rluibdoinyoniai  luis  Ikhml 
observed  also  in  the  cardiac  muscle.  The  growth  is  probably  always  of  con¬ 
genital  origin,  but  it  is  not  possible  to  explain  why  it  occ.urs  in.  ])a.rl.s  wlnno  non- 
striated  muscle  but  no  striated  muscle  is  present.  Tlie  tiMiiour  luis  generally 
the  appearance  of  a  fairly  firm  sarcoma.  Many  of  the  cells  are  spiiulU^  sh.a,j)(Ml. 
while  others  are  strap-like  and  show  transverse  striation  especially  in  tlio  p(u*i- 
pheral  portion  of  the  cytoplasm,  the  nucleus  or  nuclei  being  central  in,  position. 
Sometimes  fairly  well- formed  bundles  of  thin  fibres  are  present.  Tlie  tumour 
may  remain  localised  and  reach  a  considerable  size,  but  later  it  presents  invasive 
characters  and  metastases  may  be  produced  both  by  the  blood  stream  and  to 
the  regional  lymph  nodes,  where  the  secondary  growths  may  present  an  alveolar 
architecture  simulating  carcinoma.  Striped  myoblasts  may  be  met  with  also 
in  certain  teratoid  tinnours  along  with  cartilage,  glandular  epithelium,  etc;.  ( hb‘g- 
-  142).  A  tinnour  of  this  kind  oeciirs  sometimes  in  the  region  of  the  kidney,  a,ud 
in  it  are  present  both  muscle  elements  and  others  represcmting  kidney  structui-c^s. 

A  curious  type  of  tumour  known  as  ‘  granular-cell  myoblastoma’  is  not 
uncommon  in  the  tongue  but  also  occurs  in  the  skin,  larynx,  etc.  It  is  composed 
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of  elongated  cells,  with  nuclei  at  intervals  as  in  muscle  fibres ;  the  cytoplasm 
is  acidophilic  and  is  broken  up  into  innumerable  rounded  gramilar  masses, 
and  striation  is  completely  absent.  The  lesion  is  a  true  neoplasm  and,  though 
not  well  defined,  usually  behaves  as  a  simple  tumour.  We  liave,  however,  seen 
multiple  recurrences  and  im doubted  local  malignancy  ;  nietastases  have  also 
l)een  recorded.  A  remarkable  feature  is  the  tendency  of  the  overlying  squamous 
epithelium  to  ])e  markedly  and  irregularly  hyperplastic,  so  that  an  erroneous 
diagnosis  of  scpiamous  epithelioma  may  be  made. 

Haemangioma.  A  hsemangioina  consists  of  a  mass  of  blood 
vessels,  atypical  or  irregular  in  arrangement  and  size.  A  correspond¬ 
ing  growth,  lymphangioma,  is  composed  of  lymphatic  vessels  similarly 
altered  ;  but  as  this  is  rarer,  the  term  angioma  is  often  used  as 
synonymous  with  haemangioma.  Varieties  of  haBmangiomata  are 
distinguished  according  to  the  predominant  type  and  arrangement 
of  vessels.  In  the  plexiform  angioma,  the  dilated  vessels  retain 
their  ordinary  form  as  coiled  tubes  ;  the  vessels  may  be  chiefly 
capillaries — capillary  angioma  or 
7UBVUS  ;  or  they  may  be  mainly 
composed  of  large  veins — venous 
angioma  or  nmvus.  There  is  no 
hard  and  fast  line,  however, 
between  these  two  types,  as  in 
most  instances  both  kinds  of 
vessel  are  involved,  though  one 
to  a  special  degree.  The  other 
type  of  angioma  is  the  cavernous^ 
in  which  the  tumour  is  composed 
of  a  series  of  intercommunicating 
vascular  spaces,  separated  by  a 
definite  stroma,  the  arrangement 
resembling  closely  that  of  an 
erectile  tissue  (Fig.  117).  Cap¬ 
illary  angiomata  occur  most 
frequently  on  the  face,  although 
they  are  met  with  also  on  other 
parts  of  the  body.  They  may 
be  comparatively  small,  scarcely  raised  above  the  surface  and  of 
crimson  tint ;  or,  on  the  other  hand,  they  may  involve  a  considerable 
area,  when  they  are  usually  somewhat  elevated  and  of  darker  colour. 
Then  transitions  are  met  with  to  angiomata  of  venous  type,  these 
forming  more  distinct  projections  and  being  of  a  purple  colour. 
Angiomata  occur  also  hi  the  mucous  membrane  of  the  mouth,  in  the 
subcutaneous  tissue,  and  in  various  internal  organs,  kidneys,  intestines, 
brain,  etc.  In  the  Mver,  angiomata  of  the  cavernous  type  are  compara¬ 
tively  frequent.  They  are  of  a  dark  purplish  hue  and  are  usually  weU 
demarcated  from  the  adjacent  tissue.  They  may  be  single  or  multiple. 

The  capillary  angiomata  are  essentially  composed  of  a  mass  of 
capillaries  with  well-formed  interstitial  stroma ;  they  are  often  badly 


Fig.  117. — Cavernous  angioma  of  sub¬ 
cutaneous  tissue,  showing  large 
intercommunicating  spaces  filled 
with  blood.  X  80. 
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defined  at  their  margins,  and  their  vessels  may  be  mixed  with  other 
tissues.  Their  endothelial  cells  are  usually  plumper  than  those  of 
normal  vessels,  and  they  may  have  an  almost  cubical  form  (Fig.  118). 

Angiomata  are  usually  due  to  almormalities  in  the  process  of 
development ;  in  fact,  this  is  probably  al\\'a;\'s  tlu‘  (•a,s(\  Each  angioma 
has  its  own  artery  of  supply  and  venous  drahuigc^  lait  it  has  been 
found  by  injections  that  there  is  little  or  no  connection  with  the 
suiTomiding  vessels.  The  angiomata  often  rema,iii  little  altered  in 
size,  and  are  thus  to  be  regarded  as  abnormalities  in  growth  r‘a,thei‘ 
than  as  true  tumours  ;  sometimes,  however,  tlu^y  (‘uhrrgc^  out  ol' 
proportion  to  the  rest  of  the  body,  and  this  would  apixau*  to  bc^  diu^  t,o 
increase  and  enlargement  of  their  own  vessels  rather  tlaui  i.o  dilata-ilon 
of  the  vessels  around.  Although  often  ill-defined  a,t  ituhi*  ma,rgins, 

they  are  essentially  of  simple 
nature.  Ca,ses,  however,  have 
been  met  witli  where  multi|)le 
angiomata  were  })resent  in  tlu^ 
skin  ariid  internal  oi'ga^ns.  A 
fe  w  i  n  sta.n  ce  s  a.  I  so  liai  Ve  l)e(vn 
i‘e  cord  ed  w  h  e  re  angi  om  ata  have 
formcxi  riiinierous  metastases 
and  3nd.  haiVe  |)resented  the 
histological  feature's  of  c.om- 
]  )arati  vely  simple  growt  h  s . 

Sherman  lias  |)ublisli(‘d  a  re¬ 
markable  ca,s(^  of  tlvis  kind, 
and  has  descT’ibtid  the  gixjwtli 
w'ihhin  tlie  pulmonary  vessels 
Fig.  118. — Capillary  a,ngioma  or  nawus,  of  endothelial  tufts,  whicll 

showing  capillary  channels  containing  off  and, 

blood.  A  few  lat  cells,  seen  as  clear  ®  . 

spaces,  are  present,  x  200.  distributed  by  the  blood  stream 

to  give  rise  to  other  growths. 
Such  an  occurrence  is,  in  a  way,  comparable  to  the  transplaiitaiticm 
of  papillae  from  a  papilligerous  ovarian  cyst  (j).  21.8)  or  to  the 
transplantation  of  portions  of  endometrium  as  occiirs  in  certain 
adeiiomyomata.  Further,  it  may  be  mentioned  thaf  tlu'i-e  oecairs 
a  malignant  type  of  endothelioma — angio-endotbelioma  - whose 
origin  is  traceable  to  the  vascular  endothelium  and  whic*h  forms  hotli 
new  capillaries  and  solid  masses  of  cells,  the  two  tyi)es  Ixung  in¬ 
timately  blended.  This  growth  is  relatively  rare  (]).  253)  and  must 
be  distinguished  from  a  sarcoma  in  which  there  is  an.  (^sp(H*-ially 
abundant  formation  of  new  vascular  channels,  usual ly  of  widc^  thin- 
walled  type — telangiectatic  sarcoma.  Tumours  originating  from  vas¬ 
cular  endothelium  thus  form  an  interesting  group,  as  they  present  all 
stages  from  simple  to  malignant  types. 

Gloman^ioma.  This  is  a  special  form  of  angioma,  known  also  as  ‘  glomus 
tumour,’  which,  develops  in  connection  with  a  glomus  or  arterio-venous  anasto- 
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mosis.  In  sueli  an  anastomosis  a  coiled  arteriole,  abundantly  supplied  with 
nerve  fibres,  communicates  directly  with  a  vein,  and  the  arrangement  is  recognised 
as  having  an  important  function  in  regulating  the  peripheral  circulation  and 
skin  temperatiue.  Such  anastomoses  occur  especially  in  the  extremities,  notably 
under  the  nail  bed.  The  tumour  is  of  simple  nature,  forming  a  small  localised 
nodule,  and  a  characteristic  feature  is  its  painful  character.  In  some  of  the 
cases  known  as  ‘  painful  subcutaneous  tubercle  of  Wood  ’  the  condition  was 
presumably  of  this  nature.  On  microscopic  exammation  the  tumour  is  found  to 
consist  of  two  kinds  of  tissue  variously  interblended  (Fig.  119).  One  is  of 
cavernous  type,  the  spaces  being  filled  with  blood  and  separated  by  fibromyo- 
matous  tissue.  The  other  is  a  cellular  tissue,  the  characteristic  cells  of  which 
are  of  rounded  or  cuboidal  form  and  are  called  ‘  myoid,  ’  as  transitions  to  smooth 
muscle  fibres  can  be  found.  The  growth  is  abundantly  supplied  with  medullated 
and  non-medullated  fibres  and  the  pam  is  apparently  due  to  distensile  pressure 
of  the  blood-containing  spaces.  The  painfulness  is  not,  however,  in  proportion 


Fig.  119a  and  b. — Glomangioina. 

(а)  Small  siibcutaneous  encapsulated  growth  showitig  the  coiled  arteriole. 

X  S-  _  „ 

(б)  The  clear  myoid  cells  siUToimding  a  vascular  space.  X  350. 


to  the  neural  content.  The  origin  of  the  growth  seems  to  be  distinctly  related 
to  trauma  and  it  is  doubtful  if  the  condition  should  be  regarded  as  a  true 
neoplasm.  It  is  to  be  noted  that  a  small  myoma  of  the  cutis  may  have  a  similar 
painful  character  and  it  is  possible  that  the  two  forms  of  growth  may  have  a 
relationship  in  origin. 

Lymphangioma.  This  variety,  as  has  been  stated,  is  derived  from 
the  lymphatic  vessels,  and  presents  a  certain  correspondence  with  the 
hemangioma.  It  maybe  composed  of  numerous  lymphatic  vessels — 
the  plexiform  lymphangioma — but  more  frequently  it  has  a  cavernous 
structure.  Dilatation  and  growth  of  vessels  may  occur  as  a  diffuse 
process  called  lympJiangiectasis  and  give  rise  to  enlargement  of  a  part ; 
for  instance,  a  condition  of  enlargement  of  the  tongue  or  macrpglossia 
may  he  produced  in  this  way.  Such  a  condition  may  be  of  congenital 
origin,  but  it  is  sometime?  difficult  to  distinguish  it  from  one  resulting 
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from  lymphatic  obstruction,  which  may  be  produced  by  chronic  in¬ 
flammation,  parasites,  etc.  The  cavernous  lymphangioma  occurs  most 
frequently  in  the  skin  and  subcutaneous  tissue,  and  may  form  a  distinct 
swelling,  somewhat  ill-defined  and  having  a  doughy  or  semi-fluctuating 
character.  On  microscopic  examination  it  is  found  to  contain  large 
intercommunicating  lymphatic  spaces,  betw^een  which  there  are  ordin¬ 
ary  connective  tissue  and  fat  (Fig.  120).  And  an  interesting  point  is 
that  bundles  of  non-striped  muscle  may  be  present,  these  probably 
being  derivatives  from  the  muscle  of  the  walls  of  lymphatic  trunks. 
The  contents  of  the  spaces  are  a  clear  lymph,  in  which  collections  of 
lymphocytes  are  present.  Sometimes  effusion  of  blood  occurs  into  the 
spaces  and  renders  the  diagnosis  between  hmmangioma  and  lym¬ 
phangioma  difficult.  Lymphangiomata  occur  occasionally  also  in 

mucous  membranes,  in  the 
tissues  of  the  orbit  and  mesen¬ 
tery,  and  in  connection  with 
internal  organs. 

Sometimes  the  spaces  in 
lymphangiomata  undergo  great 
dilatation,  and  thus  a  multi- 
locular  cystic  mass  is  formed. 

This  has  occasionally  been 
met  with  in  the  neck  and 
in  the  retro -peritoneal  and 
mesenteric  tissues  ;  it  is,  how¬ 
ever,  very  rare.  Sometimes 
a  single  cyst  is  formed,  as  in 
the  hygroma  of  the  neck, 
which  may  reach  a  large  size 
and  may  ramify  into  the 
tissues  ;  it  may  occur  either  in 
the  upper  or  lower  parts  of  the 
neck.  It  may  be  distinguished  from  other  cysts  in  this  region  by  its 
being  lined  by  endothelium,  e.g.  from  a  cyst  originating  from  a 
branchial  cleft  which  is  lined  by  epithelium. 


Fig.  120. — Cavernous  lymphangioma  of 
subcutaneous  tissue,  showing  inter¬ 
communicating  spaces  filled  with 
lymph,  in  which  there  are  some 
collections  of  lymphocytes.  X  45. 


Papilloma.  Papilloma  and  adenoma  are  usually  spoken  of  as 
simple  epithelial  tumours,  but  it  must  be  recognised  that  in  both 
connective  tissue  is  a  constituent  element  and  its  growth  is  co¬ 
ordinated  with  that  of  the  epithelium.  Thus  in  the  papilloma,  con¬ 
nective  tissue  always  forms  a  definite  vascular  core  which  supports 
and  nourishes  the  epithelium  (Fig.  121) ;  and,  in  the  adenoma  which 
grows  from  glandular  structures,  the  connective  tissue  retains  its 
normal  relationship  to  the  growing  epithelium. 

Papillomata  may  grow  from  the  skin,  mucous  membranes, 
or  ducts  of  glands,  and  may  occur  also  as  ingrowths  in  the  interior 
of  cystic  tumours.  The  development  of  papillomata  has  often  a 
definite  relationship  to  chronic  irritation.  Thus,  a-  mncons  membrane, 
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the  seat  of  chronic  catarrh,  often  becomes  irregularly  thickened 
and  then  papillomata  may  develop.  In  the  skin  a  similar  relation¬ 
ship  is  to  be  observed.  In 
chronic  gonorrhoea,  for  ex¬ 
ample,  the  skin  around  the 
genitals  exposed  to  discharge 
may  become  the  seat  of 
papillomata  or  ‘  acuminate 
condylomata,’  which  vary 
considerably  in  size  from 
simple  warty  projections 
to  larger  masses  often 
broken  up  into  fine  pro¬ 
cesses  or  lobules.  Warts  in 
children  have  long  been 
considered  to  be  of  infective 
nature  and  it  has  now  been 
shown  that  they  are  pro¬ 
duced  by  a  filterable  virus. 

Probably  the  acuminate 
condjdomata  are  also  really 

of  this  nature.  Infective  papillomata  are  also  met  with  in  animals. 

The  stratified  squamous  epithelium  covering  the  surface  of  skin 
papillomata  presents  variations.  In  some  the  rete  Malpighii  is  rela- 


Fig.  121. — Papilloma  of  skin,  showing  branch¬ 
ing  processes  of  connective  tissue  covered 
by  stratified  epithelinm.  X  12. 


Fig.  122. — Papilloma  of  bladder, 
showing  delicate  processes  with 
several  layers  of  oval  epithelial 
cells.  X  40. 


Fig.  123. — Papilloma  of  bladder. 

Section  of  a  process,  showing  the  relation 
of  epithelium  to  vascular  core  of  connective 
tissue.  X  200. 


tively  thick,  but  in  others  the  stratum  corneum  is  greatly  in  excess, 
and  then  the  term  heratoma  is  applied.  Sometimes  in  elderly  subjects, 
as  a  result  of  irritation,  malignant  change  takes  place  in  these 
grotvths. 
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Tlie  villous  tumour  of  the  bladder  m,ay  be  taken  as  another 
common  exaiiiple  of  papilloma.  In  this  case,  the  epithelial  pro¬ 
cesses  are  extremely  delicate  and  float  out  readily  in  water,  the 
appearance  being  compared  to  that  of  a  sea  anemone.  Each  pro¬ 
cess  is  composed  of  a  very  thin  vascular  core  of  connective  tissue 
covered  by  several  layers  of  oval  or  rounded  cells  (Figs.  122,  123), 
which  are  definitely  arranged  in  relation  to  the  supporting  stroma. 
Frec^uently  these  processes  become  broken  across  and  severe  lisemor- 
rhage  occurs  from  the  vascular  core.  Later  the  sliarp  line  of  dernarca,- 
tioii  between  epithelium  and  connective  tissue  may  l)ecome  brokcai, 
the  cells  of  the  tumour  infiltrate  the  Tniiscular  wall  of  the  bhuhha’, 
and  a  malignant  condition  has  then  supcrvcaual.  Further,  a  l)hi(hka* 
papilloma  may  recur  after  removal  own  wIumi  on  liistological  examiim- 
tion  it  is  apparently  benign.  A  similar  statement  a[)plies  to  papilloma 
of  the  larynx.  In  the  papillomata  of  the  stomach  and  intc^stliu's 
(Fig.  124)  the  covering  epithelium  is  arranged  in  (a*yj)ts  lik(‘  Li(4)(M'- 

kiihn’s  glands,  and  tiuis  on 
section,  a  somewhat  complicated 


appearance  is  presented,  rather 
like  that  of  an  adenoma.  Here 
again,  malignant  disease  is  apt 
to  develop.  Papillomata  of  the 
alimentary  tract  are  sometimes 
multiple.  Papillomata  are  of 
common  o  c  c  u  r  r  e  n  c  e  in  the 
ducts  of  the  mammary  glands 
in  cystic  disease,  and  also  apart 


from  this  condition. 


Fig.  124.— Papilloma  of  rectum.  X  important  example  of  a  duct 

opapilloma  is  that  arising  in  one  of 
the  lactiferous  ducts  of  the  nipple.  It  is  usually  of  somewhat  rounded 
form  and  may  reach  the  size  of  a  small  cherry ;  and  it  may  give  rise 
to  sanguineous  discharge  or  even  to  distinct  liminorrhage.  Ihe  de¬ 
velopment  of  papillomata  within  cysts,  then  called  proliferous  or 
papilligerous  cysts,  is  seen  especially  in  cysts  of  the  ovary  and  mamma. 


Adenoma.  The  adenomata  are  simple  tumours  composed  of 
glandular  epithelium  along  with  a  varying  amount  of  definitely 
arranged  connective  tissue.  The  two  kinds  of  tissue  are  essential 
constituents.  They  may  arise  from  practically  any  glandular  organ 
in  the  body — mammse,  ovaries,  liver,  adrenals,  thyroid,-  sweat  and 
sebaceous  glands,  etc.  As  a  rule,  the  general  structural  features  of 
the  gland  from  which  the  tumour  arises  are  reproduced.  Thus  a 
tumour  of  the  mamma  has  an  acinous  arrangement  (Fig.  125) ; 
whereas,  in  an  adenoma  of  the  liver  or  adrenals,  the  cells  are  arranged 
in  trabecular  fashion.  We  consider  that  adenomata  commonly  take 


origin  from  glaiidiilar  epithelium  which  has  become  dislocated  or 
separated  during  development  or  at  a  later  period.  For  example,  an 
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Fig.  125. — Adenoma  of  breast,  showing 
regularly  formed  acini,  embedded  in 
stroma  of  connective  tissue.  X  SO. 


adenoma  of  the  liver  usually  contains  no  bile-ducts,  and  the  appear¬ 
ance  is  as  if  trabeculae  of  the  liver  cells  had  become  separated  and 
had  gone  on  proliferating 
indefinitely.  So  also,  an 
adenoma  of  the  adrenal 
appears  to  result  from  such 
a  dislocation,  just  as  an 
adrenal  ‘  rest  ’  does.  If  we 
consider  the  adenomata  with 
acinous  structure,  we  find 
that  at  one  end  of  the 
series  there  are  firm  rounded 
tumours  in  which  there  is 
a  large  proportion  of  stroma 
— jibro-adenomata — whilst  at 
the  other  end  there  are 
tumours  where  epithelium 
preponderates  and  is 
actively  secreting,  so  that 
numerous  cysts  are  formed 
— the  cystic  adenomata.  The 
varieties  and  characters  of  adenomata  are  well  illustrated  in  the 
mammary  growths,  described  and  illustrated  later. 

The  growth  of  the  epithe¬ 
lium  in  adenomata  occurs  in 
two  chief  ways.  In  one, 
£  itu.  growth  takes  place  by  budding 

5  of  the  epithelium  as  in  the 

process  of  development,  and 
the  character  of  distinct  acini 
is  well  maintained  (Fig.  125). 
In  the  other,  ingrowth  of 
papilliform  projections  takes 
place  within  the  acini,  and 
adjacent  projections  may  grow 
together.  Thus,  on  section, 
there  is  seen  to  be  a  large 
number  of  spaces  with  papil¬ 
liform  ingrowths,  whilst  the 
stroma  is  usually  scanty,  and 
in  places  occurs  only  in 
lines.  In  such  a  tumour  the 
epithelial  surface  is  very  extensive,  and,  as  the  cells  often  secrete 
actively,  numerous  cysts  are  formed  and  the  enlargement  of  the 
growth  takes  place  rapidly.  Such  a  type  of  cystic  adenoma  is  well 
exemplified  in  the  case  of  the  multilocular  cystoma  of  the  ovary 
(Fig.  126).  In  other  cystic  adenomata,  the  wall  of  the  cyst  may 


Fig.  126. — Cystic  adenoma  of  ovary 
(cystadenoma  pseud omucinosum),  sbow- 
ing  papilliform  processes  covered  by  tall 
mucin-forming  epithelium.  X  65. 
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become  covered  with  pretty  large  ingrowths  like  papillomata,  and 
the  term  papilligerous  cyst  is  then  applied.  Further  details  as  to 
the  characters  of  adenomata  will  be  given  in  connection  with  the 
different  organs. 

Adenomata  are,  as  a  rule,  of  simple  character,  but  occasionally 
malignant  growth  develops  in  connection  with  them,  and  border-line 
tumours  also  are  met  with.  For  example,  the  papilligerous  cyst  of 
the  ovary  may  give  rise  to  secondary  growths  in  the  peritoneum 
and  omentum  by  a  process  of  transplantation,  or  it  may  beconK^ 
actually  infiltrative. 

Adenolymphoma.  This  is  a  rare  tyi3e  of  adonoma  which  occairs  in 
salivary  glands.  It  is  met  with  especially  in  mah'S  in  late  adiiK-  hfc^  a.nd  is 
usually  of  quite  simple  nature.  The  epidu'linm  is  of  lull  colinninir  tyjx^  wliieli 
is  arranged  as  small  glandular  acini  or  as  (‘ys^ts  with  nunaanns  small  papillomatous 
ingrowths.  The  stroma  is  lymphoid  tissue  with  nuuK'rous  gvrin  (‘(Mitav's.  ’'rhian 
is  apparently  a  co-ordinated  neoplastic  growlih  of  hot.h  tissues  and  a,  (hnadop- 
mental  abnormality  is  probably  the  basis  of.  tlie  tiiinour. 

Glioma.  Gliomata  forma  distinct  class  of  tumours,  as  they  are 

derived  from  a  tissue  of  (q)iblasbic 
origin — astroglia  or  macroglia.  They 
occur  in  the  brain  and  spinal  cord, 
and  show  great  variations  in  the 
character  of  the  tissue.  At  one  end 
of  the  series  there  are  cornparati  vely 
firm  tumours  in  which  tliere  is  a 
great  development  of  glia  fibres— 
astrocytoma  ;  whilst  at  the  other 
end  we  find  soft  masses  of  cellular 
type.  Even  when  a  glioma  is  of  firm 
consistence  and  localised,  there  is  no 
distinct  capsule  around  it,  its  sub¬ 
stance  blending  with  the  neuroglia 
around.  The  more  slowly  growing 
forms  of  glioma  show  neuroglia  cells 
of  somewhat  stellate  character  with 
numerous  glial  fibres,  the  appear¬ 
ance  corresponding  generally  with 
that  of  thickened  neuroglia,  as  is 
seen  in  chronic  inflammatory  conditions  (Fig.  127).  Such  a  tumour  is 
usually  pale  and  firm  and  not  infrequently  the  central  parts  undergo 
a  sort  of  oedema  with  softening,  so  that  jelly-like  material  or  even 
a  space  containing  fluid  may  result  (Fig.  128).  Structurally  it  corre¬ 
sponds  with  a  simple  growth,  though  it  may  cause  death  hy 
pressure. 

Modern  investigations,  notably  those  of  Bailey  arid  Cushing,  have 
shown  that  the  ‘  gliomas  ’  form  a  very  heterogeneous  group  of  tumours. 
Most  of  them  are  of  neuroglial  origin  and  can  be  classified  according 
to  the  stage  of  development  of  the  cells.  From  the  astrocytoma  above 
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Tig.  127. — G-lioma  of  brain — astro¬ 
cytoma,  showingstellate  cells  with 
delicate  fibrils.  X  200. 
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described  all  stages  of  transition  are  met  with  up  to  cellular  growths 
or  cytomata,  the  cells  often  showing  aberrant  types.  It  is  not  possible 


Fig.  128.— Glioma  of  right  lateral  lobe  of  cerebellum  with  large  space  due 
to  softening  of  the  growth.  x  |  . 

to  draw  the  line  between  simple  and  malignant  grot^dhs  of  this  class. 
This  subject,  however,  is  more  conveniently  considered  in  comieetion 
with  the  central  nervous  system. 


Fig.  129. — Ganglio-neuroma  of  adrenal,  ‘showing  nerve  cells  and  fibres 
embedded  in  well-formed  stroma.  (J.S.  D.)  x  200. 

Sometimes  a  diffuse  over-growth  of  neuroglia  may  occur  without 
forming  any  distinct  tumour,  and  even  without  destroying  the  struc¬ 
ture  of  the  part  to  any  extent.  Thus  the  pons  may  become  consider- 
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ably  enlarged  whilst  its  structural  features  unry  be  retained.  To 
this  condition  the  term  gliomatmis  is  applied,  l)ut  trausition  to 
ordinary  tnniour  growth  is  met  with.  I  lie  state  oi  glioniatosis, 
often  associated  with  sofleniug  and  cavity-fonnalion,  is  also  seen  in 
the  spinal  cord,  especially  in  the  cervical  region  ;  it  eonslltut.es  thi'  con¬ 
dition  known  as  .■ii/riiigonii/dia,  wdiich  will  be  deserilu'd  lai.er. 


Ganglio -neuroma.  A  tumour  to  which  tliis  term  can  ho  justiliably  applied 
is  of  rare  ocHnirrence,  but  numerous  (‘xa.mjili's  now  [xhmi  ivcordtxl.^  Tho 

tumour  has  been  found  in  connection  with  tho  symiHithotic  system,  in  the 
abdomen,  thorax,  and  cervical  region,  and  in  many  instmavs  il.  luis  aristai  li-om  tho 
adirenal  medulla  ;  a  few  have  also  Ikoii  ivcordcd  in  c.omuTidon  wilh  ptvnjdKwal 
nerves.  Otoasioiially  tViore  occur  in  tlu‘  (T'lohral  luunisplu'ios  singlt'  or  mnltiplo 
nodules  compost'd  oL’iunu'oglia,  in  which  a- consith'rabU'  numlu'r  <>1  nt'rvt',  cells  may 
be  prt^sent,  ilu'se  appart'nlly  forming  jiart.  of  tb('  growl  li  ;  such  tmnoni-s  also 
may  ht'  ivgardcd  as  a  va'ricly  ol*  ganglie-ru'uroma,.  A  ganglio-nt'nnuna,  in, 
coimccl ion  with  th.e  sympal la'i  ic  sysUan  may  Ibian  a,  imiss  of  considemble 
size.  11-  is  usually  af  firm  censisienct',  encapsulal t'd  lik('  a,  siinjile  lumonr  and 
of  roiindc'd  or  irregular  outliut'.  On.  mierescopic  (‘xamina  1  ion,  it  is  iound  to 
contain  wi'Il-fornuMl  ganglionic  lU'rvt'  ct'lls,  irivgularly  ai-ningt'd  iti  a,  tinely 
fibrillar  stroma.,  and  also  sinaiU'r  cc'lls  of  various  forms  with  uiich'i  ol  tho  (vlia.r- 
a.ct(‘ristic  typt'  (big.  120).  Tht'iv  are  usually  also  a  hugo  nuinlx'r  ol’  iw'rvt'  (ibres 
both.  ni('(lullato(l  a.nd  non-mc'tlullalod,  and  somt'  nalo'd  axis  cylindt'rs.^  The 
growth  is  as  a  rulosimplt',  but.  occasionally  it  is  associatt'd  wit  h  a,  c('llula.r  nniligiuuit 
growth.  This  is  tlu' lU'uroblasloma,  (p.  ^ob),  the  cells  of  whadi  rt'St'mblto'tnl iryonic. 
neumblasts.  We  have  luao  accordingly  an  inio-ivsling  ('xa.mplt'  o(  abnormality 
in  the  formation  of  the  sympatliidlc,  nervous  systt'in,  from  whitdi  a.  eorrt'sponding 
tumour  of  the  cellular  type  (cytoma)  oceasionally  originatt'S.  brobalily  what 
happens  is  that  some  neuroblasls  have  not  umlergoiu^  (h'vt'lopnu'id-  mto  gang¬ 
lionic  cells,  hut  havt^  remained  latent  for  a,  linu^  and  hav('  iludi  taken  on  actives 
growth.;  metastases  composed  only  of  ga.nglionic  (*('lls,  howi'ver,  Im.ve  been 
occ.asioiially  reportod.  Sonuhimes  more  [iriinitivi'  e('lls  (syinpatluiblasts  iiml 
sympat.hogonia,)  may  bo  jnesent,  in  t-lu^  tumour,  and  llu'si'  loinain  laloiit  lor  a. 
time  and  then  take  on  aid  ive  growtli  causing  uK'tast  as(\s.  In  laet  all  t  ypi^s  o(^ 
tumour,  from  those  compos('d  of  mat.uu'  ganglion  c('lls  t.o  tliose  comi)os<'<l  ol 
sympathogonia~~dhe  least,  (lilfeit'niiat.i'd  iy\)c  of  syinpatlietii^  nerve  <-el!^  am 
met  with.  The  degree  of  ma.lignaney  xuith's  with  t  lu'  stage  ol  difhn'ivnt  ial ioii 
of  the  tumour  cells. 
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TUMOURS  {continued) 

II.  MALIGNANT  TUMOURS— CYTOMATA 

Malignant  tumours  present  a  contrast  to  the  simple  growths  in 
the  various  points  mentioned  above.  The  tissue  composing  them  is 
essentially  cellular,  and  in  its  arrangement  and  general  characters 
does  not  correspond  to  an  adult  tissue.  They  are  not  encapsulated, 
are  badly  defined  at  the  margin,  and  their  cells  infiltrate  or  permeate 
the  surrounding  tissues,  which  appear  to  be  not  only  atrophied  by  pres¬ 
sure,  but  in  many  cases  actively  absorbed  by  the  growing  cells.  They 
frequently  form  secondary  growths,  and  this  occurs  by  the  transference 
of  the  cells  of  the  tumour  by  way  of  the  lymphatics  or  blood  vessels 
to  other  parts,  where  they  settle  and  proliferate.  Each  secondary 
growth  is,  accordingly,  a  transplantation  of  cells  from  the  original. 
Malignancy  may  arise  also  in  multiple  independent  foci,  as  is  not 
infrequently  seen  in  primary  cancer  of  the  liver,  and  also  in  cancer 
of  the  mamma.  While  the  cells  of  a  malignant  growth  are  generally 
sharply  demarcated  from  those  of  the  siirromiding  tissues,  it  may 
be  impossible  sometimes  to  say  exactW  where  the  margin  of  the 
growth  is.  This  is  especially  so  in  the  case  of  squamous  carcinoma 
where  there  may  be  a  gradual  transition  between  the  cells  of  the 
tumour  and  the  adjacent  epithelium.  Whether  this  means  that  the 
adjacent  cells  are  being  stimulated  to  malignant  prohferatioii  by  the 
tumouf. cells,  or  whether  the  change  in  them  occurs  because  they  have 
been  exposed  to  the  same  irritation,  is  a  difficult  question  to  answer, 
but  we  are  inclined  to  the  latter  view.  It  is,  however,  very  important 
in  connection  mth  the  properties  of  malignant  cells. 

The  cells  in  malignant  growths  tend  to  lose  their  distinctive  char¬ 
acters,  or  to  become  de-difierentiated.  A  carcinoma,  for  example, 
may  consist  of  irregular  masses  of  rounded  or  polyhedral  cells,  which 
fill  the  tissue  spaces,  and  have  little  or  no  resemblance  to  the  epi¬ 
thelium  from  which  they  were  derived.  To  this  loss  of  distinctive 
character  associated  with  proliferative  activity,  the  t&nm.  anajptlasia 
was  applied  by  Hansemann.  It  is  merely  an  example  of  the  general 
rule  that  the  vegetative  and  functional  activities  of  cells  are  present 
in  inverse  proportion  to  one  another,  and  that  the  loss  of  functional 
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activity  is  associated  with  loss  of  the  special  histological  characters. 
Whilst  the  energy  of  the  tumour  cells  is  mainly  expended  in  prolifera¬ 
tion  there  may,  however,  be  some  evidence  of  functional  activity  in 
malignant  growths.  The  most  striking  example  of  this  is  the  formation 
of  melanin  in  melanomata  (p.  250),  also  bile  may  be  formed  by  a  liver- 
cell  tumour,  colloid  by  a  thyroid  carcinoma,  and  the  formation  of 

a  cartilage  or  osteoid  matrix 


in  sarcomata  is  another 
e  X  a  m  p  1  e  of  the  same 
activity.  The  cells,  both  in 
sarcomata  and  carcinomata, 
often  become  of  large  size 
and  irregular  form,  and 
show  great  variations  in  the 
nuclear  structure.  Thus  a 
cell  may  contain  several 
nuclei  of  unequal  size,  or  a 
large  nucleus  of  convoluted 
or  lobulated  type ;  such  cells 
are  spoken  of  as  aberrant 
forms  (Fig.  130).  There  is 


also  aberration  in  the  types 


Fig.  130. — Section  of  squamous  ca,rciiioma, 
showing  aberrant  giant-cells  and  niunerous 
mitoses.  X  400. 


of  nuclear  division.  For 
example,  the  chromatin  may 
be  unequally  divided,  one 


nucleus  being  hyperchromatic  and  the  other  hypochromatic.  Multiple 
mitotic  figures  also  occur,  and  these  represent  a  process  of  division 
into  several  cells ;  here  too  there  may  be  unequal  division  of  the 


chromatin.  Various  degenerations,  fatty,  mucoid,  etc.,  are  comrnon 
in  malignant  growths  ;  and,  especially  in.  the  more  rapidly  growing 
forms,  extensive  necrosis  often  occurs.  Hinmorrhages  also  are  fre¬ 
quent,  especially  in  sarcomata,  where  they  are  often  associated  with 
necrosis.  Malignant  growths  which  involve  the  skin  or  mucous  mem¬ 
brane  frequently  undergo  ulceration  and  then  become  invaded  by 
organisms  ;  the  effects  of  absorption  of  bacterial  products  then  become 
apparent.  Some  facts  with  regard  to  the  metabolism  of  malignant 
growths  have  already  been  given  (p.  202). 


Varieties  of  Cytomata.  Whilst  sarcoma  and  carcinoma,  which 
originate  from  connective  tissue  cells  and  epithelial  cells  respectively , 
form  the  two  main  types  of  malignant  tumours,  there  are  others  which 
do  not  belong  to  either  class.  Formerly,  cellular  tumours  which  were 
not  clearly  of  epithelial  origin  were  usually  placed  amongst  the  sar¬ 
comata  ;  but  there  are,  of  course,  cells  which  are  neither  of  epithelial 


nor  of  coimective  tissue  origin,  and  from  these  also  tumours  may 
spring.  Certain  types  of  growth  have  not  yet  been  properly  identified, 
but  we  may  say  that  malignant  growths  may  arise  also  from  endo¬ 
thelial  cells,  from  cells  of  the  l&ucocyte  class,  and  also  from  embryonic 
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cells  of  specialised  type,  e.g.  iieurobiasts.  And  hstly,  there  is  a  type 
of  growth  which  takes  origin  from  multipofent  einhnjonic  cells,  that 
is,  cells  wliicii  are  not  yet  full}*  differentiated  and  whicii  have  the 
cajjacit}"  of  forming  more  than  one  type  of  tissue.  This  variety,  which 
is  suitably  called  hlastocytoma,  wdll  be  considered  along  with  the 
mixed  tumours. 


SARCOMATA—CONNECTIVE  TISSUE  CYTOMATA 

General  Characters.  The  term  sarcoma  is  applied  to  a  malig¬ 
nant  tumour  or  cytoma  of  connective  tissue  origin,  and  the  varieties 
correspond  with  the  different  kinds 
of  connective  tissue  —  white  - 
fibrous  tissue,  bone,  cartilage,  i 

muscle,  etc.  The  activity  of 
the  cells  is  mainly  proliferative,  f 

the  tumour  remains  of  cellular  '  ■' 

character,  and,  although  a  certain  ,  ‘ 

amount  of  matrix  is  formed,  this  is 

imperfect  and  occurs  only  at  places  . .  y  '  ■-  ■>!» '  ’  - 

— the  tumour  as  a  w^hole  never  vi 

becomes  transformed  into  adult  ^  .  j'f  .» 

tissue.  Sarcomata  often  form  large  ,  ;;  [  i  » 

masses,  usually  of  somewhat  soft  d  ^ '  y|}  * 

consistence,  and  are  frequently  the  .  \  ^ 

seat  of  hsemorrhage  and  necrosis 
(Fig.  131).  Along  with  the  growth 

of  the  cells  there  is  an  extensive  ^  - 

new  formation  of  blood  vessels,  and  \y  . 

these  are  of  primitive  type  and  *  y 

tend  to  remain  so.  Thus  between 

the  cells,  there  are  to  be  seen  Fig.  131. — Periosteal  sarcoma  of 

cpill™.  .nd  l»ge, 

channels  composed  oi  a  smgle  layer  destmetion  of  the  bone,  x  f . 
of  endothelium,  supported  by  the 

cells  of  the  tumour,  while  round  the  larger  channels  there  is  usually 
some  fibrous  tissue.  Owing  to  the  character  and  large  number  of  the 
blood  vessels,  two  results  follow — (a)  the  cells  of  the  tumour  readily  break 
through  the  w^alls  and  thus  metastases  may  follow,  and  (6)  haemorrhages 
are  frecj[uent.  The  margin  of  a  sarcoma  shows  a  diffuse  infiltration  of 
the  surrounding  tissues  with  the  cells  of  the  gro^vth,  and  the  various 
tissues  are  destroyed  and  absorbed  as  the  growth  advances.  Spread 
by  the  lymphatic  vessels  is  comparatively  rare,  except  in  the  case  of 
the  ‘  lympho-sarcomata,'  but  blood-borne  metastases  in  the  lungs  are 
the  usual  mode  of  termination. 
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Varieties  of  Sarcomata 

The  ordinary  sarcomata  or  desmocytoiiiata  take  origin  from 
fibrous  connective  tissue,  most  frequently  in  connection  with  fasciae, 
intermuscular  septa,  subcutcineous  tissue  and  periosteum  ,  hut  they 
may  occur  also  in  any  of  the  internal  organs.  The  cells  composing 
them  vary  in  form  and  size  in  different  examples,  and  there  is  a 
varying  amount  of  fine  fibrils  as  matrix  Ix'tween  them,  llu^  typo 
cell  is  "the  fibroblast,  a,  spiiulle-sha.ped  cell,  and  tlie  resulting  growths 
may  be  composed  of  large'  or  small  spmdU'  ec'lls  (big.  1.52),  but  theue 
is  little  difference  in  jirognosis.  In  some  Mu'  ci'lls  show  a.  go'i'at  <1  iversity 
in  size  and  shape  and  in  the  configuration  of  tlu'  nuclei,  those'  in  the 
large  cells  being  multiple  or  eonvolnted  in  foi'in  — umred-rr/f  sareonia. 


Fia.  132. — Spindle-cell  sarcoma.  Fig.  133.' — Osteogenic:  siireoinu,  of 

X  250,  mixed-coil  type,  Bhovving  coUb  of  dii- 

fereiit  shapes,  most-  being  of  largo  size. 

A  multiple  mitotic  llgiirc  is  seeu  in  a  cell  iu 
uiiper  part  of  field.  X  250. 

Round-cell  sarcomata  are  described  but  it  is  doubtful  if  Buch  tumours 
arise  from  the  type  cell,  the  fibroblast,  and  most  so-called  roiin(i-cell 
sarcomata  arc  derived  from  cells  of  the  k'lu'oe.ytt'  class,  oi  liom 
■undifferentiated  embryonic  cells.  The  neurobla-stoma-  (p.  JbCi),  foi 
example,  was  formerly  included  in  the  sarcoma, ia.  .B(d,vv(HMi  tiie 
spindle-cell  sarcomata  and  the  fibromata,  all  structural  va-ritd-it^s  with 
corresponding  degrees  of  malignancy  occur,  and  tlU'  teiau  JllyrOfSavi owd 
is  applied  when  there  is  a  considerable  amount  of  IbriiuHl  fibr(.)us  tissue. 
Such  a  tumour  may  recur  after  removal,  and  it  then  tiuids  to  have  a 
more  cellular  character.  Incomplete  excision  of  a  cutaneous  muiro- 
fibroma  is  often  followed  by  recurrence  of  the  growth  as  a  spindle- 
celled  sarcoma,  and  its  origin  may  be  indicated  by  some  degree  of 
palisading  of  the  nuclei  (Rig.  134).  Spindle- cell  sarcomata,  (‘specially 
the  large -cell  variety,  often  show  myxomatous  change,  anti  sometimes 
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tliis  occairs  to  siicli  a  degree  that  the  tumour  has  the  somewiiat  gela¬ 
tinous  and  senii-translucent  ap])earance  characteristic  of  iiiyxomatoiis 
tissue  ;  the  name  rnyxosarcorna  is  then  given.  Such  a  tumour  may 
undergo  central  softening,  so  that  spaces  containing  clear  mucoid  fluid 
are  formed. 

Ill  some  sarcomata  the  blood  vessels  present  special  features,  as 
regards  either  {a)  their  size,  or  (6)  their  mode  of  grovdh  and  relation 
to  the  cells  of  the  tumour.  Sometimes  there  is  a  remarkable  formation 
of  wide  vessels  in  sarcoma  and  then  the  term  angiosarcoma  or  angio- 
I  ‘rnatous  sarcoma  is  often  applied,  but  telangiectcitic  sarcoma  would  be 

preferable  (Fig.  135).  Such  tumours  are  extremely  vascular  and 
haemorrhage  is  of  common  occurrence.  Experiments  on  the  trans¬ 
plantation  of  tumours  show  that  this  feature  may  be  reproduced  in  a 


Fig.  135. — Sarcoma,  showing  numerous 
thin-walledvessels  with  cellular  tissue 
between.  X  150, 


Fig.  134. — Spindle-cell  sarcoma  arising 
in  recurrent  neui-ofibroma.  x  190- 
Xote  the  very  pronounced  regimentation  of  the 


fresh  animal ;  and  accordingly  it  must  be  regarded  as  in  some  way 
an  effect  of  the  cells  upon  the  vessels,  since  the  latter  are  supplied  by 
the  tissues  of  the  new  host.  There  are  also  rare  tumours  in  which 
the  cells  can  he  seen  to  take  origin  from  the  vascular  endothelium. 
Such  a  tumour  is  really  composed  of  endothelial  cells  derived  from  the 
blood  vessels,  and  is ^  thus  an  endothelioma— an  angio-midotMioma  ^ 
or  hmmmdothelioma  (p.  253).  A  rare  form  of  sarcoma  is  one  in  which 
some  of  the  cells  are  seen  to  be  forming  i?ii—liposarcoma ;  and  some¬ 
times  these  tumours  have  an  almost  epithelial  aspect  and  arrangement, 
so  that  diagnosis  is  difficult  unless  frozen  sections  stained  for  fat  are 
examined.  We  have  met  vdth  examples  chiefly  in  the  intermuscular 
fascise  of  the  lower  limbs,  usually  with  an  admixture  of  myxomatous 
tissue.  Lymphosarcoma  is  described  on  p.  255,  and  the  cellular 
tumours  of  the  neuroglia,  gliosarcoma,  along  with  the  nervous  system. 
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It  is  conveuieiit  to  consider  in  cletiiil,  liere  ra.tluM’  thiin.  Inter,  tlie. 
primary  tmuonrs  of  bone.  a,nd  we  shall  iiorr  give  a.  general  maarunt 
of  their  inaiii  features. 

Osteogenic  Sarcoma.  This  is  by  far  the  coiumom'st  malignant 
tumour  of  hone  ;  it  is  nmt  with  especially  during  tlu-  p('riod  of  growth^ 
and  in  early  adult  life,  and  after  the-  age  of 


Fia.  136.  —  Osteogenic 
sarcoma  of  liiimerus. 
Macerated  specimen  to 
show  the  characteristic 
spiculation  on  the  sur¬ 
face  of  the  bone. 


tliirty  it  is  (•(>iiij)ariitively  mro  c‘X(H‘|)t.  in 
association  with  Pa.ycdi’s  (lisca.st‘  ol  l)()n(‘.  It 
arises  most  freciiiently  in  th(‘  nud.apliysis  of 
a  long  bone,  hcang  s|)(‘cia.lly  rc'hitcnl  to  cnalo- 
clionciral  ossification,  but  it  :ina,y  arlso  occni-, 
though  rarely,  in  bones  ossified  in  nunnbrantx 
The  lower  limb  is  inucli  moi-(‘  rr(‘(jn(Mii,ly 
affected  than  the  upper,  tlu‘  lowcn'  (Mid  ot 
the  femur  a.nd  upper  end  of  th(‘  tibia,  IxMiig 
the  most  common  situations.  In  tlu^  iippcn* 
limb  the  upper  end  of  the  humerus  is  the 
chief  site,  but  the  radius  a,nd  ulna  a-re  only 
very  rarely  affeetcMl  a, ml  tlu‘-  small  bom^s  of 
the  hands  and  only  v(M*y  ('xec'ptionally. 

Bone  sarcomata,  va,ry  grcxitly  in  (*.ba,ra,C" 
ter,  sometimes  being  Fnan  or  cvmmi  liarcl  a,n(l 
sclerotic.  They  arc^  a-ttcMubul  by  mucli  [lain, 
often  of  dull  and  boring  (‘ba,ra,ct(M‘  a.nd  worse 
at  night  ;  this  is  so  constant  a,s  to  (^institute 
a  valuable  diagnostic  symptom.  They 
usually  start  lU'ar  tlu^  surfa,e-e  of  ih(‘.  bone 
and  raise  the  periosteum  1‘rom  tlic^.  bony 
cortex  which  tlu^y  cn-odc'  iri‘(‘giila,rly  ;  per¬ 
foration  of  the  p(Miost(Mim  a,nd  invasion  of 
the  muscles  soon  follow.  Such  growths  are 
often  called  sdrconui,  but  it  is  not 

possible  to  define  their  origin  exactly;  in 
most  cases  they  grow  round  tb(^<  bone  and 
also  penetrate  into  the  medullary  cavity,  in 
which  they  may  spread  widely.  Sometimes 
the  neoplasm  ensheatlies  the  bone  in  a,  hard 
mass — the  so-called  sclerosing  type — ^l}ut  this 
variety  more  often  appears  to  begin  centrally 
in  the  endosteum  where  it  may  replace  the 
marrow  cavity  with  dense  bony  tissue  and 


cause  some  degree  of  expansion  of  the  shaft ;  there  is,  howxyver,  little 


difference  in  the  course  of  the  disease. 


In  the  growths  which  raise  the  periosteum  markedly,  the  formation 
of  bony  spicules,  radially  arranged  at  right  angles  to  the  long  axis 
of  the  bone,  is  a  common  feature  (Big.  136)  and  gives  rise  to  character¬ 
istic  ap]3earances  on  X-ray  examination.  Resorption  of  the  normal 
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bone  is  also  seen  and  spontaneous  fracture  may  occur.  Marked 
swelling  of  tiie  bone  does  not  always  occur  ;  we  liaye  seen  cboiidro- 
sarcoina  invading  and  rejDlacing  tbe  bone  witb  scarcely  any  swelling 
as  tbe  result,  but  tbis  is  rare.  Occasionally  the  formation  of 
blood  vessels  is  excessive  and  pulsation  may  be  present — so-caUed 
telangiectatic  type. 

The  histological  characters  vary  greatly  and  a  considerable  variety 
of  connective  tissue  matrices  may  be  imperfectly  developed  ui  the 
same  growth.  The  general  picture  is  of  an  irregularly  spindle- celled 
growdli  producing  some  collagenous  matrix  and  myxomatous  tissue 
Avitli  areas  of  cartilage,  osteoid  tissue  and  true  bone,  mostly  rather 
imperfectly  formed.  In  some  a  rather  myxomatous  aberrant  cartilage 


Fig.  137. — Osteogenic  sarcoma  of  tibia. 

Tliere  is  mucli  irregularly  formed  osteoid  matrix  wMcli  is  stained  tiack  in  (5)  preparation  by 
Heidenbain’s  iron  hfematoxylin,. 


predominates — chondrosarcoma — ^in  others  osteoid  tissue  or  bone — 
osteosarcoma — ^but  very  often  the  elements  are  closely  mixed.  Marked 
pleomorphism  of  the  cells  is  a  feature  of  these  growths  and  large 
aberrant  giant  cells  are  common.  Osteoclasts  are  often  seen  in  relation 
to  areas  of  bone  or  osteoid  matrix,  and  if  numerous  may  cause  great 
difficulty  in  diagnosis  on  histological  grounds.  No  very  useful  purpose 
is  served  by  detailed  histological  subdivision  of  the  group,  as  there 
are  no  noteworthy  differences  in  prognosis  corresponding  to  such 
differences  in  structure,  and  it  is  therefore  best  to  refer  to  the  group 
as  a  whole  by  the  general  term  osteogenic  sarcoma.  Sometimes  the 
cells  are  large  and  closely  resemble  active  osteoblasts  producing  osteoid 
matrix  (Eig.  137) ;  the  cells  may  be  highly  aberrant  so  that  the  term 
mixed-cell  sarcoma  is  justified  (Eig.  133) ;  in  our  experience  true  osteo¬ 
genic  sarcoma  is  never  a  round- celled  gi-o%vth. 

Osteogenic  sarcoma  is  a  very  highly  malignant  growdh  and  forms 
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niefcastases  by  venous  spread  usually  first  to  the  huiys  a,i  a, n  early 
d'lte  o-iviim  ris('  to  iKrinoptysis.  The  prognosis  is  bad  a,iid  only 
"  ^  a  feAV  cas(‘s  survive'  as  long 

as  five  years,  even  eai'ly 
a,Tii]  iiitat  i  on  bc'  ing  laii’e  1  y 
snccessful. 

Occasicinally  t  u  in  oni's 
forming  bone  or  eaiifalaige 
arise  ontvvitli  tlie  slveleton 
a.].)})arently  liy  a  process  of 
metaiphisia  ol  tlieii*  con- 
stitnent  cc'l Is,  foi*  ex:<iinn)le 
we  lia.vc>  setvn  growths  w^ith. 
tlie  hist()logicrd  cha,ra,(*,ter  of 
osteogen i  c  sai  r coma,  in  the 
breast,  a,nd  a  preeloiiiiii- 
antly  (ilioii(li*()sarc()Tricitc)iis 
growtii  in  tlie  u  t  o  r  u  s  . 
Knssell  found  bone  and 
cartilage  in  sarcomata  ])ro- 
diiced  in  rats  by  subcuta- 
neous  injection  of  tar.  and  it  is  noteworthy  that  one,  of  the  Kous 
sarcomata  is  an  osteochondro-sarconia. 


Fig.  13S. — Chondrosarcoma,  showing  _  im¬ 
perfectly  formed  cartilage  with  transition 
to  cellular  tissue.  X  100. 


Extra-Periosteal  Fibrosarcoma.  This  is  a  somewhat  rare  tumour  which  grows 
from  the  outer  layers  of  the  periosteum  and  may  stimulate  an.  ostoogeuic  sar¬ 
coma.  It  is  composed  of  spindle  cells  with  a  varying  amount  of  fibrous  matnx 
and  remains  localised  for  a  considerable  time;  it  causes  little  or  no  resorption 
of  bone.  The  prognosis  is  relatively  favourable,  though  ultimately  miiltration 
of  surrounding  parts  and  metastases  may  occur. 


Ewing’s  Sarcoma.  This  is  now  a  well  recognised  growth  and 
is  not  uncommon,  constituting,  according  to  AinerKutn  statistics, 
about  ten  per  cent,  of  all  primary  malignant  tumours  of  bomx  ^  It 
usually  arises  in  the  interior  of  the  diaphysis  of  a  long  boiKg  tiu^  tibia 
being  the  commonest  site  ;  occasionally  it  occurs  in  a  shoi’t  bomg 
especially  the  calcaneum.  The  period  of  incidence  is  the  same  as 
that  of  osteogenic  sarcoma.  The  tumour  is  composed  of  soft  cellular 
tissue,  often  of  necrotic  appearance.  It  leads  to  resorption  of  the 
surroiindmg  bone  and  extends  outwards  along  the  Haversian  canals ; 
there  then  occurs  reactive  formation  of  bone  by  the  periosteum,  th(3 
new  bone  being  laid  down  in  layers  and  leading  to  thickening  of 
the  shaft.  A  characteristic  appearance  is  thus  produced.  The 
starting  of  the  growth  is  often  attended  by  deep-seated  pain  and  a 
certam  amount  of  pyi’exia  and  leucocytosis. 

Microscopic  examination  shows  that  the  growth  is  composed  of 
rounded  or  polyhedral  cells  with  rather  ill- defined  protoplasm ; 
stroma  is  very  scanty  and  fine.  The  cells  are  arranged  in  irregular 
masses  or  sometimes  in  a  perithelial  manner  round  blood  vessels. 
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Considerable  variations  in  the  histological  features  are  met  with. 
The  site  of  origin  of  the  growth  and  the  fact  that  the  cells  do  not 


Tig.  139. — Osteoclastoma  of  ulna. 

Note  tlie  layer  of  new-formed  periosteal  bone  on  tlie  smface  of  tiie 
giant-celled  tumour,  x  30. 


form  bone  indicate  strongly  that  it  arises  from  the  marrow,  probably 


fromreticulo-endothelial  cells,  and 
is  thus  not  a  true  tumour  of 
bone. 

Metastases  form  in  the  lungs 
and  other  organs,  though  often 
somewhat  late.  An  important 
fact  is  that  they  occur  also  in 
other  bones,  a  rare  site  for  the 
secondary  growths  of  osteogenic 
sarcoma.  Some  of  the  appar¬ 
ently  secondary  growths  may  be 
of  independent  origin.  A  feature 
of  the  tumour  is  its  susceptibility 
to  radiation  (Ewing)  hut  recur¬ 
rence  usually  follows  and  a  fatal 
result  is  the  rule. 

Osteoclastoma,  formerly 
known  as  mi/eloid  sarcoma.  This 
tumour  occurs  chiefly  in  con¬ 
nection  vdth  bones,  especiall}"  the 
extremities  of  the  long  bones 
where  it  commonly  extends  into 
the  epiphyseal  end  and  ultimately 
may  involve  the  joint.  It  arises 
almost  exclusively  in  hones  which 


Tig.  140.— Section  of  osteoclastoma 
of  upper  end  of  tibia  with  much 
hsemorrhage  into  its  substance. 
X  h 

ossify  from  cartilage  and  if  found 
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taking  origin  in  a  purely  membrane  bone  the  diagnosis  should  be  revised 
and  the  possibility  of  osteitis  fibrosa  should  be  considered. 

Osteoclastoma  arises  in  the  interior  of  the  bone  and  olden  causes 
marked  absorption  of  llu^  bony  cortex;  as  it  ex])an(ls,  tlie  overlying 
periosteum  forms  new  la.\aM’s  of  delicate  bone  on  tlu'  snrbiee  (Fig.  1:19) 
•wliich  inay  give  a  eradding  sensation  wIkmi  imndlral.  In  contrast  to 
osteogenic  sarcoma  new  bone  formation  is  in  giMunul  paralld  with  the 
surface  of  the  l)o:ne.  The  tuinour  is  usually  v(u*y  vascuhir  a,n(l  Irannor- 
rhagic  (Fig.  140)  and  has  thus  a  brownish  colour  ;  the  e.(Mitr*al  pa.rts  of 
the  growth  may  be  softencal  andtlKui'  phicc^  talcrm  by  a  Irinwiiish  fluid, 
this  constituting  one  variety  of  bone  cyst  (Fig.  557).  ()steoda,sta)ma,, 
in  contrast  to  osteogenic  sarcoma,  is  not  uncomuion  a,t  the  Iowan*  cwd 


Fig.  141. — Myeloid  epulis,  showing 
multi-nucleated  giant-cells  embedded 
in  spindle-cell  tissue.  X  200. 


Fig.  142. — Khjibdo-inyosarcoma,  show¬ 
ing  spindlo  cells,  some  of  whidisliow 
distinct  st rial i oil.  (J.S.  D.)  X  400, 


of  the  tadius  aiid  ulna  and  here  it  usually  T'emains  whitish  and  fir-c 

fi*oni  gross  hseniorrhage.  ; 

On  microscopic  examination,  the  tumour  is  composed  (Essentially 
of  two  types  of  cells,  viz.  large  multi-mieleated  cells  like,  osteoe.lasts, 
and  small  cells  usually  of  a  spindle  shape  (Eig.  Ul).  Such  (umoui's 
grow  somewhat  slowly  and  very  rarely  lead  to  metaisi-Jisi^s,  <ni(l  I-  u  y 
are  regarded  by  some  as  really  non-malignant  or  only  locally  maligna, nt. 
Nevertheless,  secondary  growths  are  occasionally  produc(‘(l  l)y  osl.eo- 
elastomata  of  the  long  bones.  Some  writers  considt-r  that  tlu^  giant- 
cells  do  not  really  form  part  of  the  tumour,  but  arc^  ost(Eodasts  w.hich 
have  been  stimulated  to  activity  and  are  conccuauHl  in  the  absor  ption 
of  tbe  bone.  Giant-cells  have,  however,  been  observed  in.  s(a‘<)n(lary 
growths.  A  giant-cell  type  of  epulis  is  not  uncommon  in  ('oniuadfon 
with  the  tooth  sockets  of  the  primary  dentition,  espcEcially  of  tlu'. 
lower  jaw  ;  it  very  rarely  recurs  after  removal  and  may  regai*d(xl 
as  almost  a  simple  growth.  The  term  ^myeloma’  was  i()rin(u*ly 
applied  by  some  writers  to  myeloid  sarcoma/  the  term  tlien  in.  us(i 
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for  osteoclastoma  ;  '  mj^eloma  ’  lias,  however,  been  used  for  many  3'ears 
to  signify  a  round-cell  tumour  growing  from  the  cells  of  the  bone- 
marrow,  and  should  be  applied  onl}^  with  this  significance. 

The  so-called  ‘  myeloma  of  tendon  sheaths  '  is  quite  a  different 
condition,  and  is  really  a  sinovial  tumour  (g.r*). 

Myosarcoma.  Occasionally  a  malignant  growth  develops  in 
connection  with  a  leiomyoma,  and  its  cells  may  be  traced  to  take 
origin  from  the  muscle  cells.  Such  a  growth  is  accordingly  called  a 
myosarcoma  or  leiomyosarcoma.  As  has  been  stated  above,  a 
rhabdom^nma  very  often  has  malignant  properties,  and  then  the 
term  rhabdo-myosarcoma  may  be  applied  (Fig.  142). 

CARCINOMATA— EPITHELIAL  C  Y  TOM  AT  A 

Under  the  term  carcinoma  we  include  all  the  malignant  growths 
taking  origin  from  and  composed  of  epithelial  cells,  whilst  special 
terms  are  applied  to  varieties,  such  as  scpiamous  epithelioma,  rodent 
ulcer,  chorion-epithelioma,  etc. 

General  Characters.  The  two  essential  features  are  the  con¬ 
tinued  proliferation  of  the  epithelial  cells  and  the  inyasion  of  the  tissue 
spaces  by  them,  the  latter  phenomenon,  of  course,  implying  that  the 
cells  have  broken  through  their  normal  bounds,  basement  membranes, 
etc.,  and  have  come  to  produce  an  injection  of  the  tissue  spaces.  The 
preliminary  multiplication,  before  the  break-through  takes  place,  is 
not  often  seen,  but  in  ‘  intraduct  carcinoma  ’  of  the  breast,  cells  pre¬ 
senting  all  the  appearances 
of  cancer  cells  may  be  seen 
still  contained  within  the 
ducts.  In  such  a  case  the 
change  characteristic  of 
malignant  neoplasia  has  no 
doubt  begun  and,  it  may  be 
added,  the  malignant  pro¬ 
liferation  within  the  ducts 
may  go  on  for  some  time 
before  the  actual  invasion 
of  the  tissues  outside  takes 
place. 

As  the  cells  pervade  the 
tissue  spaces  and  increase 
in  number,  they  come  to 
form  strands  or  masses  with 
irregular  outline  (Figs.  143, 

144).  At  the  same  time 
their  presence  exerts  an  irritative  effect  on  the  intervening  connec¬ 
tive  tissue ;  proliferation  takes  place  and  thus  the  stroma  of  the 
growth  results.  This  is  essentially  a  secondary  matter,  and  the 


Fig.  143. — Scirrhous  carcinoma  of  breast, 
showing  cancer  cells  in  tissue  spaces 
with  dense  stroma  between.  X  100. 
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stroma  should  not  be  regarded  as  really  a  part  of  the  tumour.  For 
example,  when  a  cancer  with  very  dense  stroma  gives  rise  to  a 
secondary  focus,  say  in  a  lymph  node,  there  is  no  stroma  when 
the  cells  first  arrive  in  the  node  and  any  stroma  afterwards  formed 
may  be  scanty.  vSo  also,  when  carcinoma  is  inoculated  from  one 
animal  to  another  of  the  same  species,  it  is  only  the  epitliehal  cell.s 
which  survive  and  grow,  the  stroma  in  the  new  growth  being  sup¬ 
plied  in  a  reactive  manner  by  the  tissues  of  the  inoculated  (normal) 
animal.  The  proportion  of  cells  to  stroma  varies  very  much,  and 
to  this  fact  the  varieties  in  the  naked-eye  characters  are  chielly 
due.  Thus  the  consistence  of  the  growth  depends  upon  the  rate  of 
multiplication  of  the  cells  on  the  one  hand,  and  upon  the  amount 
of  irritative  reaction  of  the  connective  tissue  on  the  other. 


In  addition  to  stroma  formation,  lymphocytic  accumulation  around  cancer 
cells  is  often  a  well-marked  feature,  and  a  number  of  facts  point  to  its  being 
an  important  defensive  reaction  ;  it  is  certainly  related  to  roslrictod  K>'owth. 
Most  of  the  facts,  however,  with  regard  to  the  iihenomeria  have  boon  o.stalihshod 
by  experimental  work.  Murpliy  found  that  a  general  lympbocylosi.s  is  related 
to  immunity  and  also  that  a  local  lymphocytosis  has  an  iiiliibitory  iw'iion  on 
carcinoma  when  it  is  transplanted  at  the  site  of  the  lymplioeytosis.  Ho  loinid, 

fiirtli(3r,  tluiir  in  sunli  c.usns  de- 

•  f' ‘  striictioii  o,f  l,lKWyn\i)lio<iyi()S 

X-rays  was  followod  Ijy  a,  disap- 
pearanco  of  tlie  resistaiico.  It 
lias  also  been  sliown  tliat  tlio 
production  of  a  lyinphocyto- 
ponia  by  dainago  to  tlio  lym¬ 
phoid  tissues  by  means  of 
radiation  or  benzol  lowers  the 
resistance  to  t  r  a  n  s  p  1  a  n  t  e  d 
growths.  A  lowering  of  tlio 
resistance  has  also  been  pro¬ 
duced  by  blockade  of  the  reti- 
culo -endothelial  s  y  s  t  e  in  b  y 
means  of  dyes  (Ludford),  appar¬ 
ently  by  interfering  witli  tlie 
supply  of  monocytes  and  lym¬ 
phocytes.  In  view  of  all  the 
facts  one  must  considox'  tliat 
the  lymphocytic  reaction  repre¬ 
sents  an  important  means  of 
defence,  thoxigh  there  is  no 
evidence  of  direct  action  of 
lymphocytes  on  cancer  cells. 
On  the  other  hand,  it  is  difficult  to  reconcile  this  view  with  the  fact  that 
cancer  flourishes  so  well  in  ly.niph  nodes.  It  must  also  be  borne  in  mind  tliat 
lymphocytic  infiltration  is  common  in  non-cancer ous  states  around  epithelium 
in  an  abnormal  condition  or  undergoing  atrophy  ;  this  is  well  seen  in  the  case 
of  the  thyroid  gland. 

The  term  scirrhous  or  hard  is  applied  when  the  growth  is  dense 
and  there  is  little  or  no  increase  in  hulk,  and  the  term  encephaloid 
is  applied  to  a  soft,  bulky  cancer,  often  resembling  a  sarcoma  in 
appearance.  In  both  varieties,  owing  to  the  infiltration,  the 


Fig.  144. — Encephaloid  earciiioma  of  breast, 
showing  two  large  alveolar  spaces  filled 
with  cancer  cells  of  aberrant  type,  with 
little  stroma  between.  X  100. 
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Fig.  145.- 


-Secondai’j'’  cancerous  inva¬ 
sion  of  lung. 

The  masses  of  cancer  cells  are  seen  distending 
the  lymphatic  spaces,  x  45. 


margin  of  the  growth  is  ill- defined,  and,  on  microscopic  examination, 
collections  of  cancer  cells  can  be  seen  scattered  in  the  tissues  be^mnd. 
The  thickening  and  shrinking  of  the  stroma  may  sometimes  lead  to  an 
actual  diminution  in  the  size  of  the  part,  as  is  common  in  cancer  of 
the  breast  :  and  to  such  contraction  in  slowly  growing  cancers  many 
of  the  obstructive  results  of 
cancer  growth  are  due.  The  terms 
mentioned,  however,  are  merely 
to  be  used  in  a  descriptive  sense 
and  not  as  indicating  distinct 
varieties.  It  is  to  be  noted  that  a 
scirrhous  carcinoma  may  give  rise 
to  secondary  growths  in  which 
stroma  is  relatively  scanty,  and 
which  are  comparatively  of  large 
size.  This  action  of  cancer 
cells,  in  leading  to  proliferation 
of  the  connective  tissue,  varies 
also  according  to  the  mature  of 
the  epithelium  from  which 
the  growth  has  originated.  In 
growths  from  sq^uamous  epithe¬ 
lium,  for  example,  there  is  usu- 

ally  a  loose  stroma  in  the  meshes  of  which  are  a  large  number  of 
lymphocytes;  whereas  a  growth  from  glandular  epithelium,  not¬ 
ably  that  of  the  mamma,  often  gives  rise  to  a  dense  indurated 

stroma.  It  may  he  added, 

..  however,  that  in  the  hard 

cancers  the  infiltrative  pro¬ 
perty  is  as  pronounced  a 
feature  as  in  the  soft 
rapidly  growing  varieties ; 
in  fact,  widespread  meta- 
stases  are  often  present 
when  the  primary  growth 
is  small  and  indurated. 

/  Spread  by  the  Lymphatics » 
This  is  one  of  the  most 
characteristic  features  of 
carcinoma  and  is  of  prime 
importancefrom  the  surgical 
point  of  view.  Cancer  cells 
may  enter  the  lymphatic 
vessels  and  he  carried  to 
the  nodes  at  an  early 
period,  and  they  may  also 
become  arrested  in  their  course  and  form  small  foci  of  growth  which 

1  * 


.  I, 


...  . 


Fig.  146. — Cancerous  invasion  of  muscle. 

The  muscle  fibres  are  invaded  by  cancer  cells  which 
form  elongated  masses  replacing  the  sarcous  substance. 
X  60. 
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obstruct  the  lymphatics.  In  this  way  nodules  are  formed  along  the 
lines  of  the  lymphatics,  or  the  latter  may  be  practically  injected  with 
proliferating  cancer  cells  (Figs.  145,  147).  A  very  important  point 
is  that  lymphatic  extension  may  take  place  in  a  direction  contrary  to 

iiorinal  lyinpli  flow,  and 
'I  ■  ,1  '  '  this  oce;iirs  especially  as  a 

I  '  I  j  sequel  to  the  lymphatic 

\  obstruction.  This  is  well 

1  ^  exemplified  in  cancer  of 

^  mamma,  where  the 

m  ■'  m  '  ’  “  lymphatic  spread  may  be 

I  J  \  extensive  in  practically  any 

^hM  ■  '  direction.  So  also  in  cancer 

;  .  '  "  of  the  stomach,  both  the 

supra-cla vie ular  glands  and 
M  "v’  ^  inguinal  glands  may  be 

M  the  seat  of  secondary  exten- 

a"'"  V  M:arny  of  the  second- 

W  1,\.  4^  ary  foci  in  the  region  of  a 

/  carcinonur  are  of  quite mic; 

t  scopi(‘ size,  a,nd.  tissiu's  luay 

be  iin('ha,nged  in  appea, ranee 
Fig.  14 7. -—-Cancerous  invasion  of  lymphatic  thxyugh  extensiv(^l  V  in.V()l veil, 

vessels  and  glands  over  lower  end  of  aorta.  it  ig  q  n  i  t  e 

The  lyrnpluitics  are  seen  as  distinct  cords,  x  n.  inqyossibie  to  a.SSCSS  the 

degree  of  secondary  invasion  by  naked-eye  examiualiiou  a.lone.  .the 
presence  of  these  minute  collections  of  cancer  cells  (‘xtihiius  tlie^  so- 
called  recurrence  of  cancer  after  surgical  removal.  lleeurrenec‘,,  in  fact, 
is  not  usually  to  be  regarded  as  a  fresh  start  or  reer-ud.es(icnen  of  the 
disease,  but  simply  the  result  of  growth  from  cells  wliicb  have  been 
left  behind  in  the  surrounding  tissues.  Further,  such  cells  may  remain 
in  a  comparatively  dormant  state  for  a  considerable  period  of  time, 
so  that  several  years  may  elapse  before  a  recognisable  growth  re¬ 
appears.  Recrudescence  of  growth  may,  however,  occur  in  an,  area 
where  the  epithelium  has  been  extensively  altered  prior  to  the  appear¬ 
ance  of  a  primary  tumour  ;  this  is  seen  most  often  on  squamous 
epithelial  surfaces. 

Curcinoma  spreads  also  by  the  blood  stream  and  sometimes  very 
widespread  dissemination  occurs  by  this  route,  e.g.  in  Idg.  149  arrest 
and  subsequent  growth  of  cancer  cells  in  a  glomerulus  is  shown.  In 
cases  of  carcinoma  of  the  stomach  and  bowel,  numerous  secondary 
nodules  may  be  produced  in  the  liver  in  this  way  (tig.  148),  as  well 
as  by  lymphatic  extension,  and  similarly  in  the  lungs  when  the^  cells 
have  gained  access  to  the  systemic  venous  circulation.  Not  infre¬ 
quently,  numerous  secondary  growths  are  present  throughout  the 
osseous  system  even  without  visible  grovdhs  in  the  lungs,  and  such 
extensive  metastases  in  the  bones  are  met  with  especially  wheir  tlie 
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priiiiary  growtli  occurs  in  certain  s 
thyroid  (Fig.  151).  It  was  sliown 


Fig.  148. — Secondary  cancerous  inva¬ 
sion  of  liver. 

Note  masses  of  cancer  cells  in  the  sinusoids  be¬ 
tween  the  liver  cells,  without  any  formation 
of  stroma.  (Dr.  G.  McOallum.)  x  about  200. 

siderable  proportion  of  cases,  wh 
growths  ill  the  lungs,  the  presence 


tes,  notably  maiiima,  prostate  or 
first  by  Schmidt  that  in  a  con- 


Fig.  149.— Section  of  kidney,  showing 
embolus  of  cancer  cells  in  glomerulus, 
also  downgi’owtli  in  related  tubiile. 
X  150. 

ne  there  are  no  visible  secondary 
of  emboli  of  cancer  cells  in  iiiinute 


Fig  150— Section  of  lung  from  a  case  of  prostatic  cancer,  showing  two 
pulmonary  arterioles  containing  cancer  cells. 

A  third  arteriole  (to  .  the  right)  a’’a  Ch*artoi’s“f 

contJlined  cancer  cells.  (Dr.  A.  A.  Gbartens.j  x  ou. 


branches  of  the  pulmonary  arteries  can  be  demonstrated  on  micro¬ 
scopic  examination.  The  cancer  cells  often  lead  to  a  reaction  on  the 
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part  of  tlie  vessel  wall  resiilting  in  their  encapsulation  a,ud  subsequent 
atrophy  and  disappearance.  On  the  other  hand,  tl.ey  inay  g,-ow  on¬ 
wards  into  the  capillaries  and  venules  and  thus  lead  to  dissemination 
in  the  systemic  circulation.  I  can  confirm  this  observation,  and 
Tio-  150 “shows  a,  section  of  lung  with  emboli  o(  cancer  cidls  Irom  a, 
case  of  prostatic  cancer  where  no  growth  couhl  b(>  seen  in  t.lu‘  lungs 
on  naked-eve  examination.  Occasiomdl.v  cancer  cells  may  sl  ip  thrinigh 
the  pulmonary  capillaries,  but  there  appea.rs  to  be  little  doubt  tha 
Schmidt’s  explanation  holds  in  the  ma,jorit\'  ol  ea.ses.  1 1  nia,y  be  i loted 
+U..T1-.  Pe  found  such  emboli  in  the  lungs  m 


many  cases  of  cancer  originating  in  various 
— stomach,  r('ctuni,  ova, lies,  etc.,  wdtiiout 
there  being  evidence  of  further  metastases  by 
the  blood  "stream,  these  being  prevented  by 
the  process  referred  to. 

But  while  we  can  understand  the  mode  of 
transference  to  the  lungs  and  beyond  the 
distribution  of  the  snhsequent  riietasta,.ses 
cannot  be  satisfactorily  (“Xiila.ined  in  this  way 


Fig.  151. — Multiple  can¬ 
cerous  nodules  in  liu- 
merns  in  a  case  of 


as  it  does  not  corres.poiid  closc'ly  (mIiIkm*  with 
the  richness  in.  blood  su[)|)ly  o(  tlie  va,ri(>us 
organs  or  with  the  frecjiieiiey  with  which  sites 
near  the  primary  grow’th  ar’e  a,fleetc'd  lirsii.  It 
cannot  be  doubted  that  emboli  must  be  arrested 
often  in  the  capilhiries  of  the  skin,  miiseles, 
various  organs,  etc.,  a,nd  it  sckmus  impossible  to 
escape  the  conclusion  that  i.h(\v  uiuhu’go  de- 
striiction.  lu  fact,  the  observafions  ou  the 
lungs  referred  to  show  that  tills  aetually  occurs. 

With  regard  to  the  question  why  some 
tissues  are  frequently  the  site  of  blood-borne 
cancer  and  others  are  exempt,  we  can  say 


cancer  of  the  breast,  nothing  definite.  We  can  speak  of  varying 
^  degrees  of  resistance  of  different  tissues,  for 

such  evidently  exist ;  but  we  know  little  of  the  nature  of  tlu^  resistiaiuee 
beyond  the  fact  that  actively  contractile  muscular  orgaius  are  seldom, 
affected.  In  cases  of  hone  metastases,  the  tinnour  (hIIs  app(‘a,r  to 
settle  first  in  the  hone-marrow  and  this  tissue  seems  to  a.lford  a.  spf^chdly 
favourable  nidus  for  their  growth,  in  contrast  to  the  splenic  tissue, ^ 
which  is  relatively  immune,  although,  in  view  of  its  tiinction  of 
separating  abnormal  elements  from  the  blood  stream ,  one  would 
expect  the  arrest  of  cells  to  be  frequent  in  the  spleen.  I  have  long 
had  the  idea  that  tumour  cells  may  be  destroyed  in  the  spleen,  and  I 
have  found  cancer  cells  in  the  splenic  pulp  in  several  cases  when  there 
was  no  change  visible  to  the  naked  eye.  The  cells,  which  were  chiefly 
situated  around  the  Malpighian  bodies,  appeared  to  be  in  an  inactive 
and  partly  degenerated  condition  and  had  been  unable  to  lead  to  the 
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formation  of  distinct  nodules.  A  similar  low  inddence  in  the  occur- 
i-ence  of  metastases  in  the  spleen  has  been  ob.served  in  tumours  ex¬ 
perimentally  produced  or  transmitted  in  the  lor\-er  animals.  These 
findino'S  are  of  interest  in  connection  vvitli  what  has  been  definitely 
established  in  the  lungs. 

In  addition  to  venous  spread  to  the  lungs  and  subsequent  dis 
semination  by  the  systemic  circulation,  it  is  probable  that  retrograde 
venous  spread  may  be  the  means  by  which  certain  cancers  habitually 
gain  access  to  the  bone  marrow.  The  observed  facts  do  not  suggest 
that  the  common  skeletal  metastases  are  al way’s  due  to  random 
colonisation  of  the  bone  marrow  by  cells  reaching  it  through  the 
arterial  blood  stream.  For  example,  prostatic  cancer  most  commonly 
appears  in  the  innominate  bones  and  lower  lumbar  spine,  mammary 
cancer  in  the  thoracic  spine,  lympho-epithelioma  of  the  naso-pharynx 
iir  the  cervical  spine,  and  other  examples  are  well  recognised. 

It  seems  to  us  probable  that  these  selective  localisations  are 
explicable  on  an  anatomical  basis.  Batson’s  work  on  the  vertebral 
venous  system  demonstrates  a  pathway  of  which  the  distribution 
corresponds  with  what  is  observed  in  the  study  of  such  metastases. 
He  has  shown  that  radio-opaque  material  injected  through  the  dorsal 
vein  of  the  penis  finds  its  way  into  the  pelvic  bones  and  vertebral 
column,  sometimes  as  high  as  the  cervical  region  and  even  mto  the 
skull ;  similarly  injection  of  mammary  veins  fills  the  thoracic  vertebra, 
etc.  Batson  produced  evidence  that  in  the  absence  of  valves  the  blood 
flow  in  these  veins  is  easily  reversed  by  changes  in  the  mtra- abdominal 
and  intra-thoracic  pressure,  e.g.  by  coughing,  and  suggests  that 
tumour  emboli  are  thus  carried  into  the  vertebral  vems  and  are 
deposited  in  the  sites  which  become  the  seat  of  secondary  growth. 
This  mav  explain  the  not  infrequent  finding  of  extensive  metastases 
in  the  vertebral  column  and  extradmal  tissues  in  eases  of  prostatic 
cancer  without  demonstrable  pulmonary  metastases  ;  w^  have  seeii 
cases  of  prostatic  cancer  in  which  the  skull  was  widely  myolved  wnthout 
evidence  of  secondaries  in  the  lungs  or  cervical  lymph  nodes.  , 

Transcoehmic  Spread.  When  a  carcinoma  involves  by_  direct  ex¬ 
tension  or  by  lymphatic  spread  one  of  the  serous  cavities,  cancer 
cells  mav  be  liberated  into  the  cavity  and  may  graft  themselves 
upon  the  surface  elsewhere  so  that  new  foci  of  growth  are  established. 
In  the  peritoneum  this  commonly  occurs  in  primary  carcinoma  of  the 
stomach,  or,  less  often,  of  the  colon  ;  and  in  the  pleura  and  pericardium 
in  carcinoma  of  the  bronchi  and  lungs,  but  also  frequently  in  mammary 
cancer.  In  many  cases  it  is  accompanied  by  a  serous  or  haemorrhagic 
effusion  in  the  sac.  A  special  example  of  transecelomic  spread  is  seen 
in  the  susceptibflity  of  the  ovaries  to  metastatic  grow’th  secondary 
to  gastric  carcinoma,  especially  of  the  signet-ring- ceUed  mucoid  type, 
and  the  enlarged  ovaries  may  then  have  the  special  characters  described 
by  Krukenberg  and  at  first  thought  to  represent  a  variety  of  primaiy 
ovarian  neoplasm. 
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Intra-epithelial  Spread.  When  a  carcinoma  has  originated  in  a  glandular 
tissue  the  cancer  cells  may  sometimes  be  seen  growing  within  relatively  normal 
epithelium,  from  the  cells  of  which  they  are  readily  distinguished.  This  is  well 
.seen  in  carcinoma  wilhin  tlie  lactiferoris  .sinuses  and  ducts  of  the  mammary 
o-land  before  it  has  hi-okcii  througli  into  tlu^  siirrouiuling  tissue.  Bui.  I  ho  most 
striking  exainpli-s  of  iMtra.-eiiitlielia.l  growth  are  seen  in  ttu'  ('piderims  a.ud  they 
are  met  with  in  the  (ollowino-  Ihreo  eonditions.  (n)  A  pn.inary  carcinoma.  oL  iho 
epidermis  ma,y  be  ivstrichHl  in.  its  crowtli  to  (>j)i(U‘rmis  and.  .may  sprc.ui 

widely  without  i)a,ssiiLy  divyly.  Such  a  ^rowtlu  ho\\c\'cv,  is  oftcMi.  of  .multic.imi.nc, 
orio-iii  as  iii  Bowinis  clis('a,s(L  Infiltrative  orowth  of  tlu^  subjaduMit.  tissut‘H  may 
appear  later  and  may  be  tatlua-  of  sipiamous  epit.tu'lioina,  or  fiasahcclL  care  mo.!  na, 
(f)  Carcinoma  wittiin.  ducts,  uota,l)ly  of  the  brea,sh  .may  u.i.cli  t.lie  epidermis  a.ud 
its  cells  then  wander  in  it,  producing  a  \'a,rit^ty  of  appcviranees  (s(h^  l.>a,get  s 
disease  of  the  nipple),  (c)  There  may  di.vct,  spread  of  ca,rcino,na,  rom  the 
underlying  tissues  to  the  epidermis,  and  the  c(‘lls  may  lh<Mi.  spiva,d  in.  l.lu‘  Ia,ff.('r, 
as  in  the  previous  case.  In  all  these  examples  the  growth  of  the  rurcnioum, 
seems  to  be  of  restricted  nature  in  the  epidmmis,  a,nd  occurs  ('spi'cia.lly  m,  f.lu^ 
deeper  parts. 


Varieties  of  Carcinoma 

Theoretically,  there  are  as  many  types  of  carcinoma  as  there  are 
of  epitlielinm  in  the  body.  x41thongii  carcinomata  most  frequently 
take  origin  from  the  covering  epithediiiin  of  skin  a. ml  mu(‘Ous  mem¬ 
branes,  they  may  arise  also  from  highly  specialised  (q)ithc‘liiim,  e.g. 
of  the  liver,'" adrenals,  etc.  The  term  ^  cancer  ’  or  ^  (.‘a.rc.iiu)ma  ’  without 
qualification  accordingly  means  any  malignant  growth  of  epitlu^liaf 
origin.  Certain  terms  are,  however,  commonly  used  to  iiidH*.a,tc 
varieties  with  special  features  and  these  may  now  bc!  consideied. 

Glandular  Carcinoma.  Under  this  heading  it  is  convenient 
to  include,  not  only  the  growths  which  take  origin  from  the  acini  of 
glands,  but  also  those  which  are  derived  from  columnar  or  cubical 
epithelium  covering  mucous  surfaces  or  lining  ducts.  The  two  kinds 
of  epithelium  have,  of  course,  differciiit  f luictfoiis,  l)ut»  the  giowths 
originating  from  both  have  much  the  same  c.hai-av.tcrs. 

After  the  cells  of  a  carcinoma  have  invaded  the  connective  tissue 
spaces,  their  arrangement  varies  in  different  cases.  The  most  atypical 
arrangement  is  seen  when  the  cells  are  rounded  or  polyhedral  in 
form,  and  adhere  together  to  form  masses  or  congloinerates  of  various 
sizes.  This  is  called  spheroidal- cell  carcmorria,  the  ceils  sliowing  no 
attempt  to  reproduce  a  gland-like  arrangement  (Fig.  152).  In  other 
cases,  however,  fhe  cells  are  more  cubical  or  columnar,  and  tend  to 
form  a  more  or  less  complete  lining  to  the  alvc^oli  in.  which  they 
lie,  and  thus  to  reproduce,  though  imperfectly,  glandular  structure. 
The  lining  of  the  alveoli  may  he  fairly  regular  at  places,  hut  nsualiy 
there  is  evidence  of  the  excessive  proliferation,  and.  the  epithelial 
layer  may  be  irregularly  folded  or  the  cells  heaped  up  in  masses 
(Fig.  153).  Tumours  of  this  type  are  usually  called  aderwcMfcino- 
rmta,  hut  the  term  has  merely  a  histological  significance,  indicating 
that  the  cells  tend  to  arrange  themselves  in  a  layer  as  in  a  tubular 
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gland,  and  in  the  same  growth  all  transitions  to  an  irregular  arraiige- 
"meiit  of  cells  may  be  seen.  x4deno carcinomata  correspond  in  their 


Fig.  152. _ Spheroidal- cell  carcinoma  of  mamma  infiltrating  tissue  spaces. 

Note  anaplastic  character  of  cells-,  x  300. 


naked- eve  appearances  and  general  characters  vitli  other  carcino¬ 
mata.  Somtimes  there  may  be  irregular  papilliform  processes  formed 


Fig  153.— Adenocarcinoma  of  bowel  invading  the  muscular  coat. 

.^ote  the  arrangei^ent  of  the  cells,  aeinas-like  but  with  evldehce  of  excessive 

proliferation  at  places,  x  JUu. 


ill  places  by 
irregularly ; 


the  cancer  cells,  whilst  elsewhere  the  cells  may  he  arranged 
this  is  seen,  for  example,  in  some  lung  and  thyroid 


240 


'J\KX4.’-BOOK  OF  .FAl"HOLOG\' 


carcinomata.  In  the  case  of  carcinoma,  growing  from  l  iver  cells  «■(«  l.a,ve 
another  example  of  an  attempt  to  reproduce  the  ongnuil  structiuv 
(Fiff  154)  dire  cells  are  arranged  in  columns  or  trabecuhe,  a.inl  tlie, 
eenCTal  structure  may  mimic  liver  tissue,  though  the  cells  are  a,lter-e<l 
hi  tyiie  Gland-like,  papilliform  and  trabecular  lorms  of  growl, h  a,r(^ 
thus  seen  in  these  carcinomata.  The  terms  mcephaknd 

are  metniy  descriptive  and,  as  alread\-  e.xplaincd,  ma,y  lie  a,ppbed, 
where  appropriate,  to  any  form  of  glaiidula.r  cancer. 

The  energy  of  the  cancer  cells  is  essentially  directed  to  prol  iferatmu, 

Knf  \xrViATi  fliiR  Igss  £icti  Vt'. 


Tig.  154. — Porbioa  of  carcinoma  arising 
from  liver  cells,  showing  trabecular 
arrangement.  X  100. 


evidences  of  attemxit  to  perform 
their  special  functional  activities 
are  also  seen.  For  example,  in 
cancers  of  the  liver  and  thyroid 
there  may  be  formation  of  bile 
and  colloid  material  respectively. 
Cancers  on  the  whole  have  rela¬ 
tively  little  vascularity,  hence 
the  ordinary  yellowish-white  ap¬ 
pearance,  but  not  infrequently 
there  is  a  considerable  amount 
of  formation  of  new  vessels  at 
the  periphery.  In  some  varie¬ 
ties,  the  cancer  cells  induce  an 
extensive  development  of  new 
vessels,  seen  both  in  the  primary 
and  secondary  growths,  and 


wide  vascular  channels  may  be  formed,  the  variety  known  as  lele- 
angiectatic  cancer  then  resulting. 


Colloid  carcinoma  or,  more  properly,  mucoid  carcinoma, 
has  certain  characteristic  naked-eye  and  microscopic  features.  It  is 
essentially  an  alveolar  carcinoma,  in  which  the  cells  form  much 
mnein,  and  then  undergo  mucoid  change  and  become  fused  with  the 
mucoid  material  (Fig.  155).  Thus  many  alveoli  may  be  occupied 
merely  by  mucoid  material,  no  cells  surviving.  SncIi- tiiinoiirs  are 
commonest  in  situations  where  niucin-forming  cells  a.bound,  notably 
in  the  large  intestine,  biliary  passages,  stomach,  etc.,  and  we  have 
little  doubt  that  they  originate  from  such  cells.  The  tissue  of  the 
tumour  has  a  characteristic  semi- translucent  appearance,  and  in  places 
it  may  be  softened  and  glue-l&e.  One  striking  feature  is  the  large 
masses  of  tissue  which  are  produced  in  some  instances,  and  this 
applies  to  the  primary  and  secondary  growths.  We  have  seen  the 
wall  of  the  stomach  two  or  three  inches  in  thickness  owing  to  a  mucoid 
cancer,  whilst  the  lumen  was  very  much  reduced.  Secondary  growths 
are  not  uncommon  in  the  omentum  and  in  the  peritoneum,  and  may 
sometimes  form  colossal  masses.  Nevertheless,  we  believe  that 
secondary  growths  do  not  usually  occur  at  so  early  a  stage  in 
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mucoid  cancers  as  in  the  ordinary  forms,  and  this  may  be  because 
the  mucoid  material  blocks  the  lymphatics  and  prevents  the  spread 
of  the  cells.  In  some  cancers 
the  stroma  rapidly  undergoes 
myxomatous  or  gelatinous 
change,  as  the  Rumour  spreads ; 
the  term  carcinoma  myxo- 
matodes  is  then  applied  (Fig. 

156).^^^ 

Epidermoid  or  Squamous 
Carcinoma.  The  term  is 
applied  to  malignant  growths 
derived  from  the  stratified 
squamous  epithelium  of  the 
skin  or  of  a  mucous  membrane. 

Occasionally  they  take  origin 
from  an  epithelium  which  has 
undergone  metaplasia  into  the 
squamous  type,  e.g.  in  gall¬ 
bladder,  renal  pelvis,  etc. ;  they 
may  also  arise  from  cellular 
inclusions  of  congenital  origin 


Fig. 


155. — Colloid  or  mucoid  cancer. 


The  alveoli  contain  mucoid  material  and 
degenerating  cancer  cells,  x  65. 


e  S'  from  hranchial  clefts,  derinoid 

inCiUSlons  ui  uunncitiuoi  KJLx^xxx,  c.g.  xxu  _  _ 

cysts,  etc.  Squamous  carcinoma  is  commonly  called  squamous  epi- 

^  thelioma  or  epithelioma  for 

short-,  hilt  the  former  term 
is  preferable. 

Their  origin  is  often 
related  to  chronic  irrita¬ 
tion,  and  .the  first  change 
r  ;  which  occurs  is  a  thicken- 

I  ^  ing  of  the  epithelial  layers 

and  dovm-growth  of  the 
interpapillary  processes. 
Such  changes  are,  how¬ 
ever,  common  at  the  margin 
of  any  chronic  ulcer,  aud 
it  is  often  difficult  to  say 
whether  or  not  a  malignant 
growth  has  started.  After 
a  time,  however,  the  epi¬ 
thelium  penetrates  deeply  as 
branching  processes  which 
invade  the  tissue  spaces  and 
destroy  intervening  structures,  such  as  muscle  (Kg.  157).  For  a 
time  the  cells  form  a  continuous  mass  and  the  shape  of  the  gro-wth 
maybe  compared  to  an  inverted  cauliflower.  Later,  however,  the 
cells  become  detached  and  wander  in  the  tissue  spaces  and  into  e 


Fig.  156. — Carcinoma  myxomatodes,  show¬ 
ing  irregular  masses  o£  cancer  cells  separ¬ 
ated  by  abundant  myxomatous  stroma. 
X  80. 
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lymphatics;  they  are  thus  carried  to  lymphatic  glands,  where  they 

produce  secondary  growths. 
Metastases  may  occur  in 
internal  organs,  but  are 
rarer  tluin  in  tlie  case  of 
glandidar  carcinoma.  If  the 
relation  of  the  original  epi¬ 
thelium  be  studied,  it  will  be 
seen  that  the  deepest  layer 
of  cells  passes  on  to  tlie  outer 
aspect  of  the  cell  masses  of 
the  tumour.  The  central 
parts  of  these  masses  thus 
correspond  with  the  more 
superficial  layers  of  the 
epithelium ;  accordingly,  the 
cells  towards  the  centre 
become  somewhat  flattened 
and  concentrically  arranged, 
and  ultimately  undergo  a 
sort  of  hyaline  or  horny 
change.  Such  concentric 


Fig,  157. — ^Squamous  epithelioma,  showing 
masses  of  epithelial  cells  extending  down¬ 
wards  from  surface  epithelium  and  invad¬ 
ing  the  tissues,  also  formation  of  cell-nests- 
X  30. 


structures,  which  are  of  common  occurrence  in  epitheliomata,  are 
usually  known  as  cell-nests  or  epithelial  pearls  (Fig.  158).  The  num¬ 
ber  and  character  of  the  cell-nests  depend  in  part  upon  the  nature 
of  the  original  epithelium.  Thus  an  epithelioma  of  the  skin  usually 
contains  many  cell-nests  and  these  generally  show  a  keratinised 
centre.  In  an  epithelioma  of  the  tongue  they  are  fairly  prominent, 
as  a  rule,  hut  the  centres  show  rather  a  hyaline  change,  and,  again, 
in  certain  situations,  e.g.  in  the  larynx  and  cervix  uteri,  the  forma¬ 
tion  of  cell-nests  may  be  almost  absent.  This  is,  however,  not  the 
whole  explanation,  as  considerable  variety  of  structure  is  met  with 
in  the  same  situation  and  in  association  with  varying  degrees  of 
malignancy.  Sometimes  the  cells  are  in  thin  strands  forming  prac¬ 
tically  an  injection  of  the  tissue  spaces  ;  occasionally  they  are  spindle- 
shaped,  and  it  may  be  difficult  to  distinguish  them  from  sarcoma 
cells.  The  method  of  ‘  grading  ’  tumours  in  different  groups  accord¬ 
ing  to  malignancy,  introduced  in  recent  years,  has  been  applied 
especially  to  epitheliomata  ;  it  depends  mainly  on  the  general  principle 
itliat  the  more  the  growth  is  dedifferentiated  or  anaplastic,  the 
more  malignant  it  is  and  also  the  more  sensitive  to  radiation. 

The  reaction  around  the  infiltrating  epithelial  cells  is  somewhat 
different  from  that  seen  in  glandular  cancers.  The  connective  tissue 
fibres  do  not  undergo,  as  a  rule,  the  same  degree  of  thickening,  whilst 
there  occurs  a  very  marked  infiltration  of  lymphocytes,  so  that  the 
stroma  often  has  a  cellular  appearance.  Evidences  of  phagocytic 
reaction  are  not  uncommon.  Occasionally,  the  cell-nests  may  become 
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invaded  by  polymorpho -nuclear  leucocytes,  and  the  central  parts 
may  be  occupied  by  large  masses  of  these  cells.  Then,  again,  multi- 


Fig.  157a. — Squamous  carcinoma  of  vulva,  showing  lymphatic  permeation  of 
the  skin  at  the  margin  of  the  grow^th.  x  15. 


Fig.  158. _ Higher -power  view  of  squamous  epithelioma,  showing  characteristic 

ceU-nests.  X  185. 

nucleated  phagocytes — ^foreign-body  giant-cells— may  be  present  at 
the  periphery.  There  is  little  evidence,  however,  that  such  phago¬ 
cytic  reaction  leads  to  any  effective  destruction  of  the  tumour. 
An  epithelioma  appears  first  as  an  indurated  thickening  of  the 
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skin  epitlieliiiiii  or  niiicoiis  membrane.  Its  growth  is  usually  slow  and 
its  margins  are  badly  defined.  Ulceration  genei'ally  occurs  at-  im 
early  stage,  and  tlien  tlie  lesion  a,pj)ears  as  a  ])rogrt‘ssive  ulcer  witli 
irregular  and  induiaitcd  door  and  margins.  Continuous  gi'owth  a-nd 
iilcemtion.  go  on,  until  ultiraa-tely  there  may  be  extensive  destiaiction 
of  tissue.  Haemorrhage  from  erosion  of  vess(^ls  is  of  common  occnr- 
rence  and  occasionally  a  fatal  result  is  prodmaHl  by  thc^  implication 
of  a  large  artery.  In  cases  of  epitheliomata.  a-!)oiit  the  inoutli,  death 
is  commonly  caused  by  passage  of  discharge ^  (Vom  the  uleei’ating  area 
int(')  the  trachea  and  bronchi,  witli  septic  piummonia  as  a  result. 


fic'tiy  otiuiaplasl'ic  ('pil  lu'lioiiui,  willi  distinct'  ('li 
IxM'ii  called,  lyiu It.  occin-s  i 


(U's  'lias  tx^on  rocc 


nid  lia.s  Ixx'ii  called,  ly))) plio-r/utficl /oiiki.  It.  occin-s  in  (.la*  n<is()-])li.a,i-ynx,  a.ia’sing 

IVoin  tlu^  tivod  i  fi<M  1  (^|)i  11  vel  i  uni 

vca-lyitig  the  lyrn|)la)id  tissue  of 
l't.c  to.n.sils,  ('t.(X  ;  a.  (Ve(|U(‘n.r  sit.(.‘ 
is  a.l')()'ut.  tilie  Eii,st.a.cli.ia,n.  cushion. 
^  so  tluvt  o  hs t.riK*. t'. io n.  of  tlie 

Eu.sta.c.ln.a.n.  laibe  .may  be  a;n.  early 
» ? A  sign,  tdie  growth,  on,  tlu^  surface 
i«  <,n,c,„  s.,na,ll,  .H.lv  a,  litt.lo 
t  l.i-'ko.ii.iK.  I'lit  I-.mh-.iM,  (his.  wi<l,.- 

Mn>£  .-xtcMisiv,,  Kn-W(.li  in  (.lu.  ..<,rvi,-a.| 

S|k  i)i-ima,rv  luinour  is  diseoNX'rc'd  ; 

htva,si.;n  <,r  llu‘  lm.s<.  oC  (.Uc  sk„U 

t  r(‘la.t.ivc‘Iy  common,  wit.h 

^  I  *  r*  eraiiial  lunaa' .patsic's.  dda'  tuinoni’ 

5^'  ,  composc'd  of  roinuh'd  oi*  poly- 

’*  lu'dral (‘('llsof  sonu’iVN'ha.t.  indifbMX'td. 

»."  T  ^  (*ha.ra,et(a‘,  though,  a,!,  placets  t.li(\v 

^^rG.  159. — Lymplio-epithelioma,  showing  (dtxa.rly  ix'eognised  a.s 

tiimoiir  cells  in  trabecular  arrangement,  ('pitludiail,  'Tlu^  growt.h.  ol  tln'sc- 

with  rich  lymphocytic  accumulation  be-  (xdls  is  assoeial.cxl  with,  uairlnxl 

tween.  X  190.  Jyjtnplioc.ytie.  a.ce.imuila.l.ioii  (big. 

159).  Such  (nmom's  a.!*(^  not  un¬ 
common,  and  sometimes  they  giveris('do  met.astastss  in.  inl.<'nial  orga.ns,  (‘spixaa.lly 
in  the  cervical  s|.)me.  In  the  metastasc's  th(‘  associatcxl  prc'scmcc'  of  a.  la.rg<‘  uumlxM- 
of  lymphocytes  is  again  noteworthy.  This  t.yi)eof  (^j)itlu‘lioma,  is  nad.  wit.h,  in  (.la^ 
earlier  years  of  life  as  well  as  later,  and  an  important-  [('ait'ure  is  tha,t  it.  is  ma,rk(ally 
sensitive  to  radiation. 


Fro.  159. — Lymplio-epithelioma,  showdng 
tumour  cells  in  trahecular  ai’i’angement, 
with  rich  lymphocytic  accumulation  be¬ 
tween.  X  190. 


Rodent  Ulcer  or  Basal  Cell  Epithelioma.  The  former  term  is 
convenient  j  as  it  represents  a  distinct  clinical  type  of  growth,  although 
the  histological  structure  varies  in  different  cases.  Its  common  site  is 
the  face,  and  it  often  occurs  at  the  junction  of 'skin  and  .mucous  meui- 
brane,  at  the  margin  of  the  eye  or  ear,  ala  nasi,  or  the  lip.  It  appears 
first  as  a  grey  or  silvery  translucent  nodular  thickening,  which  later 
undergoes  ulceration  and  extends  very  slowly  laterally  with  little  teud- 
ency  to  involve  the  deep  structures  until  a  late  stage.  The  surface  may 
become  dry  and  scabbed  over,  and  there  may  be  appearances,  from 
time  to  time,  suggestive  of  healing.  ^Nevertheless,  the  growth  is 
progressive, -and  ultimately  may  produce  extensive  destruction  of  the 
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superficial  tissues  and  even  direct  invasion  of  the  underlying  bones. 
The  tumour  usually  remains  strictly  local ;  secondary  grovdhs  in 
lymph  nodes  have  been  described,  but  we  have  never  met  with  them. 
The  microscopic  structure  varies  ;  the  growth  is  usually  composed  of 


Fio.  160. — Rodent  idcer,,  showing  the  fiat  shallow  ulcer  and  tl^icktaied  edges. 
2sote  tlie  extension  laterally  without  det'p  penetration.  >:  6-5. 


small  rounded  or  polyhedral  cells  arranged  in  irregular  strands  like  a 
scirrhous  cancer  (Fig.  160).  In  some,  the  cell  masses  are  drawn  out 
into  thill  hands  in  the  thickened  stroma,  and  present  a  reticulated 
appearance,  or  the  cells  may  be  spindle-shaped.  No  cell-iiests  are 
present  in  rodent  ulcer  as  a  rule,  but  intermediate  forms  between  a 


Fig.  161. — Rodent  ulcer,  showing  early  nodule  not  yet  ulcerated. 
The  growth  appears  to  take  origin  from  a  pilo-seljaeeous  follicle,  x  11. 


rodent  and  squamous  carcinoma  are  met  -with.  Rodent  ulcer  is 
believed  to  take  origin  from  the  lowest  layer  of  the  surface  epithelium, 
and  it  is  often  spoken  of  as  an  epithelioma  iasicelluktre.  The  appear¬ 
ance  of  the  cells  of  the  growth  often  suggests  such  an  origin,  and 
it  is  not  uncommon  to  find  direct  continuity  between  the  growth 
and  the  rete  Malpighii.  Frequently  multiple  foci  of  origin  can 
be  seen.  Rodent  ulcer  is  much  commoner  in  Australia  than  in  this 
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country.  It  lias  been  iiiYostigated  in  Sydney  b^^  M-'olosvvortli,  'w-'lie 
considers  that  it  is  due  to  ionisation  by  the  ultra-violet  coinpoiuiit.  of 
siinliglit,  and  finds  that  it  is  commonest  in  those  with  fair  or  red  Imir 
and  witli  a  tendency  to  freckling. 

In  otlu'r  insta.nces,  the  cells  of  a  rodent  have  an  irr(\gula.i-  adeno- 
matoiis  a,rra,ngcnient  with  a  palisade  of  columnar  cells  at  tlu'  pc^riphery, 
the  appeara,nce  suggesting  an  origin  from  hair  follieh's.  The  cells 
may  occur  in  large  areas  with  blunt  processes  at  the  nnirgin  (Fig.  1(>2), 
and  here  and  there  in  the  cell  masses  there  may  be  a,  suggc'stion  of  an 
acinus  with  a  lumen.  The  arrangement  is,  howevca-,  ()ni(m  la^ally  a 
pseudo-acinous  one  produced  by  mucoid  degeneration  o(‘  iJu‘  stixnnar 
which  pen(da-a,tes  dec'ply  bet  ween  the  c(dl  nuisses.  Other  features  nuiy 

b(‘  pr(‘scuit,  and  a  consider- 
able  va.riety  of  rodent;S  have 
been  descrilied .  Occaisionall y 
tliey  are  greyisli  or  lirownisli 
due  to  mehuiin  |)igmenta- 
tion  (see  p.  252).  It  would 
appeaii*  a,s  if  t  u  m  o  u  r  s , 
originating  from  the  deep 
hiyer  of  the  skin  epitheliiim, 
or  from  hair  follicles,  might 
present  the  general  charac¬ 
ters  of  a  rodent  as  a.bove 
'described,  but  we  believe 
that  tumours  of  swea.t  glaiiids 
(spiradenomata)  present  ciis- 
tinctive  features  and  should 
not  be  included  in  the 
general  category  of  rodent 
ulcers. 

Chorion -Epithelioma.  This  type  of  growth  is  derived  from  the 
cells  of  the  foetus,  which  come  to  invade  the  maternal  tissues.  It 
usually  occurs  in  connection  with  a  hydatidiform  moh'  but/  also 
after  an  abortion,  occasionally  even  after  normal  ])rc‘gnan(\y.  It 
may  sometimes  be  clearly  seen  to  take  origin  from  the  (Iioi-ionic 
epithelium  covering  the  villi.  As  in  the  original  tro[)hobla,st,  two 
distinct  types  of  cells  are  present,  namely,  syncytia  or  plasmodial 
masses,  and  the  cells  of  Langhans’  layer.  The  former  are  of  large 
size  and  very  irregular  outline,  often  possessing  long  processes  which 
extend  amongst  the  other  cells  (Fig.  163).  They  have  many  nuclei 
and  their  protoplasm  is  finely  granular  and  somewhat  eosinophil. 
The  Langhans  cells  are  rounded  and  possess  a  single  spherical  nucleus  ; 
their  outline  is  usually  ill-defined.  The  growth,  which  leads  to  the 
formation  of  little  or  no  stroma,  is  highly  malignant,  invading  the 
tissues  locally  and  producing  nietastases  in  the  lungs,  liver,  and. 
other  organs.  The  cells  of  the  trophoblast  have  an  important  function 


Fig.  162. — Another  type  of  rodent  nicer, 
showing  broad  masses  of  cells  with  sugges¬ 
tion  of  acinous  arrangement. 

The  surface  epithelium  is  seen  above,  x  60. 
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ill  penetrating  the  walls  of  the  maternal  blood  vessels  and  thus 
allowing  the  entrace  of  the  villi,  and  this  activity  is  reproduced  in 
the  chorion-epithelioma.  The  cells  of  the  growth  have  a  marked 
tendency  to  infiltrate  and  soften  the  walls  of  the  blood  vessels,  and 
hence  haemorrhage  is  of  frequent  occurrence.  As  a  result,  both  primary 
and  secondary  growths  usually  present  a  markedly  hsemorrhagic 
appearance.  Tendency  to  degeneration  and  necrosis  is  often  an 
obvious  feature,  and  when  these  changes  are  marked  the  histological 
characters  of  a  chorion- epithelioma  may  be  distinct  only  at  the  margin 
where  it  is  actively  growing.  Ghorion-epithelioma  may  origmate  also 
from  a  teratoma,  in  the  male  sex  as  well  as  in  the  female.  In  both 
sexes  the  presence  of  chorion-epitheHoma  is  associated  vith  a  positive 
urinary  Ascheim-Zondek 
test. 

An  interesting  fact, 
established  by  Teacher,  is 
that  sometimes  secondary 
nodules  in  the  lungs  undergo 
a  process  of  involution  and 
healing.  The  extensive 
haemorrhage  into  a  nodule 
may  be  followed  by  necrosis 
of  its  substance,  and  there¬ 
after  the  nodule  may  be¬ 
come  encapsulated  by  con¬ 
nective  tissue  and  undergo 
a  certain  amount  of  shrink¬ 
ing.  Such  an  occurrence  is 
of  interest  as  showing  that 
the  growth  of  a  malignant 
nodule  may  come  to  an 
end;  but  the  course  of  the  disease  as  a  whole  is  not  affected. 

MELANIN-FORMING  TUMOURS 

The  type  cell  is  here  the  melanoblast,  a  cell  which  has  the  property 
of  forming  melanin  (p.  155),  and  the  twm  common  sites  of  origin  aie 
the  skin  and  the  eye  ;  rarely  melanoma  may  arise  in  the  adrenals  or 
brain.  Both  simple  and  malignant  forms  occur,  the  former,  known 
as  pigmented  moles,  are  of  very  frequent  occurrence  and  are  important 
as  the  source  of  origin  of  some  of  the  malignant  cutaneous  growdhs  , 
the  latter  may,  however,  arise  in  skin  devoid  of  pigmented  moles. 

The  melanin-forming  tumours  are  conveniently  classified  into 
three  groups  :  (a)  Simple  pigmented  moles,  [b]  Malignant  melano- 
mata.  (c)  Melanin- containing  epidermal  tumours. 

Bimph  Outanmus  MeMnorm---Figmmted  Moles.  These  gro^vths 
are  often  congenital  and  hence  are  also  known  as  nsevi.  The  teim 


Fig.  163. — Choripii-epithelioma,  showing  the 
large  multi-nucleated  syncytia  and  Lang- 
hans  cells.  (Prof.  J.  H.  Teacher.)  X  250. 
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iia'X'iis  luea.ns  a,  liayk  oi-  bii’th-inark  and  It  is  tliorcd<)rc  dasiraidc  to 
(Hiality  it  l)y  a,  iVirtlier  (l(‘scri|)tive  teian,  ('.g.  pujvienfrd  ruevus,  and 
thus  to  distinguisli  hetwvvw  moles  and  other  eiitanc'ous  bleniishes,  e.g. 
capilkirij  luevi  (j ).  12).  I dgnuaited  mol(\s  may  be  solitary  or  iiuinerous, 
and  vaij  in  (extent  from  Ihit  brown  pignunted  spots  to  I'ough  warty 
])at.elu‘S,'  ol‘t(‘n  bcxiring  liair  ;  the  hittea*  type  may  occui)y  a  large 
siipeu'hcial  area  of  the  skin,  especially  on  buttocks  a,nd  thighs-— the 
so-ealled  bathing-trunks  type— and  may  e.ans(‘  much  distress  from 
irritation  with  consequent  ul(*,eration  and  bleaaling.  In  some  situa¬ 
tions,  notably  over  the  sa.(irura,,  the  (epidermis  overlying  the  navviis 
may  be  quite  normal  while  t!u‘-  pigmented  growdh  is  deu'ply  situated 
and  has  a  bluish  colour  when  seen  thi'ough  the  intcu’vening  tissues  ; 
these  '  blue  mnvi  ’  only  very  rarely  undei*go  nialignant  (diange. 


Fig.  164.— Simple  pigmented  mole  of  warty  type^. 

The  dermal  iiapilUc  are  tilled  witli  navuR  cells,  whicli  extend 
widely  in  the  underlying  corium.  x  12. 


The  ordinary  pigmented  nsevus  consists  of  masses  of  small  rounded 
or  polygonal  cells  of  ill-defined  character  arranged  in  clusters  in  the 
dermal  papillte  and  often  extending  for  some  distance  into  the  iiiuku'- 
lying  corium.  These  are  known  as  ‘  n£Evus  cells.’  iSomo  iu-e  Inu'  [l•om, 
pigment,  others,  especially  at  the  margins,  contain brown  granules  ; 
around  these  are  the  extended  melanophores  of  tiie  (‘utis  ;  tlicsi^  air; 
histiocytes  which  have  taken  up  melanin  in  the  form  of  coar^i’.  granules. 
The  masses  of  iiiBVUS  cells  in  the  dermal  papillae  may  lead  to  thinning 
of  the  overlying  epidermis,  but  in  the  rough  warty  forms  tliere  is  often 
much  hyperplastic  change,  and  superficially  the  nsevus  resembles  a 
keratinised  papilloma.  The  epidermal  cells  may  coirtain  excess  of 
melanin  pigment  and  often  there  are  groups  of  pigmented  cells  with 
clear  protoplasm  (melanoblasts)  at  intervals  throughout  the  deeper 
layers  of  the  epidermis.  In  children  these  are  commonly  abundant  and 
they  may  appear  to  take  part  in  the  formation  of  the  nsevus  cel  1  (il  usters 
bj'  a  jirocess  of  budding  into  the  dermis,  as  emphasised  by  .Daiwson. 
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The  nsevus  cells  in  the  ordinary  congenital  mole  may  be  regarded 
as  rests  in  Cohnheim’s  sense,  but  their  nature  is  still  unsettled. 
According  to  the  work  of  Soldaii  and  Masson,  they  arise  from  the 
cells  of  the  Meissner’s  cor¬ 
puscles  in  the  dermal  papillae  ; 
at  the  distal  end  of  the 
Meissnerian  corpuscles  the  cells 
form  massds  and  from  these 
similar  masses  become  separ¬ 
ated  off  to  form  the  nsevus- 
cell  clusters.  Both  the  cor¬ 
puscles  and  the  naevi  are 
abundantly  supplied  by  non- 
medullated  nerve  fibres  and  in 
some  naevi  the  cells  and  fibres 
are  arranged  in  organoid  fashion 
closely  recalling  the  structure 
of  the  Meissnerian  corpuscles. 

Masson  regards  melanoinata 
as  derived  from  all  the  cells 
which  are  the  active  or 
potential  melanoblasts  of  the 

skin,  and  considers  that  they  are  all  of  neuro- ectodermal  oiigiii. 
This  view  is  not  universally  accepted.  There  is,  however,  evidence 

that  the  epidermal  melanoblasts  (dendritic  cells)  are  often^  actively 
associated  with  nsevus  cells  both  in  the  formation  of  simple  pigmented 


Fig.  165. — Section  through  pigmented 
mole,  showing  collections  of  so-called 
‘  iiffivus  cells  ’  underneath  the  epi¬ 
thelium.  X  75. 


Fig.  166. — ^IMaKgnant  melanoma  of  skin  of  buttock. 

The  growth  has  arisen  at  the  site  of  a  pigmented  mole  and  sho.vs  a  nodule  of  paler  noii-pigmented 

malignant  cells. 

Note  the  presence  of  ‘Junctional  change’  in  the  epidermis  at  each  side  of  the  mole.  X  3-5. 

moles  in  early  life  and  later  in  the  genesis  of  malignant  melanomata 
as  Dawson  pointed  out  in  his  studies  of  the  genetic  process  in  the 
epithelium  ’ ;  -  it  is  therefore  probable  that  the  epidermal  melanoblasts 
can  give  rise  to  malignant  melanomata  independently.  Multiple  pig¬ 
mented  areas  are  often  found  in  the  skin  in  association  with  neuro- 
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fibromatosis  (von  Itecklingli  an  sen’s  diseaise) ;  they  are  (Ine  cliieHy  to 
excessive  pigmentation  of  the  epidermis*  and  nmviis  cells  are  as  a  rule 
absent  from  the  subjacent  eoriiun. 

Malignant  Melanmnata.  TIicsc  nia}'^  arise  in  connection  with  a 
pre-existent  pigmented  mole,  there  being  often  a  history  of  nIccM-ation 
and  bleeding  with  rapid  increase  of  size  (Fig.  ](>(>).  Others  a,[)pc‘a.r 
to  originate  in  previously  iinbleinished  skin.  Itc'ccaitly  Alla.ii  luis 
reiterated.  Dawson’s  view  of  the  significance  ol'  lha  pi*oli(eration  and 
transforination  of  the  epidermal  cells  in  the  g(uiesis  of  nialigna,ni, 
melanoma.  He  designated  these  changes  as  tlu'.  '  jimcifomil  na3vus  ’ 


Fig.  167.- — ^Malignant  melanoma  arising  from  a  ‘jiinctional  navcus.' 

There  is  extensive  development  of  malignant  nielanol)]a,sts  witluii  tlie  (rpidcnnnis  iu  the  abstmee 
of  an  intraderinal  iiffivus.  I^ympiiatic  invasion  occurred,  x  170. 

and  states  that  the  altered  cells  later  invade  the  coriiim.  In  childhood 
this  process  appears  to  be  benign  and  leads  only  to  the  Forimd.ion  of 
nsevus-cell  clusters,  but  after  puberty  the  continued  a,ssoc,iatfon  of  a,n 
active  junctional  nseviis  with  an  intraderinal  mole  is  apt  to  bc^  follov'ed 
by  signs  of  malignancy.  Indeed  Allan  goes  so  far  as  to  sfa,t('  that  a 
fiigmented  mole  without  junctional  change  practically  mwau*  becomes 
malignant.  The  pigmented  anal  skin  and  the  skin  of  the  foot  are 
common  sites  and  a  specially  dangerous  variety  is  that  arising  after 
injury  or  infection  of  the  nail-bed— the  so-called  nu^lanotic  window— 
the  true  nature  of  which  may  escape  detection,  for  sonu>  time. 

Malignant  melanomata  are  pigmented  in.  varying  (h\gr(h’:  a,nd  some 
are  so xlevoid  of  pigment  that  they  are  difficult  to  recognise,  especially 
when  in  one  of  the  less  common  sites  such,  as  nasal  or  buccal  mucosa. 
The  granules  are  always  fine  and  in  the  same  growth  some  cells  are 
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very  heavily  pigmented  while  others  are  almost  free  ;  similar  features 
are  observed  in.  the  secondary  deposits.  As  in  n^vi,  pigment  is 
liberated  from  the  tumour  cells  and  taken  up  by  phagoc}i:es  ;  these 
are  usually  the  most  heavily  pigmented  cells  present  and  can  be 
distinguished  by  the  coarse  lumpy  nature  of  their  granules. 

In  general,  skin  melanomata  present  an  alveolar  architectuie,  but 
the  cells  are  polymorphous  and  vary  from  round  to  spindle  forms.  In 
some  cases  they  are  arranged  in  columns  hung  at  right  angles  to  the 
long  axis  of  the  group  and  present  a  distinctly  Meissnerian  architecture 
or  even  a  ^  heiTing-bone  ’  pattern.  The  nucleus  is  large  vith  a  suigle 
prominent  nucleolus.  Great  structural  variation  is  seen,  and  in  the 
same  growth  may  be  composed  of  large  round  or  polygonal  cells  while 
other  parts  consist  of  long  fasciculi  of  spindle  cells.  It  is  a  remarkable 
fact  that  in  children  before  puberty  melanotic  grovdhs  wMch  would 
be  judged  as  malignant  on  histological  grounds  only  very  rarely 
behave  in  this  way.  In  contrast  to  lack  of  malignancy  in  such 
prepubertal  melanomata  those  occurring  in  later  adolescence  are 
usually  highly  malignant,  as  are  also  those  which  become  active  during 
pregnancy. 

Melanomata  of  the  skm  show  a  special  tendency  to  spread  by  the 
lymphatics  but  may  also  invade  the  blood  stream :  the  related 
lymphatics  filled  with  pigmented  cells  may  appear  as  black  lines,  and 
the  regional  Ijunph  nodes  become  enlarged  and  black  at  an  earl\  stage. 

From  what  has  been  said  of  the  origin  of  the  nsevus  cells,  malignant 
cutaneous  melanomata  are  probably  neuro-ectodermal  in  origin.  This 
would  harmonise  wdth  their  generally  carcinomatous  behaviour  but 
would  also  explain  their  profound  differences  from  tumours  of  epidermal 
cells,  e.g.  epithelioma.  It  is,  however,  noteworthy  that  melanoma 
has  been  produced  in  the  dog  by  repeated  applications  of  tar  to  the 
skin  (Passey). 

Melanoma  is  one  of  the  most  mahgnant  tumours  known  and  m 
the  later  stages  very  extensive  metastases  may  occur  in  livei,  lungs, 
brain  and  abdominal  organs — ^in  fact  in  practically  every  organ  and 
tissue.  When  this  happens  melanin  in  reduced  colourless  form  is 
excreted  in  the  urine,  which  then  darkens  on  standing.  ^ 

Ocular  MeUnoyna.  Melanomata  arise  in  connection  with  the  eye, 
those  on  the  epibiilbar  conjunctiva  closely  resembling  the  cutaneous 
forms.  Intra-ocular  melanomata  are  found  in  the  iris  and  ciliary 
body,  but  most  frequently  in  the  retina  and  choroid  where  thej*  grow 
into  the  vitreous  causing  retinal  detachment  and  blindness.  The 
majority  have  a  carcinomatous  structure  and  some  show  traces  of 
organoid  architecture  ;  others  are  frankly  spindle-ceUed  growths  of 
sarcomatous  aspect  and  not  infrequently  both  types  are  present  in 
the  same  growth.  Wilder  and  Callender  claim  that  the  prognosis  can 
be  correlated  with  the  amount  of  reticulin  formed  in  the  tumour  ; 
in  general  the  more  spindle -celled  growths  show^ed  the  greatest  amount 
of  argyiophil  fibres  and  had  the  best  prognosis  as  judged  by  the  number 
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surviving  over  five  yea,rs,  whereas  the  more  frankly  carcinomatous 
gi’owths  with  scanty  reticulum  had  a  much  shortei;  ex|)0(dati()n  of  liic, 
Intra, -ocular  melanomata  tend  to  spread  by  the  l)]o{)d  sti‘ea,m  a.nd  give 
rise  to  very  extensive  secondary  growths  in  lungs,  liver  aiiul  a.bdominat 
viscera.  Jt  is  iiote worthy  tliat  this  may  appear  some  yea,rs  after 
removal  of  the  affected  eye.  I'he  diffuse  lympliatic  infiltration,  so 
characteristic  of  skin  melanomata  is  iisuailly  a.bsent,  but  it  may  be 
found  in  cases  where  the  primary  growth  lias  pcuuffa'ated  the  sclei'a 
and  invaded  the  orbital  tissues  or  along  the  optic*,  nerve. 

There  has  been  inuch  discussion  as  to  the  origin  of  inti'a, -ocular 
melanomata,  some  holding  with  Dawson  that  the  cells  arise  from  the 
pigmented  layer  of  the  retina  and  are  thus  neuro-ectodermal  ;  others 
believe  that  in  addition  to  tlie  neuro-epibhistic  retiiml  cells  there  are 
mesenchymal  pigmcuited  cells  in  the  iris,  cilia, ry  liody  a.nd  elioi’oid, 
and  that  both  ty])c\s  may  give  rise  to  new  growths.  Obsei-vations  on 
tissue  cultures  of  endiryonic  eyes  have  sliOAvn  tluit  the  twa)  tyjX'S  of 
cell  differ  morphologically  and  also  in  their  manner  of  growth  and 
that  both  are  melanoblastic.  There  may  therefore  be  two  varieties 
of  intra-ocular  melanoma,  a  neuro-ectodermal  carcinomatous  tyjie 
and  a  meseiichymal  sarcomatous  type,  but  the  matter  is  not  yet  to 
be  regarded  as  finally  settled. 

Epirlrmial  Tuniou.r,^.  I.dic^sc'!  tumours  a.i’e  of  a,n 
entirely  different  nature  a,n(l  rec(iiire  s})eciai  mention  bc‘(*.<nis(^  of  tlu'ir 
relatively  benign  nature  and  good  prognosis.  'Vhv.  group  c.ompi'ises 
chiefly  certain  keratiiusing  sejuamous  papilloma, ta  a,n(l  ba,sa,l-ceH  (‘a,iKj(M‘s 
(rodent  ulcers)  of  the  skin,  whi(.*.h.  differ  From  t,lu*  usuai  lypc^s  in  being 
of  brownish  or  greyish  colour  and  usually  only  .mod(*ra,l(iy  pig¬ 
mented.  The  general  architecture  conforms  to  that  ol‘  simihir  non- 
pigmented  tumours  ;  all  degrees  of  piginentation  of  tlu^  c.onstilu(‘ut 
epithelial  cells  are  found:  in  the  most  nmrked  exam])les  j)ra,eii,(ailly 
all  the  cedis  contain  fine  pigment  granules,  but  in  othe*rs  Uic^  piguuuit 
is  located  principally  in  the  basal  layers.  There  are  oltcui  (‘olha'-iions 
of  heavily  pigmented  phagocytes  in  the  underlying  sti-oma,.  Tiu^se 
growths  are  rather  commoner  on  the  face  and  neck,  but  a, I  so  oec*.ur 
on  the  trunk  and  rarely  on  the  limbs  ;  they  are  seen  usuai ly  in  tiie 
later  period  of  life.  The  pigmented  keratinisiug  papilloma-ta  a, re 
sometimes  called  seborrhmic  warts,  and  are  cpiite  sim])I(^,  while  ifie 
pigmented  rodent  ulcers  have  the  usual  prognosis  of  this  group. 
Even  in  the  most  heavily  pigmented  examples  there  is  evidence 
that  the  melanin  is  fornied  by  dendritic  cells  which  are  oftien.  pi*esent 
in  increased  numbers  in  these  growdhs  and  from  which  it  is  trans¬ 
ferred  to  the  epithelial  cells  of  the  tumour  (Lennox). 

ENDOTHELIOMATA 

Whilst  malignant  tumours  undoubtedly  take  origin  from  endo¬ 
thelium,  it  is  difficult  to  delineate  the  characteristics  of  an  endothelioma. 
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The  more  clearly  defined  varieties  usually  receive  a  distinguishing 
prefix,  e.g.  ^6ro-endothelioma  (nieningioma)  (p.  206),  lu'emcmgio-  or 
iym^/migio-endothelioma,  etc.  (p.  212),  retic] Jo-endothelioma  (p.  255, 
etc.). 

The  term  enclotJieMoma  was  used  to  designate  a  primary  cellular 
grovdli  of  lymph  nodes  with  a  carcinomatous  pattern,  the  coiistitiieiit 
cells, being  flattened  or  spindle-shaped  with  few  or  no  connective  tissue 
fibrils  between  them.  There  are,  however,  no  specific  characters  by 
which  endothelial  cells  can  be  distinguished  and  the  possibility  of 
an  unrevealed  deep-seated  primary  carcinoma  has  to  be  borne  in 
mind. 

Endothelioma  is  said  to  occur  also  in  the  serous  membranes,  especi¬ 
ally  the  pleura,  the  growth  forming  a  thick  layer  over  visceral  and 
parietal  layers.  Microscopically  it  consists  of  alveoli  of  irregulariy 
rounded  cells,  but  many  such  alleged  grovdhs  are  really  secondar}^ 
to  an  undetected  primary  cancer,  usuall}^  of  the  lung  but  sometimes 
of  the  kidney.  No  doubt  serosal- cell  tumours  occur  but  they  are  not 
common  and  there  are  no  specific  characters  by  which  they  can  be 
defined  ;  the  term  mesothelioma^^might  suitably  be  apphed. 

A  mahgnant  gro\vth  occasionally  takes  origin  from  the  vascular 
endothelium  and  we  have  recently  studied  such  a  case,  the  primary 
grovdh  being  in  the  breast.  In  such  a  grovdh,  one  can  find  new 
formation  of  blood  vessels,  and  the  cells  in  their  walls  undergo  mitotic 
division  and  form  solid  processes  which  pass  into  and  blend  with  the 
surrounding  masses  of  cells.  Such  a  tumour  might  be  called  an  migio- 
e7idotheMo77ia,  and  is  to  be  distinguished  from  a  sarcoma  composed  of 
connective  tissue  cells,  in  which  there  is  an  associated  abundant 
formation  of  wide  vessels— telangiectatic  sarcoma. 

In  some  cases  the  cells  of  a  tumour  are  arranged  as  a  sort  of 
sheath  around  the  thin-walled  blood  vessels,  although  this  may  be 
seen  only  at  places.  To  such  growth,  the  term  perithelioma  was 
formerly  apphed.  That  the  cells  take  origin  from  endothelium, 
however,  seems  to  us  an  assumption,  and  it  might  be  better  to  apply 
the  term  perivascular  sarcoma.  Some  consider  that  they  originate 
from  the  so-called  adventitial  cells  of  the  vessels,  but  this  is  uncertain. 
The  appearance  of  perivascular  grovdh  is  most  often  due  to  degenera¬ 
tive  changes  occurring  in  the  parts  awny  from  the  vessels. 


CYTOMATA  OF  THE  LEUCOCYTE-FOBMING  TISSUES 

It  is  not  possible  to  give  a  satisfactory  diJfierentiation  and  classifi¬ 
cation  of  tumours  which  arise  from  the  leucocyte-forming  tissues  ; 
we  shall  therefore  describe  merely  the  main  types.  Tumoms  of 
this  class  may  be  unattended  by  ah  increase  of  the  leucocytes  in  the 
blood,  that  is,  may  occur  without  the  presence  of  a  leuksemic  con¬ 
dition.  This  is  the  case  with  lymphosarcoma  and  myeloina,  but 
chloroma  is  accompanied  by  a  leuksemic  blood  picture,  and  from  this 
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(•(jiHlitioii  tliero  iire  all  traiLsityioiis  to  leiikayiniii  wilLout  any  foi;iiia4ioii 
of  tuivioiir  masses.  We  shall  here  consider  sonu'  of  the  chartieters  of 
tiie  types  of  tumours  without  an  associated  leuka^miai ;  the  growths 
associated  with  leuksemia  wall  he  described  in  a  later  chapter.  Thk 
aa-rangement  is  merely  for  convenience,  and  does  not  imply  any 
fundamental  difierence. 

In  lymphoid  tissue  it  is  generally  admitted  that  thei’e  are  present 
primitive  mesenchyme  cells  which  may  give  rise  to  various  e.(‘ll  ty  |)(‘s 
— ^lymphocytes,  reticulum  cells,  endothelial  cells  of  the  simiscss  or 
IhtoraJ  cells,  and  probably  also  fibrocytes.  Theoretically  then,  growl, lis 
may  a.rise  from  any  of  these  cell  types,  may  vary  in  i,luMr  irnil  ignancy 
and  may  show  aberrant  cell  forms,  and  as  miglit  be  (‘.\})(‘ci(‘d.  a,  very 
complex  histological  ])icture  may  ii^aise.  lleccvntly  in  view  ol.  i,lic 
relation  of  th('  t,issiu'  to  the  reticulo-cauloi.lu'lia,!  syslcan,  the  terms 
ret/icidosis  and  nlundo-mrcoina  were  introdiic(Ml,  tlie  (briiUM*  to  indicate 
enlargr^ments  which,  are  not  neophistic,  a,nd  t,lu^  lattca*  thos(‘.  wlii(;lr  are, 
but  it  is  cpiite  impossible  to  draw  tlu.^  line  sha,rply  IxIiWchmi  them. 
Until  some  further  clarification  has  bcaai  a,(‘hiev(xl  it  is  tluMxIbre 
better  to  retain  terms  already  in  use.  ‘  Hodgkin’s  dis('a.s(‘  ’  is  one 
example  and  will  be  discussed  later  (p.  540)  togetluM*  with  (‘mi,ain 
other  hyperplasias  of  a  poorly  defined  nature.  An  important  jxiint 
about  all  these  growths  is  that  groups  of  nodes  iiiv  oltcai  a,(]ect(‘d 
simultaneously  and  this  appears  to  be  the  result  ot  innli,ic(mti*i(*  oiigin 
and  not  of  metastasis.  The  spleen  may  be  simihiiiy  involvcxl  usimlly 
at  a  late  stage.  In  short,  wt.  have  to  deal  with  discxisc^s  wiiidi,  f, hough 
at  first  localised,  may  ultimately  affect  the  entire  lymplmtic  a,nd 
reticulo-endothelial  systems . 

The  round-cell  growths  are  the  commoner  and  of  thcs(^  thr*c(^ 
illustrative  examples  may  be  given.  We  shall  afterwards  bricily  rdia.* 
to  tumours  of  the  reticulo-endothelial  system  which  are  not  of  the 
round-cell  type.  The  general  term  reticulo -sarcoma  might  suitably 
be  applied  to  them. 

(a)  Sometimes  a  tunionr  may  originate  in  a  lym])h  nodc^  a,n.d  form 
a  slowly  growing  cellular  mass  enclosed  in  a  fibrous  (capsule.  Histologic¬ 
ally  it  consists  of  lymphocyte-like  cells  in  a  delicate  reticulum,  although 
the  structural  arrangments  of  a  lymph  node  arc^  ahscaii,.  Siicli  a 
tumour  is  often  spoken  of  as  simjple  lymphorna,  if  it  remains  localised 
and  there  is  no  recurrence  after  removal ;  such  tumours  are  rare, 
and  can  be  distinguished  only  in  retrospect  by  their  subsec|nent 
clinical  course. 

(&)  The  term  pseudo deukaimia  is  applied  when  there  is  a  progres¬ 
sive  enlargement  of  lymph  nodes,  due  to  increase  of  lyinphocytes, 
but  without  the  presence  of  leukseinia.  Although,  the  affection  spreads 
and  involves  various  nodes,  there  is  little  or  no  destructive  infiltration 
of  the  tissues  around.  Such  a  condition  may  be  followed  by  lymphatic 
leukaemia,  and  accordingly  it  is  probably  to  be  regarded  as  a  stage 
in  the  same  affection. 
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(c)  Lastly,  there  is  the  lymphosarcoma  proper,  which  presents  all 
the  ioiiltrative  and  destructive  characters  of  a  mahgnant  grov^dh. 

Lymphosarcoma.  This  'variety  may  take  origin  either  from 
lyMph  nodes  or  from  other  lymphoid  tissues,  a  common  site  being 
the  cervical  glands.  It  may  occur  also  in  the  lymphoid  tissue  of  the 
stomach  and  intestines,  where  it  may  produce  a  diffuse  infiltration 
and  thickening  of  the  waU,  especially  about  the  ileo-csecal  valTe,  along 
with  great  enlargement  of  the  mesenteric  glands.  HistologicaU^", 
lymphosarcoma  is  composed  of  small  round  ceUs  with  scanty  protoplasm 
resembling  lymphocytes  or  lymphoblasts,  but  sometimes  of  indefinite 
character.  Larger  cells,  apparently  derived  from  reticulum  cells,  may 
be  present,  and  occasionally  these  may  become  enlarged  and  have 
convoluted  nuclei.  The  proportion  of  the  two  varieties  of  cells  varies 
much  in  different  examples  of  the  growth.  Between  the  small  cells 
there  is  a  varying  amount  of  reticulum.  The  tumour  grows  rapidly 
and  is  usually  pale  and  soft,  with  a  tendency  to  necrosis.  It  has  a 
high  degree  of  local  malignancy  and  shows  a  special  tendency  to 
spread  by  the  lymphatics.  L^nnphosarcoma  was  formerly  believed 
to  be  not  uncommon  at  the  root  of  the  lung,  occurring  as  a  cellular 
growth  with  extensive  peri-bronchial  invasion.  It  has  now  been  shown, 
iiowever,  that  tumours  in  this  situation  are  usually  small- cell  carcino¬ 
mata  arising  from  bronchial  epithelium  (p.  444). 

Eeticulo-sarcoma,  The  occurrence  of  larger  cells  in  lympho¬ 
sarcomata  has  already  been  mentioned,  but  there  occur  tumours  in 
connection  with  the  reticulo-endothehal  system,  e.g.  in  the  lymph 
nodes,  spleen,  etc.,  in  w^hich  the  characters  of  the  cells  suggest  an 
origin  from  reticulum  cells  or  endothehal  cells .  The  cells  may  be 
rounded,  spindle-shaped  or  irregular  in  form  and  may  be  of  large  size 
with  aberrant  types  ;  in  short  the  growth  may  resemble  a  sarcoma, 
though  multii^le  nodes  may  be  affected.  Such  a  growdh  may  be 
caUed  a  reticulo-sarcoma  (p.  547).  In  other  growths  the  arrangement 
of  the  cells  is  in  masses,  as  in  an  endothehoma,  and  this  may  possibly 
be  due  to  its  origin  from  the  sinus  endothelium  or  littoral  cells.  The 
term  reticulo- endothelioma  may  for  the  present  be  applied  to  this 
type.  Some  further  discussion  is  given  in  comiection  with  the  lesions 
of  the  spleen  and  lymph  nodes. 

The  origin  of  hyperplasias  and  tumours  of  this  class  from  particular 
cell  types  is  being  actively  investigated,  but  the  application  of  elaborate 
classifications  is  premature,  and  confuses  rather  than  clarifies^  the 
subject.  In  particular  it  is  highly  undesirable  to  include,  wnthin 
a  general  term  such  as  '  reticulosis,’  conditions,  some  of  which  are 
frankly  reactive  while  others  are  clearly  neoplastic. 

Myeloma.  This  is  a  somewhat  rare  growth,  composed  of 
round  ceUs  often  resembling  plasma  ceUs,  which  originates  from  the 
bone-marrow  and  occurs  as  multiple  nodules ;  it  is  unattended  by 
leukemia.  Its  characters  are  described  later  (p.  552).  It  is  to  be 
noted  that  this  form  of  growth  has  of  course  no  relation  to  osteoclas- 
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ioina  (ill yoloid,  sa rcona 
erroiieoiislv^  a|)plie(l.  to 


tlu)i  ii>;li  the  tei'iu  niycl  oina,  is  some  times 


Other  Forms  of  Malignant  Growths 

Sympathicoblastoma  (Neuroblastoma).  This  triniom*  is  com¬ 
posed  of  embryonic  cells^  Avhicli  ai*e  to  a  certain  extent  diifer'entiated 
as  iieuroblasts. 

The  true  natiire  of  this  tumour  has  been  reco<>-iiiscHl  only  siiuu^  11)11, 
and  formerly  exam])les  of  it  were  classified  ainonyst  tlu^  sa,i‘(a)mata. 
The  tumour  is  of  very  cellular  character  and  ottcm  of  rapid  <i;i-(.)wtli. 
It  is  met  with  in  the  early  years  of  life  and  :ma,y  |)ix‘S(uit  al".  birth. 
It  is  of  cellular  and  hcnmorrhagic  character  and  ort('n  givuvs  lasc.^  to 

extensive'.  ;meta,sta,s(‘s  in  thc^ 
^  A  p.  various  orga,ns,  -parti cidarly 


various  orga,ns,  | )a,rtic.u hu'ly 
in.  the  liver.  "Ilu^  skeh'tal 
system  is  usually  also  widely 
alleetcd,  ('spc'cially  the'  skull. 
Most  ('xa,m|)l('s  laive  been 
in  tlu'  a,dr('nals,  though  it 
ot'cau's  also  in  connection 
with  otlier  pairts  of  tlie 
sy  in  pathetic  system,  and  it 


<^Bi’enals,  though  it 

0*"'  ^  * CS  ^  occurs  also  in  connection 

H  with  otlier  parts  of  tlie 

’i^'  S'  m  ^  sympathetic  system,  a.nd  it 

.yfc,#-  4.-  J  i®  occasionaJly^  iiHsociated 

■  ‘1^  wit,h  a  gaiUglio- neuroma 

(p.  220).  On  microscopic 
^  examination,  the  cells  are 

round  or  oval  and  of  small 
size,  with  little  [irotoplasm 
Fig.  168.  Sympathicoblastoma.  roiincl the  iliu'lc'us.  In  many 

Some  of  the  cells  are  arranged  in  rosettes  with  fibril-  .  ,  4.  ji  ^  •  .  i  1*. 

lar  material  in  their  centre.  (J.  S. D.)  x  300.  parts  tliey  are  irit'gUlariy 

arranged,  while  at  places 
they  may  form  small  hall- like  masses  of  cells  ydiich  somellmes  show 
further  differentiation,  into  rings  or  rosettes,  the  central  part  of  the  ring 
being  occupied  by  a  large  number  of  fine  fibrils  whic-li,  give,  somewhat 
imperfectly,  the  staining  reactions  of  nerve  fibrils.  The  ct'Ils  surroxind- 
ing  such  rosettes  are  radially  arranged,  tail-likc^  jirolongations  of  the 
cytoplasm  projecting  into  the  centre  to  form  the  fibrillary  network  (Fig. 
168).  These  structures  are  closely  similar  to  the  clumps  of  neuroblasts 
which  grow  out  to  form  the  sympathetic  system,  as  can  be  well  seen  in. 
the  foetal  adrenal  when  it  is  becoming  invaded  by  neurohlasts  to  form 
the  medulla  of  the  gland.  In  view  of  this  fact,  and  also  of  their 
association  with  ganglio -neuroma,  there  can  be  no  doubt  that  the 
cells  of  the  tumour  are  really  neurohlasts.  We  haTfe  also  seen  two 
tumours  composed  of  neurohlasts  and  partially  differentiated  ganglion 
cells  in  the  pineal  region  in  infants.  Recently  tumours  have  been 
described,  the  origin  of  which  has  been  traced  to  the  chromaffin  cells  ; 
to  such  growths  the  term  paragcmiglioma  has  been  applied. 


Fig.  168. — Sympathicoblastoma. 

Some  of  the  cells  are  arranged  in  rosettes  with  fibril¬ 
lar  material  in  their  centre.  (J.  S.  D.)  x  300. 
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Retinoblastoma.  This  tumour  presents  certain  analogies  to 
that  just  described.  It  is  a  very  ceiliilar  growth  originating  in 
the  retinal  layers  and 
is  met  with  usually 
in  the  first  few  years 
of  life.  It  not  in- 
frequently  develops  in 
both  eyes  (in  23  per 
cent,  of  cases,  accord¬ 
ing  to  Ewing),  and  a 
tendency  to  appear  in 
more  than  one  mem¬ 
ber  of  a  family  is  some¬ 
times  noted.  Occa¬ 
sionally  it  has  been 
associated  with  con¬ 
genital  abnormalities 
in  the  eyes.  It  is  com¬ 
posed  of  small  rounded 
or  oval  cells  with 
very  little  cytoplasm 
and  of  rather  undiffer¬ 
entiated  character.  A 
characteristic  feature 
is  the  presence  of  small  rosettes  formed  by  a  circular  arrangement 
of  cells  of  short  columnar  epithehal  type  enclosing  a  lumen  (Eig. 
169.)  In  this  respect  there  is  a  difference  from  the  rosettes  in  neuro¬ 
blastoma.  The  rosettes  are  present  in  only  a  certain  proportion  of 
cases,  but  ev-en  when  they  are  absent,  the  cells  of  the  tumour  have  not 
a  uniform  arrangement  and  suggestions  of  such  structures  may  be 
seen.  The  growth  may  extend  through  the  eyeball  to  adjacent 
structures  and  lead  to  lymphatic  infiltration  and  also  secondary 
growths  in  other  organs.  On  the  whole,  however,  metastases  occur  late 
and  only  in  a  relatively  small  proportion  of  cases.  The  tumoiir 
evidently  develops  at  an  early  stage  in  the  retinal  rudiment.  It  is 
often  known  as  a  '  retinal  glioma  ’  but  there  is  no  evidence  that 
the  cells  are  of  glial  nature.  It  is  more  appropriately  called  retinal 
neuro-epithehoma  ’  or  '  retinoblastoma. 

Chordoma.  This  form  of  growth  takes  origin  from  the  cells  of  the  noto¬ 
chord,  a  structure  of  hypoblastic  origin,  the  remains  of  which  are  present 
in  the  inter-vertebral  discs.  It  has  been  met  with  most  commonly  m  sites 
corresponding  to  the  extremities  of  the  notochord,  viz.  in  the  region  of  the 
spheno -occipital  synchondrosis  and  in  the  sacro -coccygeal  region  ;  but  examples 
have  been  found  in  other  parts  of  the  spine.  The  tumour  is  very  rare,  and  only  a 
limited  number  of  cases  have  been  recorded.  At  the  base  of  the  skull,  such  a 
tumour,  as  it  enlarges,  soon  causes  death,  but  in  the  sacro -coccygeal  region  it 
may  grow  to  a  considerable  size,  and  tumours  of  several  pounds  m  weight 
have  been  recorded.  "  The  growth  is  firm  and  elastic,  and  appears  fairly  well 
circumscribed;  on  section  it  shows  iSTeas  of  somewhat  translucent  tissue 


^  \  ill?  \ 

....  || 


Pig.  160. — Retinoblastoma,  showing  round  cells 
with  at  places  formation  of  characteristic  circles. 
(Professor  M.  J.  Stewart.)  X  400. 
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(chordal  tissue)  wliicli  tends  to  undergo  softoiuug,  wldlst  between  tli('S(i  a,ivns 

tliere  is  a  well-forined  stromui 
(Fig.  171).  IdaMuorrliagc's  a, re 
s  o  in  o  ti  i  m  e  s  jiresent  in  tlie 
growtli.  Microscopical  exam¬ 
ination  shows  tliat  tlie  chordal 
tissue  in  its  earlier  stage  is 
(*onn)osed  of  somewliat  rounded 
or  polyliedral  cells  of  epithelial 
type,  which  liave  tlie  alveolar 
arrarigement  of  a  carcinoma 
(Fig.  170).  But  an  appearance 
more  of  sarcomatous  type  may 
be  present  in  the  same  growtli, 
especially  in  tlie  case  of  the 
rnoi-e  maligna, nt  varieties.  Tlie 
cells  of  the  growth  form  mucin, 
which  is  set  fi'ce  and  forms  an 
accumulation  between  them ; 
the  cells  tlien  become  atropliied, 
and  masses  of  mucoid  material 
with  gi'anular  remains  of  cells 
are  left.  Tlie  tiuTiour  may  be 
regarded  as  one  of  low  malig¬ 
na, ncy.  Secondary  g  r  o  w  t  h  s 
occur  at  a  late  period  when  the  primary  growtli  is  la,rgo-  (h^i  in  the 
neighbourliood  of  tlie  primary  growtli,  very  rarely  in  the  internal  organs. 
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Fig.  170. — Chordoma  from  sacro-coccygeal 
region,  showing  masses  of  cells  in  a,lveoli 
with  mucoid  degeneration  in  places. 
(M.  J.  S.) 


Fig.  171. — Section  of  sacral  chordoma. 

Note  strands  and  islets  of  translucent  chordal  tissue  separated  by  hseinorrhagic  areas.  X 


III.  MIXED  TUMOURS 

Multiple  types  of  cells  or  tissues  may  occur  together  in  the  same 
tumour,  and  this  may  be  brought  about  in  Yarioiis  ways.  Occa- 
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sionally,  tliougli  rai’ely,  two  tumours  are  really  present  together,  e.g. 
carcinonia  and  sarcoma.  Ehrlich  found  that  the  traiismission  of  a 
mouse  carcinoma  from  animal  to  animal  might  be  attended  by  the 
development  of  sarcomatous  change  in  the  stroma  ;  a  double  tumour 
was  then  transmissible  (Fig.  172).  This  occurs  much  more  frequently 
when  transplantation  is  carried  on  in  pure -line  strains  of  mice.  At 
a  later  period  the  carcinoma  died  out  and  the  growth  became  a  pure 
sarcoma.  The  development  of  sarcoma  in  intimate  relation  with 
epithelioma,  as  a  result  of  applications  of  tar  or  mineral  oil  to  the  sldii 
of  mice,  has  been  noted  by  several  observers.  A  truly  double  tumour 
of  such  nature  may  be  met  with  occasionally  in  the  hiiinan  subject, 
but  it  is  very  rare,  and  great  care  iniist  be  taken  in  iiiterpretiiig  appear¬ 


ances,  as  occasionally  cancer 
cells  may  become  diffusely 
arranged  and  even  spindle- 
shaped.  The  presence  of  bone 
or  cartilage  in  a  sarcoma,  of 
course,  does  not  indicate  a 
mixed  tumour,  but  is  merely 
the  result  of  matrix  formation 
by  the  cells  of  the  tumour 
which  have  imdergone  meta¬ 
plasia. 

The  most  characteristic 
form  of  a  mixed  tumour  is 
that  in  which  the  growth  takes 
origin  from  multipotent  em¬ 
bryonic  cells,  which  have  not 
yet  become  differentiated  and 
are  still  capable  of  producmg 
different  tissues;  the  term 
blastocytoma  may  be  suitably 

applied  to  such  a  gro^vth.  We  shall  describe  as  examples  two  com¬ 
paratively  common  mixed  tumours,  namely,  the  blastocytoma^ of  the 
kidney  or  nephroblastoma,  and  the  '  mixed  parotid  tumour.  The 
mixed  character  is,  however,  of  different  nature  and  significance  in 
the  two  instances. 


Fig.  172. — Sarcomatous  change  in  stroma 
of  transplanted  carcinoma  of  mouse, 
resulting  in  a  combination  of  carcinoma 
and  sarcoma.  (From  a  specimen  given 
by  Prof.  Ehrlich.)  X  200. 


Nephroblastoma.  This  is  a  cellular  tumour  arising  in  the  kidney  ; 
it  is  usually  met  with  iu  the  early  years  of  life,  though  occasionaUy 
in  the  foetus.  Such  growth  resembles  a  sarcoma  in  its  cellulanty 
and  naked-eye  features  generally,  but  on  microscopic  exammation  it 
is  found  that,  whilst  some  parts  are  composed  of  cellular  tissue  like 
sarcoma,  in  other  parts  there  are  cells  of  epithelial  tjfpe  which  are 
arranged  in  acini  (Fig.  173).  Further,  at  places  there  may  he  seen 
transitional  forms  between  the  cells  of  the  acini  and  the  stroma  ce  Is. 
In  certain  cases  there  may  he  also  an  imperfect  development  of 
glomeruli,  and  occasionally  areas  of  cartUage  may  be  present.  Meta- 
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Fig.  173. — Nepliroblastoina,  showing 
cellular  sarcoma-like  tissue  with  tran¬ 
sition  to  tubular  structures.  (J.  S.  D.) 
X  120. 


stases  of  neplirololastonia  are  of  frequent  occurrence,  particularly  in 

lyinpli  nodes,  liver,  lungs,  or 
•  opposite  ki(lm\\\  Accordingly, 

l)cf()i'(^  us  ;in  cxiiiiiiile 
'  of  fho  saiiu'  of  ('(‘11  bi-iUK-h- 

ing  off  i,.  (lilfront,  direuiioas 
and  forniiiig  (liffcrcnt.  tissues, 
althoiigli  siicli  I'oi'iiiafion  is 
T’dte  imix'ifi'ci.  If  sliould  be 
inentii()iu‘<l  too  tba.t  in  eeftain 
<'ases  tlH-  ccBs  belong  to  a 
,,,,io,l  stilt  PnThcr  ba,ek  in 
:,ntogcM,y,  and  iinpcn Ccctly 
-i',,:  v-^7a?  v>.4^';;v  fomu'd  iniiscle  fibres,  repre- 

‘A:/  V*-;  Aa  scntuig  the  myotonic  tissue, 

iiijiy  l)(‘  present. 

Fig.  173.  — Nephroblastoma,  showing  Mixed  P  il  r  a  b  11  C  C  a  1 

cellular  sarcoma-like  tissue  with  trail-  TumOUr.  Idlis  type  of  growth 

sition  to  tubular  structures.  (J.  S.  D.)  .  ,  .  • 

^  120.  comnionest  in  eomuxhaoii 

with  paroitd  gland,  but 

tinnours  of  corresponding  structure  are  nu't  w'itli  in  otluu'  parts 

ill  tlie  region  of  the  mouth,  e.g.  the  lips  and  pahite,  etc.  The  com¬ 
mon  '  mixed  parotid  tinnour  ’ 
may  reach  a  large  size  and 
produce  effects  mainly  by  ^ 

pressure.  As  a  rule,  it  is  well 
encapsulated  and  does  not  in- 
filtrate  the  surrounding  tissue,  '  r 

but  occasionally  true  malignant  ^  iJf 

growth,  always  of  carcinoma-  '  Jit 

toils  type,  becomes  siiperadded.  ■'  ”  ^ ' 
Histoiogically,  the  tumour  is  \  ’V 

found  to  consist  both  of  epi-  ^  ^  b  '  V‘ 
thelial  elements  and  connective  '  Y  ■  '  !l  P 
tissues.  The  epithelial  cells  are,  'y* 

in  places,  of  a  short  columnar 
tyxie  and  have  an  acinous 

arrangement,  but  occasionally  Fm.  174.-— Mixed  parotid  tumour,  show- 

tr'inciifirm  to  ^nimmous  enithe-  acinus-like  structures  above,  the 

transit]  on  to  squamous  epitne  of  which  are  giving  off  strands  which 

lium  may  be  noted.  Further,  merge  in  the  connective  tissue,  x  200. 

cells  extend  from  the  acini  in 

solid  strands  which  become  opened  out  and  lost  in  the  stroma,  the 
appearance  being  as  if  there  were  intermediate  forms  betwcxui,  the 
stroma  cells  and  the  epithelial  elements  (Fig.  174).  The  stroma  varies  ; 
it  may  he  hyaline  connective  tissue  or  myxomatous,  or  again,  it  may 
contain  islets  of  cartilage  and  even  hone.  Such  tumours,  which  are 
fairly  common,  probably  arise  from  an  abnormality  in  development, 


Fig.  174. — Mixed  x^arotid  tumour,  show¬ 
ing  acinus -like  structures  above,  the 
cells  of  which  are  giving  off  strands  which 
merge  in  the  connective  tissue,  x  200. 
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but  some  observers  consider  that  tliey  originate  from  adult  glandular 
tissue.  In  an}^  case  it  does  not  seem  necessary  to  ascribe  tlieir  origin 
to  a  niultipotent  cell.  The  growth  may  rather  be  i-egarded  as  an 
adenoma  in  which  both  the  epithelial  cells  and  the  associated  stroma 
have  a  special  tendency  to  undergo  metaplasia. 


TEBATOMATA 

When  identical  twins  develop  from  a  single  fertilised  ovum  a 
varying  amount  of  fusion  may  take  place.  Tliis  ma}^  be  only  of 
limited  extent  as  in  the  Siamese  twins,  or  it  may  affect  a  considerable 
part  of  the  body — duplicitas  anterior  where  there  is  fusion  in  the 
posterior  region^  duplicitas  posterior  where  the  anterior  region  is 
affected.  (Partial  fusion  of  two  germinal  areas  is  often  spoken  of.) 
Then  there  are  cases  wdiere  one  foetus  is  imperfectly  represented  and 
fused  with  the  other,  growing  on  it  in  parasite-like  fashion.  Ail 
such  abnormalities,  which  are  very  various,  are  spoken  of  as  mon¬ 
strosities.  In  them  very  wide  deviations  from  the  normal  occur  ; 
but  the  formation  of  parts  and  the  relations  of  the  tissues  to  one 
another  are  well  maintained  :  thus,  organs  may  be  doubled,  or  a  limb, 
though  abnormal  in  size  or  form,  is  still  a  limb.  The  subject  of  mon¬ 
strosities  wdll  not  be  further  considered. 

There  is,  however,  a  group  of  abnormahties  in  which  representa¬ 
tions  of  various  tissues  in  the  body  are  chaotically  arranged  to  form 
a  mass,  and  in  the  most  complicated  forms  all  three  geriniiial  layers 
are  represented.  Such  abnor¬ 
malities  are  called  teraiomata  ; 
they  are  of  not  infrequent 
occurrence  and  are  of  practi¬ 
cal  importance.  They  may  be 
present  on  the  external  aspect 
of  the  body,  the  sacral  region 
and  the  upper  jaw  being  the 
commonest  sites — aam'al  tera¬ 
toma  and  epignathus  respec¬ 
tively  ;  the  former  is  the  more 
frequent.  They  are,  however, 
commoner  in  the  interior  of 
the  body,  especially  in  the 
ovaries  and  testes,  though  they 
occur  in  other  parts,  e.g.  medi¬ 
astinum  jretroperitoiieal  tissues, 
etc.  They  are  usually  single 

but  occasionally  more  than  ^ 

one  is  present.  Great  variation  in  naked  eye  characters  is  met  with, 
and  cyst  formation  may  he  a  notable  feature,  as  in  the  common 


y  :;.y  ytvip/.vA.T'  ■ 

Fig.  175. — Section  of  ovarian 
teratoma. 

Above  there  is  a  tube  lined  by  mucin-contain¬ 
ing  epithelium,  and  below,  a  nodule  of  hyaline  carti— 
age.  X  60. 
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ovarian  teratoma  (dermoid).  There  is  endless  variety  in  the  tissues 

a  n  d  i  n  their  arrangement. 
Cartilage,  bone,  epidermis  and 
glandular  epithelium,  hair,  teeth, 
etc.,  are  common  components, 
but  specialised  tissues  such  as 
those  of  liver,  kidneys,  nervous 
system,  eyes,  luemopoietic  tissue 
and  otliers  are  also  rcvpresented 
(Figs.  175,  176).  There  is,  liow- 
ever,  no  evidence  of  the  pre¬ 
sence  of  the  reproductive  glands. 
Whilst  a  teratoma  may  be  of 
such  a  complicated  constitu¬ 
tion,  there  is  no  proper  forma¬ 
tion  of  organs,  limbs,  etc.,  and 
a  very  important  fact  is  that 
there  is  no  trace  of  a  vertebral 
column  and  no  rnetameric  seg¬ 
mentation.  It  is  evident  tliat  to  such  a  chaotic  assemblage  of:  mis- 
related  tissues  the  term  ‘  foetus,’  formerly  in  common  use,  cannot 
properly  be  applied. 

In  accordance  with  the  facts  of  embryology  it  was  formerly  belie  ved, 
in  view  of  the  complicated  structure  of  teratomata,  that  they  must 

.  It  if 

separated 


Fig.  176. — Section  of  ovarian  tera¬ 
toma,  showing  structure  composed 
of  tall  pigmented  cells,  apparently  a 
rudiment  of  the  eye.  X  60. 


arise  from  totipotent  cells,  i.e.  from  dislocated  bhistonu' 
known  that  in  the  case  of  the  lower  vertebrates  a  bhistomerc'-  it  ^ 
may  give  rise  to  a  complete  embryo,  and  this  may  oceiir  alter  several 
cells  have  been  formed  by  cleavage.  No  intormation,  however,  is 
available  as  to  wFether  this  obtains  also  in  the  human  subject,  ihe 
theory  explains  well  the  multiplicity  of  tissues  in  teratomata,  but  the 
absence  of  inetaineric  segmentation  is  regarded  as  a  serious  clitheulty. 
Another  view  is  that  teratomata  are  derived  from  the  male  or  female 
germ  cells.  Here  something  of  the  nature  of  parthenogenetic.  dcwcdop- 
ment  would  have  to  be  assumed,  as  is  known  to  occur  in  ova.  iiiuku; 
the  influence  of  certain  salt  solutions.  Bosaens  obtained  striking 
results  by  stimulating  frogs’  ova  to  parthenogenetic  development  and 
then  placing  them  in  the  internal  tissues.  Under  these  circumstances 
tumour  masses  developed  which  he  describes  as  having  the  strnctnre 
of  spontaneous  teratomata.  In  cocks  the  intra-testicular  injection  ot 
solutions  of  zinc  salts  during  the  breeding  season  or  after  stiiniilation 
by  pituitary  gonadotrophin  has  led  to  the  development  of.  highly 
malignant  complex  teratomatous  tumours  closely  resembling  those 
in  man  (Bagg),  but  similar  results  do  not  appear  to  have  been  achieved 
in  mammals, 

Kecent  research  in  experimental  embryology  has,  however,  thrown 
new  light  on  the  subject  of  teratomata.  The  process  of  diiferentiatioii 
in  ontogenesis  has  been  shown  to  depend  on  chemical  products  of 
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cells  caEed  organisers  or  evocators  which  act  on  cells  which  are  sus¬ 
ceptible  to  them,  i.e.  are  ‘  competent.’  The  result  depends  upon 
these  two  factors  and  these  vary  at  different  stages  of  development. 
Thus  there  are,  on  the  one  hand,  organisers  of  different  grades,  primary, 
secondary,  etc.,  and,  on  the  other,  the  competence  of  different  parts 
of  the  embryo,  which  changes  with  time.  A  primary  organiser 
derived  from  the  dorsal  lip  of  the  blastopore  will  evocate  a  new  embryo 
if  brought  into  relationship  with  the  ectoderm  up  to  the  end  of  the 
gastrula  stage.  A  secondary  organiser  contained  in  the  optic  cups 
^rowing  from  the  brain  vesicles  induces  the  lens  of  the  eye  from 
ectoderm  ;  and  so  on.  It  is  thus  evident  what  a  complexity  of  effects 
may  be  produced  by  the  disturbance  of  such  a  mechanism.  It  is  main¬ 
tained  that  all  the 'known  features  of  teratomata  can  be  explained  by 
the  abnormal  liberation  of  organisers  of  secondary  and  lower  grades  and 
the  persistence  of  competence  beyond  the  time  at  which  it  is  normally 
lost.  (In  the  case  of  monsters  primary  organisers  might  be  concerned.) 
The  essential  element  in  teratomata  would  then  be  the  failure  of  the 
individuation  field  at  some  early  period  to  control  the  action  of  organ¬ 
isers.  Another  factor  in  producing  complexity  is  the  influence  of  one 
tissue  in  leading  to  the  formation  of  another.  It  is  believed  that  from 
combinations  and  permutations  of  such  factors,  all  that  is  known  about 
teratomata  can  be  produced.  This  view  affords  an  explanation  of 
the  chaotic  character  of  teratomata,  but  knowledge  is  wanting  as  to 
the  primary  causes  of  disturbance  in  the  mechanism  of  development. 
The  newer  work  in  experimental  embryology,  however,  gives  promise 
of  clearing  up  various  problems  w'hich  have  been  obscure. 

Teratomata  are  thus  the  result  of  chaotic  development  of  structures 
which  may  be  derived  from  the  three  germinal  layers.  They  have 
not  necessarily,  however,  the  essential  feature  of  true  tumours— that 
is,  indefinite  autonomous  proliferation.  Some  remam^  without  under¬ 
going  much  change,  whilst  enlargement  of  the  ovarian  forms  takes 
place  chiefly  by  accumulation  of  secretion  within  the  cyst.  Mabgnant 
growth  may,  however,  develop  in  a  teratoma,  especially  of  the  solid 
variety,  and  may  be  of  carcinomatous  or  sarcomatous  type,  ihis  is 
common  in  the  case  of  testicular  teratomata,  and  metastases  often 
follmv.  In  some  examples  of  mediastinal  and  testicular  teratoma, 
and  in  a  few  instances  of  ovarian  teratomata,  chorionic  epithe  mm 
has  been  present,  with  sjmcytia  and  Langhans  cells,  and  from^  this 
a  chorion-epithelioma  has  taken  origin.  Such  an  occurrence  is  intel¬ 
ligible  if  we  bear  in  mind  that  the  chorionic  epithelium  is  a  modifica¬ 
tion  of  the  foetal  ectoderm,  and  it  is  another  striking  example  of  the 
variety  of  foetal  tissues  which  may  occur  in  a  teratoma. 


ETIOLOGICAL  FACTORS  IN  TUMOUR  GROWTH 

Although  we  are  ignorant  of  the  essential  biological  change  in  ceUa 
when  they  take  on  the  autonomous  character  of  new  growth,  certain 
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important  factors  concerned  in  etiology  are  known.  It  has  already 
been  stated  that  in  biological  processes  causation  is  usua.lly  coinplex. 
We  conveniently  speak  of  (a)  a  primary  oi-  (‘xciihig  ca,uscc  meaning 
that  particular  circinnstance  in  time  which  si.a^rts  tJi(‘  proca^ss  a,n(i 
{b)  secondary  or  adjuvant  c‘a,uses,  without  w'hi(*h  ihc  exciting  ea.iise 
would  be  ineffective.  Tlu'  (brmc'r  usually  impli(‘s  some  a,cth)n  fVoiu 
outside  the  body,  the  latter  a  state,  as  a  rule  one  of  varying  suscepti¬ 
bility,  and  this  may  be  inborn  or  avcinircal.  Witlioiit  thv.  co-opc'ration 
oh  these  two  factors  the  particula.r  proca^ss  may  not  occur.  ITiis  is 
well  illustrated  in  the  case  of  tumours.  One  ofteJi  hea,i-s  the  pliinse 
‘  the  cause  of  cancer,’  but  so  far  as  the  starting  of  the  growth  is  con¬ 
cerned  there  is  no  one  cause  ;  there  are  many  Cevuses.  ft  has  now 
been  shown  experimentally  that  there  are  many  agents  wlvich,  may 
start  malignant  growths  and  these  are  now  usually  s])oken  of  as 
carcAnogenic  agemts.  These  have  been  proved  to  l)e  effective  wlien 
applied,  to  certain  normal  tissues,  but  wt^  slia.ll  hav(‘  t.o  considcu*  how 
far  their  action  expilains  the  origin  of  nudigmuit  growths  in  gxuu'ral. 
In  some  instances,  malignant  disease  starts  in  connection  witli  some 
congenital  abnormality,  or  occurs  at  a,  vvvy  curly  p(‘ri()(l  of  lilc.  w'hen 
there  is  no  evidence  that  a  carcinogenic^  agent  is  (‘oncmaicd.  .koi-mcrly 
too  inuch  importance  wris  ascribed  to  (‘ongcmit.a.l  a,bnormalitiies,  but 
there  are  cases  to  be  referred  to  below  wIku'c^  thc\y  play  im.  iniportant 
part. 

There  is,  however,  not  only  the  question  of  the  starlhig  of  a-  malig¬ 
nant  tumour,  but  also  the  question  of  its  subsecpient  bc^haviour.  Wliy 
should  its  growth  be  progressive  and  uncontrolled  ?  Mahgminc.y  may 
be  set  up  by  various  carcinogenic  agents,  but  tlu^sc'.  arx^,  not  pre^sent 
in  the  secondary  growths.  Malignancy  is  maintaimal  ii\  tlu'.  abscuicn 
of  the  exciting  cause.  The  essential  changes  in  malignant  (ulls  must 
therefore  be  enquired  into — ^how  does  a  malignant  call  differ  Irom  a 
normal  cell  ?  There  are  thus  two  cpiestions  which  must  be  kept 
separate  though  they  are  often  confused,  viz.  (a)  the  origin  of  new 
growths — causation  in  the  ordinary  sense— and  (6)  the  nuiintenance 
of  malignancy,  no  matter  how  it  has  been  started,  or  in  other  words, 
the  causation  of  malignant  behaviour. 

The  subjects  to  be  discussed  may  be  conveniently  represented  as 
follows  : 

(A.)  The  Origin  of  New  Growths 

1.  Carcinogenic  agents  and  varying  susceptibility. 

2.  Abnormalities  in  development. 

(B.)  The  Essential  Nature  of  Malignancy/^'' 

1.  The  virus  theory. 

2.  The  theory  of  cellular  change. 

(A.)  The  Origin  of  New  Growths 

(1)  Garcino genic  Agents.  Cancer  research  has  shown  that 
malignant  growth  may  be  started  by  various  disturbing  agents  from 
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outside  t-lie  boclv,  that  is,  by  extrinsic  causes,  aided  by  the  iiecessa.ry 
degree  of  susceptibility.  These  external  agencies  m  a  rule  need  to 
act  for  a  long  time  and  their  general  effect  is  to  cause  reactive  cellular 
proliferation.  Neoplastic  proliferation  is  thus  usually  preceded  by 
non-neoplastic  proliferation,  and  the  stage  during  which  the  latter  is 
going  on  is  often  spoken  of  as  a  precancerous  state.  This  has  now 
been  established  in  the  vast  majority  of  cases,  but  not  in  all,  and  is  of 
great  practical  importance  in  relation  to  the  prevention  of  malignant 
disease.  We  shall  hrst  give  an  account  of  some  clinical  facts  bearing 
on  the  question  and  then  consider  results  of  experimental  work. 

Chronic  Irritation.  It  has  long  been  known  from  clinical 
observation  that  this  may  be  followed  by  malignant  disease.  Thus 
epithelioma  may  be  set  up  in  the  tongue  by  the  irritation  of  a  sharp 
tooth  or  of  a  clay  pipe.  It  also  occasionally  becomes  superadded  to 
lupus,  and  not  infrequently  to  such  a  syphUitic  lesion  as  leukoplakia  of 
the  tongue.  Old  scars  may  become  the  seat  of  sarcoma  or  epitHelioma, 
and  examples  of  the  latter  starting  from  old  sinuses  used  to  be  by 
no  means  rare.  Instances  of  irritation  preceding  the  starting  of  a 
tumour  are  common  also  in  the  glandular  epitlielia,  e.g.  in  the  cer\dx 
uteri  of  miiltiparse  and  the  stomach ;  for  example,  cancer  may 
occasionally  start  in  coimection  with  a  chronic  gastric  ulcer.  The 
irritation  produced  by  gall-stones  has  long  been  recognised  as  tending 
to  produce  cancer,  and  this  is  by  no  means  rare.  In  a  similar  way, 
though  much  more  rarely,  a  calculus  in  the  renal  pelvis  may  give  rise 
to  carcinoma.  The  pelvic  epithelium  may  first  undergo  metaplasia 
into  the  squamous  type,  the  growth  then  being  a  squamous  epithelioma. 
Many  other  examples  of  precancerous  states  might  be  cited  and  the 
only  factor  common  to  them  all  is  the  long  duration  of  the  irritation  ; 
there  is  nothing  to  indicate  that  the  origin  of  the  growth  is  related  to 
the  natur&  of  the  irritant. 

Special  Forms  of  Irritation  or  Stimulation.  Clinical 
observation  furnished  strong  evidence  that  some  forms  of  irritation 
were  specially  prone  to  be  followed  by  cancer.  The  earliest  example 
is  the  chimney-sweeps’  cancer  or  epithelioma,  especially  of  the  scrotum, 
produced  by  the  irritation  of  soot.  The  ova  of  the  BilharziaJ^matobia 
by  irritation  produce  polypoid  vascular  nodules  in  the  wall  of  the 
bladder,  and  this  condition,  which  is  essentially  of  a  reactive  nature, 
may  be  followed  by  malignant  disease.  Accordingly  in  Eg}q)t, 
where  bilharziasis  abounds,  carcinoma  of  the  bladder  is  compara¬ 
tively  connnoii,  though  it  is  now  recognised  that  additional  factors 
are  concerned  because  the  incidence  of  bladder  cancer  in  Egyptians 
is  low  in  relation  to  the  very  large  number  of  persons  infected.  Epithe¬ 
lioma  is  met  with  in  paraffin  "workers  and  in  those  exposed  to  the  action 
of  tar,  pitch  and  certain  mineral  oils,  the  development  of  the  growth 
bein^preceded  by  chronic  dermatitis.  Epithelioma  has  been  observed 
to  occur  in  people  who  have  taken  arsenic  during  a  long  time,  the 
growth  following  hyperkeratosis  produced  by  the  arsenic.  Arsenic 
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(epithelioma  lias  lieeii  met  uitli  also  in  thos(‘  who  w'oi'k  witii  arseni(? 
in  the  prepa.ration  of  sliee|)-(lip,  weed-kil  lor,  etc.  ( tinem-  of  the  bhidder 
has  been  described  as  oeenrring  amongst  aniline-dye  workers  in 
Germany  and  elsew'hei*e  ;  /anaphthylarnine  is  thought  to  be  tlie  sub¬ 
stance  responsible.  The  occurrence  of  epithelioma  tbllowing  exposurt^ 
to  X-rays  is  undoubted,  and,  there  have  been  a  considerable  number 
of  cases  amongst  radiologists.  Here  also  tluu’e  has  usually  Ixhui 
exposure  for  a  considerable  time,  and  tfie  rays  ha.vc‘  a,  [xxailiar  (‘Iha^t 
ill  producing  damage  to  the  tissues,  which  is  long-hist,ing.  Sa,rcomat.a 
of  bone  have  been  observed  among  dial -painters,  tlu^  a.g(Mit  used  being 
luminous  paint  which  contains  radium  and  nu\s()thorimm  ddiese 
metals  are  stored  in.  bone,  which  is  thus  exposed  to  a.ll  ilua'i-  radiations. 

It  is  to  be  noted  that  in  most  cases  malignant  growtli  develops 
in  only  a  very  small  proportion  of  those  who  have  been  exposed  to 
the  irritant,  and  also  that  a  long  period  of  time,  often  ten  years  or 
more,  intervenes  between  the  first  exposure  and  tlie  appearance  of 
the  growth.  And  another  fact  of  importance  is  that  the  growth 
may  occui*  some  years  after  exposure  has  ceased.  Apparently  the 
irritation  causes  some  essential  change  in  the  cells,  which  may,  without 
further  irritation,  result  much  later  in  malignant  neoplasia.  These 
clinical  facts,  taken  as  a  whole,  indicate  that  certain  irritants  have 
a  special  tendency  to  give  rise  to  cancer  and  this  has  been  coinpletely 
established  by  experimental  work. 

The  most  fruitfid  discovery  in  experimental  carcinogenesis  was 
made  by  the  Japanese  workers  Yamagiwa  and  Ichiloiwa,  who  showcxl 
that  the  application  of  tar  to  the  skin  for  a  considerable  period  niiglit 
be  followed  by  the  development  of  epithelioma.  This  result  was  first 
obtained  with  rabbits,  but  subsequent  observations  have  sliown  that 
these  animals  are  relatively  refractory  whilst  mic.e  arc^  s])ecially  sus¬ 
ceptible  ;  this  discovery  led  to  further  advances  of  high  imi)oria,nce. 

.  There  occur  first  of  all  thickening  of  the  epithelium,  ihen  the  fonmitiou 
of  papillomatous  growths  with  thick  cornified  layers,  a,nd  alttu’  a  further 
time  epithelioma  develops  at  the  base  ;  in  some  cas(\s  se(*.ouda!‘y 
growths  developed.  It  is  to  be  noted  that  there  are  c.onsidei'arhh^  varhi- 
tions  in  the  action  of  different  tars,  some  being  relatively  inert.  Malig¬ 
nant  growths  were  produced  in  mice  also  by  arsenic,  pitcfh  a^iul 
numerous  mineral  oils,  both  crude  and  refined  (Leitch),  by  an  etluu-cal 
extract  of  soot  (Passey),  and  hy  tarry  substances  prepared  from 
isoprene  and  acetylene  by  subjecting  them  to  high  temperature 
(Kennaway).  Endeavour  was  then  made  to  isolate  carcinogtuiic 
substances  in  a  pure  state. 

An  important  advance  in  this  direction  was  made  by  the  work  of 
Kennaway  and  his  co-workers  on  the  relation  of  hydrocarbons  to 
tumour  growth.  Of  a  large  number  of  such  compounds  investigated 
it  was  found  that  certain  dibenzanthracenes  and  some  related  com¬ 
pounds  were  active  in  causing  malignant  growths.  Epithelioma  in 
mice  and  sarcoma  in  mice  and  rats  were  readily  produced  by  means 
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of  them  ;  they  have  thus  a  marked  carcinogenic  property.  Peacock 
obtained  similar  results  by  subcutaneous  injection  in  fowls,  sarco¬ 
mata  being  produced  in  a  large  proportion  of  experiments.  The  car¬ 
cinogenic  effect  is  related  to  a  molecular  structure  consisting  of  new 
rings  attached  to  certain  positions  of  an  anthracene  ring  system.  A 
large  number  of  cyclical  compounds  have  now  been  prepared  and 
investigated  ;  some  have  been  found  to  be  carcinogenic  whilst  others, 
closely  allied  chemically,  are  inert.  Of  the  known  carcinogenic  agents 
benzpyrene  and  methylcholanthrene  are  probably  the  most  potent  as 
measured  by  their  effects  on  mice.  The  former,  now  known  to  be 
the  active  substance  in  tar,  when  painted  on  the  skin  of  mice  produces 
epithelioina  almost  invariably.  Another  substance  which  produces 
tumours  in  a  wide  variety  of  sites  when  ingested  over  a  prolonged 
period  is  2-acetyl -aniino-Hu<)rene,  the  carcinogenic  properties  of 
which  were  uncovered  in  a  study  of  its  possible  uses  as  an  insecticide. 
This  carcinogen  has  no  local  effect  at  the  site  of  application  to  the 
skin,  but  enough  may  he  absorbed  to  produce  tumours  in  internal 
organs  as  in  the  feeding  experiments.  In  the  male  these  are  chiefly 
hepatic ;  in  the  female,  mammary ;  but  growths  in  thyroid,  uterus, 
intestine  and  other  organs  have  been  observed,  especially  when  the 
effects  of  the  carcinogen  are  potentiated  by  sul)stances  which  lead 
to  increased  functional  activity  of  the  organ,  e.g.  thiourea,  mstrogens, 
etc. 

Browning  discovered  a  styryl  quinoline  compound  which  is  very 
effective  in  producing  sarcoma  in  mice.  The  dye  administered  in 
solution  becomes  precipitated  in  the  tissues  and  is  then  ingested  by 
phagocytes.  x4fter  a  stage  of  reaction  on  the  part  of  the  tissues 
lasting  a  considerable  time,  sarcoma  develops  and  this  is  transmissible. 
This  observation  is  important  in  showing  that  the  carcinogenic  property 
does  not  belong  exclusively  to  the  polycycHcal  compounds  mentioned 
above. 

The  carcinogenic  hydrocarbons  are  not  irritants  in  the  ordinary 
sense  and  their  activity  has  been  ascribed  to  a  special  capacity  to 
stimulate  growdh.  Haddow  claims,  however,  from  a  study  of  the 
growth  rate  of  young  animals  and  of  transplanted  tumours  after 
administration  of  large  doses,  that  the  primary  result  is  a  retardation 
and  inhibition  of  cellular  growth.  He  regards  the  carcinogenic  effect 
as  a  cellular  mutation  to  escape  from  this  inhibition.  Retardation 
of  gi-owth  may,  however,  be  merely  the  expression  of  a  general  toxic 
property  with  impairment  of  nutrition,  and  the  effects  on  general 
growth  can  be  closely  mimicked  by  partial  starvation.  In  the  various 
examples  given  above,  a  remarkable  fact  is  that  the  tumour  appears 
within  a  comparatively  definite  time  in  a  large  proportion  of  instances. 
In  the  case  of  the  lower  animals  mentioned,  it  is  a  matter  of  months — 
a  relatively  long  period  in  the  life  of  an  animal ;  whilst  in  the  human 
subject  it  appears,  from  clinical  facts,  to  be  about  as  many  years. 
It  is  noteworthy,  too,  that  different  species  of  animals  show  marked 
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variations  in  susceptibility  to  such  agents.  Whilst  epithelioma  can 
be  produced  readily  in  mice,  rats  and  guinea-pigs  have  a  high  degree 
of  immunity.  The  different  tissues  also  vary  in  susceptibility,  and  an 
interesting  example  of  this  is  afforded  by  the  fact  that  sarcoma  can 
be  produced  in  the  rat  by  subcutaneous  injection  of  tar,  etc.,  althougli 
it  is  hardly  possible  to  set  up  a  cutaneous  carcinoma  in  this  animal 
by  this  means. 

The  mode  of  action  of  the  carcinogenic  hydrocarbons  is  still 
obscure  but  it  seems  probable  that  they  become  attached  in  some  way 
to  the  intracellular  enzyme  systems  and  persist  there  for  long  periods. 
This  may  bring  about  a  profound  change  in  the  metabolism  and 
character  of  the  cells.  It  is  remarkable  that  when  these  substances 
undergo  biological  oxidation,  the  end-products  show  tliat  oxidation 
takes  place  at  positions  in  the  molecule  other  than  those  usually 
attacked  by  chemical  oxidations  i7i  vitro.  ‘  Probably  the  explanation 
lies  in  the  immobilisation  of  the  more  active  centres  by  ahsoi'ption 
on  the  enzymes  required  for  biological  oxidation  ’  (Cook).  This  may 
help  to  explain  why  different  chemical  substances  affect  the  tissues 
with  remarkable  specificity,  e.g.  the  carcinogenic  action  of  certain  azo 
compounds  on  the  liver  {vide  infra),  and  also  why  a  substance  actively 
carcinogenic  in  one  animal  species  may  be  almost  devoid  of  action  when 
applied  to  the  same  tissues  of  other  species. 

Relation  of  Hormones.  Cook  and  Dodds  showed  in  1933  that 
dibenzanthracene  and  some  related  hydrocarbons  had  the  property 
of  changes  of  cestrus  in  mice,  and  since  that  time  the 

number  of  such  substances  has  been  increased.  There  was  thus 
established  the  important  fact  that  oestrogenic  and  carcinogenic 
properties  may  be  possessed  by  the  same  chemical  substance.  It  has 
also  been  shown,  first  by  Lacassagne,  that  oestrone  produces  in  the 
mamma  of  male  mice  changes  which  may  be  followed  by  malignancy ; 
this  is  especially  so  in  strains  of  cancer- susceptible  mice,  in  which, 
however,  spontaneous  cancer  of  the  male  breast  hardly  ever  occurs 
(Fig.  177).  Injections  of  oestrone  also  raise  the  incidence  of  cancer 
in  female  mice,  especially  those  of  high-tumour  strains.  The  changes 
produced  by  oestrone  are  chiefly  new  formation  and  dilatation  of 
ducts  with  hyperplasia  of  epithelium,  also  formation  of  acini,  these 
changes  being  followed  in  some  instances  by  malignant  proliferation. 
These  facts  are  especially  interesting  inasmuch  as  corresponding 
changes  are  often  present  in  the  human  female  breast  as  an  antecedent 
to  cancer,  but  at  present  one  cannot  say  to  what  extent  disordered 
hormonal  action  is  concerned  in  carcinogenesis  in  the  human  subject. 
It  is  to  be  noted  that  oestrone  does  not  exert  its  action  locally  as  in 
the  case  of  carcinogenic  agents  in  general  but  on  the  tissue  of  the 
mamma  which  is  specifically  sensitive,  being  carried  to  it  by  the 
blood  stream.  A  wide  and  an  important  subject  has  thus  been 
opened  up,  but  the  interpretation  of  the  experimental  production  of 
mammary  cancer  in  mice  by  means  of  oestrogens  is  rendered  more 
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complex  by  Bittner’s  discovery  of  the  so-called  milk  facipr  (p.  272). 
Though  certain  substances  are  both  oestrogenic  and  carcinogenic 
there  is  no  definite  relation  between  the  two  properties  on  a  chemical 
basis.  Various  carcinogenic  hydrocarbons  are  chemically  related  to 
the  sterols,  e.g.  ergosterol,  and  to  the  sex  hormones,  and  nmthyl- 
cholanthrene  has  been  prepared  from  desoxycliolic  acid  and  from 
cholesterol.  It  has  been  suggested  that  carcinogenic  substances  may 
be  produced  from  sterols  within  the  body  under  various  conditions, 
but  so  far  this  is  a  matter  of  speculation,  and  attempts  to  recover 
such  substances  from  the  tissues  have  been  unsuccessful. 
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Fig  177.— Carcinoma  of  mamma  in  male  mouse  produced  by  repeated  injections 
of  cestrone.  The  carcinoma  cells  are  growing  in  solid  masses. 

(rrom  a  preparation  kindly  lent  by  Dr.  A.  Lacassagne.) 


Radio-active  substances,  though  less  used  in  experimental  -srork, 
have  been  conclusively  shown  to  give  rise  to  malignant  growths. 
Radium,  mesothorium  and  thorotrast  are  all  active  when  stored  in  the 
tissues  and  the  resulting  growths  have  been  chiefly  sarcomata, 
also  a  considerable  time  must  elapse  before  malignancy  results.  Ihe 
evidence  obtained  from  clinical  cases  has  thus  been  complete  y 

substantiated.  .  . 

Although  the  malignant  growths  produced  by  carcmogemc  agente 
have  essentially  been  those  of  the  connective  tissues  and  epithelia 
most  active  in  repair,  success  has  also  been  attained  with  eertam  o 
the  more  specialised  tissues — for  example,  mamina,  liver,  lungs, 
bladder  and  probably  also  the  stomach.  The  production  of  carcinoma 
of  the  mamma  by  oestrogenic  substances  has  already  been  referred  to, 
and  wUl  be  further  discussed  below.  Another  interesting  result  has 
been  obtained  by  Seligman  and  Shear  who  inserted  pellets  of  met  y  - 
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cholaiitlirene  into  the  brain, s  of  mice  and  found  that  gliomas  developed 
in  a  certain  proportion  of  cases. 

Carcinoiiia  of  the  liver  was  first  produced  by  Yoshida,  h\^  feeding  to 
rats  on  a  rice  and  carrots  diet  the  azo-compound  o-aanido-azo-toluene, 
and  later  the  dye  "butter-yellow  ’ — ^^>-(lirnethyl-a.niiiK)a,z()l)enz(‘ne — -was 
found  to  be  even  more  active.  The  growlhs  a.risc^  either  from 
liver  cells  or  from  bile-duct  epithelium.  Sucli  substances  ])r()(lucc^  a 
gradual  destruction  of  liver  cells  followed  by  hyp('rpla,stic.  pi'()lif(M-a,th.)n 
of  surviving  liver  cells  which  at  places  j)asses  into  ma.Iigmint  nc^ophisia 
(Fig.  178).  In  the  experimental  animals  dietary  su])j)lements  of 
proteins,  yeast  and  especially  of  riboflavin  diminish  tlu‘  fr(U|U(Mu*-y 
of  tumour  formation  and  biotin  increases  it,  but  tlie  ini  eraal-ion  oi  tlu^ 
various  constituents  of  the  diet  is  very  complex.  Sine(‘  th(‘  cluuigr^s 

are  closely  simihir  to  i/hos(‘  seen 
in  the  human  subject  in  the 
development  of  liver-cell  car¬ 
cinoma  in.  the  hypertropliic  areas 
in  cirrhosis,  the  influence  of  diet 
becomes  significant  in  peoples 
among  whom  liver  cancer  is 
common,  e.g.  in  Soi:ith  Africa 
among  the  Bantu,  a,nd  in  the  Ear 
East,  where  cirrhosis  and  primary 
cancer  are  coincident  with  poor 
nutritional  conditions.  It  is  also 
an  indication  of  the  need  firr 
care  in  the  selection  of  dyes  to 
be  used  for  the  coloration  of 
foodstuffs.  No  doubt  fui'ther 
success  will  be  obtained  in  tlu^ 
case  of  other  tissi:,ies  and  organs, 
but  the  results  alia^ady  ol)ta,ined 
demonstrate  how  important  may  he  the  part  playcal  by  jibysica,!  and 
chemical  agents  in  the  development  of  human  malignant  disease. 
There  are,  however,  forms  of  neo|)lastic  growths,  especially  those  occur¬ 
ring  in  the  early  periods  of  life  about  whose  etiology  we  have  no  definite 
knowledge. 

Trauma,  This  has  been  a  much  debated  question.  In  cases  of 
tumoiirTfLe  history  of  a  blow  on  the  partis  not  infrequently  obtained, 
but  there  are  sources  of  fallacy.  A  blow  or  slight  injury  may  be  the 
occasion  of  calling  attention  to  a  tumour  already  in  existence  ;  or  the 
patient,  noticing  a  swelling,  thinks  that  there  must  have  been  a  blow, 
tries  to  remember  one,  and  often  succeeds.  The  situations  in  which 
tumour  is  said  to  be  most  frequently  set  up  by  injury  are  the  mamma, 
the  testicle  and  the  bones  ;  and  it  is  stated  by  supporters  of  traumatic 
origin  that  the  injury  needs  to  be  pretty  severe.  Sarcoma  is  supposed 
to  start  occasionally  in  connection  with  a  fracture  of  bone,  and  some 
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Fig.  178. — Hepatoma  experimentally 
produced  in.  liver  of  mouse.  (Prof. 
Kennaway.)  X  80. 
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consider  that  this  is  a  not  infrequent  occurrence,  but  it  seems  that, 
in  the  great  majority  of  cases,  it  is  more  likely  that  a  tumour  already 
present  has  weakened  the  hone  and  that  some  sudden  strain  or  injury 
had  led  to  fracture.  In  the  world  wars  there  were  many  thousands 
of  fractures,  but  we  are  unaware  that  there  is  any  evidence  of 
increased  incidence  of  sarcoma.  In  the  iiiaiiima,  intraduct  carci¬ 
noma  is  by  no  means  rare,  and  it  seems  to  us  that  an  injury  might 
lead  to  rupture  of  the  wall  of  a  duct  and  thus  allow  the  escape 
of  the  proliferating  cells  ;  an  ordinary  infiltrating  carcmoma  would 
then  result.  In  a  similar  way  potentially  malignant  cells,  say  in 
a  teratoma  of  the  testis,  might  be  stimulated  into  malignant  prolifer¬ 
ation.  Whilst  the  possibility  that  a  trauma  may  give  rise  to  tumour 
in  such  circumstances  cannot  be  denied,  we  have  httie  doubt  that  this 
is  a  much  less  common  occurrence  than  is  generally  supposed,  hindlay 
has  shown  that  epithelioma  occasionally  arises  as  the  result  of  a 
single  application  of  hot  tar  to  the  skin  of  the  mouse,  the  growth 
appearing  several  months  later  ;  and  examples  of  corresponding 
nature  have  occasionally  been  recorded  in  the  human  subject.  But 
so  far  as  we  can  find,  tumour  growth  has  never  been  produced  experi¬ 
mentally  by  a  single  mechanical  injury. 

Rdations  to  Age.  Tumours  occur  at  all  periods  of  life,  but  are 
commoner  in  the  later  periods.  This  is  especially  the  case  'with 
carcinomata,  which  usually  occur  in  late  adult  life.  But  while  this 
is  the  rule,  their  appearance  in  earl}^  adult  life  or  in  childhood  is 
not  so  exceptional  as  is  generally  supposed.  Sarcomata  are  often  said 
to  be  commoner  in  young  subjects,  though  certain  statistics  show 
that  they  also  are  more  frequent  in  the  later  periods.  Osteogenic 
sarcoma,  however,  is  comparatively  rare  after  the  age  of  thirty.  A 
few  varieties  of  malignant  growd-h,  whose  origin  is  apparently  based 
on  an  abnorniality  in  development,  such  as  nephroblastoma,  sym- 
pathicoblastoma,  etc.,  are  met  with  especially  in  children,  and  it  is 
likely  that  some  sarcomata  may  have  a  similar  origin.  Nevertheless, 
the  starting  of  a  tumour  in  connection  vith  a  congenital  abnormality 
may  not  occur  till  a  late  period  ;  the  development  of  a  melanotic 
gi’owth  from  a  pigmented  mole  may  be  taken  as  an  example.  The 
tendency  for  malignant  grovdhs,  especially  carcinomata,  to  occur  late 
in  life  is  often  interpreted  as  due  to  a  special  tendenc}^  on  the  part 
of  the  cells  at  that  period  to  take  on  malignant  properties,  and  it  is 
sometimes  described  as  being  connected  vith  senescence  of  the  cells. 
Leitch,  however,  made  the  important  observation  that  the  experimental 
production  of  epithelioma  in  mice  by  the  application  of  tar  occurs 
just  as  readily,  and  in  as  large  a  proportion  of  cases,  in  young  as  in 
old  animals.  ^  He  found  also  that  when  the  application  of  tar  is  stopped 
before  a  growth  has  developed,  malignant  disease  may  appear  at  a 
later  period.  There  is,  accordingly,  the  likelihood  that  the  more 
frequent  incidence  of  cancer  in  the  later  periods  is  due  mainly  to  the 
fact  that  the  cells  have  been  subjected  to  the  known  or  unknown 
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cancer-producing  agent  foi‘  the  long  time  that  would  appear  to  be 
necessary  to  make  manifest  its  effects.  Chronic  catai-rh,  irix^gulnr 
cuowth  of  epithelium,  healed  ulcers,  etc.,  all  become  more  (u)mmoii 
as  life  goes  on,  and  to  this  fact  the  more  frecpient  occiirreiice  of  c;a.ncer 
in  the  later  years  is  mainly  due. 

Adjovant  Causes— Varying  Susceptibility  and  Heredity. 
The  fact  that  among  a  number  of  individuals  exposed  to  a  carcinogenic 
agent  malignant  disease  affects  only  a  small  proportion  suggests  the 
importance  of  varying  susceptibility,  and  this  is  completely  established 
by  experiments  on  animals  where  the  conditions  can  be  definitely 
controlled.  So  far  as  the  origin  of  a  malignant  growth  is  concerned, 
we  may  say  that  two  chief  factors  are  concerned,  viz.  {a)  the  carcino¬ 
genic  agent  coming  from  outside  and  (6)  the  susceptibility  of  the 
tissue  ;  and  the  proportion  in  which  these  two  factors  are  concerned 
varies  in  different  instances.  An  important  question  witli  regard  to 
the  human  subject  is  to  what  extent  susceptibility  may  be jxcgwked, 
hut  on  this  subject  little  is  known  as  yet.  It  is,  however,  likely  that 
such  states  as  vitamin  deficiency,  endo(‘riue  disturbance,  el,c.,  may 
he  effective.  Some  such  conditions,  howcvcw  in  themsc^lvc's  b^ad  to 
structural  changes  which  may  be  ])re(uuK'erous.  Tlu^  o(‘.curr(m(‘('  of 
post-cricoid  cancer  in  the  Plummer- Vinson  syndrome  is  an  example 
of  this. 

Statistical  observations  on  lieredAMj^  have  been  carried  out  on.  mice, 
and  suggestive  results  were  at  first  obtained.  For  exa,mple,  Miirray 
found  that  the  occurrence  of  spontaneous  nmnnmny  ca,nc(u*  in  mic.(‘ 
was  more  common  when  there  was  a  history  of  this  grow'ih  in  th('. 
ancestry  of  the  animals  than  when  this  was  absent.  Kxttmsive  obser¬ 
vations  carried  out  by  Maud  Slye  in  America  give  tlic  sanu^  result. 
By  inbreeding  amongst  tumour-bearing  mice  it  has  bcaui  found 
possible  to  obtain  stocks  in  which  the  natural  incldeiuH^  of  various 
tumours  is  greatly  raised.  In  some  strains  spontanc'ous  nuimnuiry 
tumours  occur  in  more  than  seventy  per  cent,  of  the  females,  the 
majority  of  the  growths  being  adenocarcinomata,.  This  wa,s  al,  fh\st 
interpreted  as  the  result  of  hereditary  (chroinosomal)  iuducnces,  until 
further  studies  on  hybrid  mice  rendered  this  explanation  unli(mahle. 

The  observed  facts  were  clarified  by  the  work  of  Bittncu*,  who 
•showed  that  a  cancer- producing  influence  is  contaimal  in  tlu^  milk. 
By  mating  mice  of  high  cancer  strain  with  those  of  low  cianc*.cr  strain 
it  was  shown  that  the  offspring  had  a  high  cancer  incidence  only  when 
the  mother  was  of  high  cancer  strain,  and  suckled  them,  whereas 
when  the  father  was  of  high  cancer  strain  and  the  mother  from  the 
low  cancer  strain  the  offspring  did  not  develop  mammary  cancer. 
Since  the  offspring  in  these  two  matings  must  be  genetically  almost 
identical  it  is  clear  that  the  susceptibility  to  cancer  in  this  case  is  not 
genetically  determined  and  cannot  be  transmitted  on  Mendelian 
principles.  Further  work  has  shown  that  the  milk  factor,’  as  it  is 
now  called,  is  a  particulate  agent  of  minute  size, That  it  is  present 
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in  many  of  tlie  organs  and  tissues  of  mice  carrying  it  as  well  as  in  the 
milk,  and  that  its  effect  on  the  young  mice  shows,  within  limits,  a 
quantitative  relationship  between  the  amount  of  milk  factor  ingested, 
the  time  of  ingestion  and  the  frequency  of  iiiaiiiniary  cancer  in  the 
offspring.  The  effects  of  milk  factor  are  strictly  organ-  and  species- 
specific  and  nothing  analogous  has  been  shovm  to  exist  in  other  mouse 
tumours  in  inbred  strains  or  in  other  aniinals  ;  in  them  chromosomal 
hereditary  factors  nia}^  be  significant.  The  milk  factor  is  able  to 
exercise  its  effect  only  in  inainmary  tissue  which  is  subjected  to  the 
influence  of  oestrogenic  hormones,  and  the  development  of  inaiiimar}" 
cancer  can  be  prevented  by  castration  of  the  young  mice  but  suscepti¬ 
bility  is  again  induced  by  administration  of  oestrogen.  The  nature 
of  the  milk  factor  is  still  obscure,  but  it  appears  to  have  the  general 
characters  of  a  small  virus. 

To  what  extent  a  hereditarily  transmitted  susceptibility  plays  a 
part  in  the  human  subject  is  an  important  question,  but  one  which 
can  be  only  imperfectly  answered.  Nevertheless  certain  facts  are 
known.  Various  clinical  observers  have  been  convinced  that  cancer 
tends  to  run  in  families  and  this  belief  has  to  an  extent  been  confirmed 
by  recent  enquiry.  Statistical  observations  in  Norway  and  Holland 
show  that  in  the  case  of  cancer  of  the  m^ma,  uterus  and  prostate, 
there  is  a  distinct  family  incidence,  cancer  in  these  organs  being  more 
frequent  in  the  relatives  of  those  who  have  had  the  disease  than  in 
the  general  population.  It  must  be  noted  that  the  inborn  suscep¬ 
tibility  applies  to  cancer  of  a  particular  organ  and  not  to  cancer  in 
general.  The  same  fact  has  been  established  experimentally.  For 
example,  mice  of  a  strain  with  high  incidence  of  mammary  or  hepatic 
cancer  show  no  increased  susceptibility  to  skin  cancer.  It  may  be 
added  that  in  cancer  of  the  c^n  in  the  human  subject  secondary 
to  pol3q)osis,  retinobl^oma,  neuro-fibromatosis,  xerod^ma  pigment¬ 
osum,  etc.,  hereditary  influence  is  well  marked.  With  regard  to 
the  question  as  a  whole,  however,  knowledge  is  still  ver\"  deficient. 
From  the  point  of  view  of  prevention,  the  elimination  of  external 
carcinogenic  agents  is  certainly  all-important. 

(2)  Abnormalities  in  Development 

The  relationship  of  such  abnormalities  to  the  origin  of  tumours 
was  especially  brought  into  prominence  by  Cohnheim,  who  pointed 
out  that  in  the  course  of  development  groups  of  cells  might  be 
separated  or  dislocated  from  their  normal  relationships,  and  exist 
in  a  dormant  condition  as  ‘rests.’  Such  displaced  cells  do  not  carry 
out  their  normal  functional  activity,  and  he  beheved  that  from  them 
tumours  often  take  origin.  This  view  was  afterwards  extended  by 
Ribbert  to  groups  of  cells  which  might  become  displaced^  in  extra- 
uterine  life  by  trauma  or  disease.  That  ‘  rests,  in  Cohnheim  s  sense, 
are  of  common  occurrence  is  certain,  but  it  is  not  possible  to  say  with 
what  frequency  tumours  arise  from  them.  Such  displaced  cells  may 
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be  portions  of  adrenal,  thyroid,  pancreas,  gastric  or  intestinal 
epithelium,  etc.,  and  are  often  spoken  of  as  ‘  luTerptopi  as  ’  (Fig. 
179).  The  cells  are  often  differentiated  in  ty])e  and  a  tumour 
arising  from  them  would  not  be  distingnishahle  from  one  taking 
origin  from  the  normal  tissues.  In  some  cases,  however,  the  origin 
of  a  tumour  from  a  congenital  abnormality  can  actually  be  traced  ; 
in  other  cases  it  can  be  inferred  from  the  position  in  which  it  occurs, 
for  example,  a  carcinoma  originating  in  a  site  where  normally  there 
is  no  epithelium  ;  in  other  cases  again  from  the  structure  of  the 
growth.  The  presence  of  nsey.us  cells  under  the  epithelium  in  the 
ordinary  mole  of  the  skin  has  already  been  described  (p.  247)  and 
from  them  tumours  not  infrequently  arise.  Tumours  take  origin 

also  from  persistent  foetal 
structures  which  normally  be¬ 
come  obliterated,  for  example, 
growths  in  connection  with 
the  female  genital  tract  from 
ducts  and  tubides  which  nor¬ 
mally  disappear,  tumours  at 
the  base  of  the  brain  from 
the  remains  of  the  naso¬ 
pharyngeal  pouch  (Kat.hkc'), 
chordoma  from  the  notocliord 
(p.  257),  etc.  We  believe  also 
that  adenomata  in  liver, 
adrenab  etc.,  often  arise  from 
displaced  cells  ;  and,  further, 
there  is  the  whole  group  of 
more  complicated  growths, 
including  the  teratomata, 
which  are  the  result  of  abnor¬ 
malities  in  development  and 


Fig.  179.- 


■Adrenal  rest  on  surface  of 
kidney. 

Capsule  of  the 


The  adrenal  tissue  is  seen  above, 
kidney  is  partly  interrupted,  x  60. 


from  which  true  tumours  sometimes  arise. 

In  certain  cases,  rapidly  growing  malignant  tumours  take  origin 
from  the  cells  met  with  only  in  the  embryo  or  foetus.  For  example, 
in  the  not  uncommon  malignant  tumour  of  the  kidney  in  children 
(p.  260),  the  cells  can  be  seen  to  be  differentiating  into  various 
tissues,  and  they  represent  multipotent  embryonic  cells  (p.  262).  So 
also  the  sympathicoblastoma  is  derived  from  the  neurohlasts  whicli 
grow  out  and  form  the  sympathetic  system .  In  the  central  nervous 
system,  tumours  may  arise  from  congenital  abnormalities  of  the 
neuroglia,  and  it  is  possible  that  gliomata  usually  arise  in  this  way. 

It  is  to  be  noted,  however,  that  such  displaced  cells  and  tissues 
frequently  occur  without  any  development  of  a  true  tiimour,  and, 
accordingly,  just  as  in  the  case  of  adult  tissues,  there  must  here  be  some 
additional  cause  which  determines  the  origin.  Embryonic  tissues  are 
sometimes  spoken  of  as  if  they  resembled  tumours  in  their  growth, 
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but  the  only  similarity  consists  in  the  relative  rapidity  in  the  two 
cases.  The  developing  tissues  of  the  embryo  and  foetus  are  Just  as  fully 
controlled  in  relation  to  one  another  as  are  those  of  the  adult.  They 
do  not  possess  in  any  way  the  power  of  uiirestraiiied  and  independent 
growth  characteristic  of  tumours.  It  is  possible  that  cells  or  tissues 
displaced  either  during  intra-  or  extra-uterine  life  more  readily  take 
on  neoplastic  proliferation,  perhaps  from  lack  of  functional  activity  ; 
but  it  is  not  justifiable  to  ascribe  more  to  such  displacements.  They 
do  not  at  all  explain  the  great  alteration  in  the  habits  of  the  cells 
when  they  assume  malignant  characters.  That  this  alteration  may 
occur  in  cells  at  an  early  stage  of  their  development  is  the  most 
important  fact  in  connection  with  this  aspect  of  the  subject  :  but, 
so  far  from  throwing  light  on  the  origin  of  neoplastic  change,  it  rather 
increases  the  difficulty. 


(B.)  Causation  of  Malignant  Growth  in  General  : 

The  Essential  Nature  of  Malignancy 

The  features  of  malignant  growths — their  uncontrolled  growth, 
infiltration,  formation  of  metastases — ^have  already  been  described 
and  have  now  to  be  considered.  It  is  essential  to  bear  in  mind  that 
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Fig.  180. — Cultures  of  tumours  in  vitro. 

A,  Spindle-cell  sarcoma,  b,  Carcinoma  of  mouse.  (Dr.  A.  H.  Drew.) 

malignancy  may  affect  any  variety  of  cells  capable  of  piolifeiation 
and  may  occur  at  any  age.  Malignancy  is  so  characteristic  that  we 
assume  for  the  present  that  it  depends  upon  one  essential  cellular 
change,  no  matter  how  it  has  originated,  and  this  change^  iiiust  be 
present  in  the  metastases,  quite  apart  from  the  original  exciting  cause. 
Malignant  cells  can  he  cultivated  outside  the  body  (Fig.  180)  just  as 
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normal  cells  can,  and  behave  iiiiich  in  the  same  way,  but  the  former 
when  reintroduced  into  a  suitable  animal  show  a, gain  their  invasive 
properties,  whereas  the  latter  simply  iindergo  atrophie  change. 

Tliere  are  now  two  main  theories  in  explanation  ol  tlris  cliaracter- 
istic  feature  of  malignancy  : — 

(a)  One  is  that  the  maintenance  of  inalignancy  is  due  to  the  presence 
of  a  living  organism  or  parasite.  This  is  a  tlieory  of  old  standing 
and  from  time  to  time  various  organisms,  bacteria,  protozoa,  etc., 
have  been  put  forward  as  the  cause  of  malignant  growth  in  general. 
None  of  these  has  stood  the  test  and  it  is  now  accepted  that  there  is 
no  causal  organism  in  malignant  cells  which  can  be  seen  by  the  micro¬ 
scope.  Thus  if  parasite  there  be  it  must  be  ultra-microscopic,  that 
is,  a  virus.  The  parasitic  theory  has  thus  become  the  virus  theory. 

It  implies  that  malignajit  proliftMut.ion  is  mcMX'ly  coiitvinued  reactive 
proliferation  due  to  the  prc'S(m(*(‘  ol  an  oigjinisin  It  the  organisms 
were  removed  or  destroyed,  the  pi'oliferatioii  would  stop. 

(b)  The  other  is  that  malignancy  ck‘.p(uids  on  some  radical  and 
permanent  change  in  the  biological  mechanism  of  the  celT concerned, 
this  being  evidenced  by  the  characters  above  mentioned  and  being 
continued  in  successive  generations  of  cells.  We  may  call  it  the  theory 
of  cellular  change.  These  two  theories  may  now  be  considered. 

(1)  The  Virus  Theory.  This  theory  implies  that  the  various 
carcinogenic  agents  above  described  do  not  by  themselves  produce 
mahgnant  change  in  cells  but  merely  set  up  a  precancerous  prolifer¬ 
ation  which  only  passes  into  the  malignant  stage  when  a  virus  is 
superadded.  In  the  evolution  of  this  theory  the  study  of  certain 
tumours  in  the  lower  animals,  especially  in  fowls,  has  played  an 
important  part,  and  these  will  first  be  referred  to. 

Up  till  1911  it  had  been  found  possible  to  transmit  a  malignant 
growth  only  by  means  of  the  living  cells  of  the  tumour,  that  is,  by 
transplantation,  and  only  from  one  animal  to  another  of  the  same 
species.  In  that  year,  however,  Peyton  Rous  described  a  spindle - 
cell  sarcoma  in  the  domestic  fowl,  which  could  be  transmitted  by  a 
cell-free  filtrate  of  an  extract  of  the  growth  and  also  by  the  dried 
tumour  cells.  The  tumours  thus  produced  present  the  distinctive 
character  of  specificity  manifested  by  the  tumours  which  are  trans¬ 
missible  by  living  cells  only.  Rous  subsequently  found  an  osteo¬ 
chondrosarcoma  which  presented  similar  properties,  and  another 
spindle-cell  sarcoma  which  was  transmitted  by  cell-free  filtrate  but 
not  by  dried  cells.  Other  growths  with  corresponding  characters 
have  been  obtained  from  the  fowl  by  other  observers.  Fujinami 
obtained  from  a  fowl  a  filterable  tumour  which  is  transmissible  to 
ducks  ;  and  Andrewes  found  that  pheasants  also  are  susceptible. 
But  this  does  not  affect  the  general  significance  of  what  has  been 
said  above  with  regard  to  specificity.  The  striking  fact  accordingly 
is  the  association  of  the  pathogenic  activity  of  the  filterable  agent 
with  its  relatively  specific  properties  as  regards  both  the  aninial 
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susceptible  and  the  characters  of  the  tumour  to  which  it  gives  rise. 
It  must  be  clearly  recognised  that  the  filterable  agent  is  in  quite  a 
different  category  from  the  carcinogenic  agents.  It  differs  from  the 
latter  in  starting  a  new  growth  almost  at  once  and  especially  in  being 
present  throughout  the  growth  and  increasing  in  amount  as  the  growth 
increases. 

Up  to  the  present  the  fowl  tumours  which  can  be  transmitted  by  a 
cell-free  filtrate  have  originated  from  connective  tissue  cells  or  from 
cells  of  the  leucocyte  class.  Nearly  all  have  been  of  the  type  of 
sarcoma,  although  endothelioma  has  also  been  observed  :  none  has 
been  of  epithelial  origin. 

An  important  question  is  whether  a  tumour  artificially  pro¬ 
duced  in  a  fowl,  say  by  dibenzanthracene,  contains  a  filterable  virus. 
Positive  results  have  been  reported  by  McIntosh  but  confirmation 
is  still  required.  The  results  of  extensive  observation  by  others  have 
been  negative. 


The  work  of  Gye,  to  which  much  attention  has  been  drawn  in  recent  years, 
consisted  in  the  first  place  of  a  further  analysis  of  what  we  may  call  the  infecti\  e 
agent  ui  the  Rous  sarcoma  and  his  fundamental  conclusion  that  tw'o  elements 
or  factors  are  concerned.  One  of  these  corresponds  in  its  properties  to  a  living 
virus,  the  other  to  a  thermolabile  chemical  substance.  The  chemical  factor  was 
believed  by  him  to  be  peculiar  to  the  Rous  sarcoma,  carrying  the  specificity, 
as  it  w^ere,  and  was  therefore  spoken  of  as  the  ‘  specific  factor  ’  ;  while  the  virus 
is  common  to  tumours  of  different  kinds.  The  specific  factor  is  supposed  to 
have  the  property  of  so  changing  a  normal  cell  or  breaking  down  the  defences 
of  the  cell,  that  the  virus  is  allowed  to  act  and  set  up  neoplastic  proliferation. 
So  far,  n-yft’s  view  as  to . the  dual  nature  of  the  filterable  agent  has  not  been 


established.  ^  ,  x  -j.  +  -u 

If  the  filterable  agent  causing  new  growth  is  not  of  dual  nature  it  must  be 

either  a  virus  or  a  chemical  substance  corresponding  to  Gye’s  specific  factor. 
Probably  the  majority  of  workers  in  this  field  regard  the  filterable  agent  as  a 
vii-us  ;  others,  however,  hold  that  it  is  a  chemical  substance,  the  product  ot 
cells.  Amongst  the  latter  is dVha^ihy,  who  has  applied  to  it  the  term  “trans¬ 
missible  mutagen,’  the  term  indicating  that  it  produces  a  definite  nuclear  change 
which  is  thereafter  hereditarily  transmitted.  It  is  to  he  noted  m  tins  connection 
that  nothing  is  known  with  regard  to  the  origin  of  tumours  of  the  Rous  sarcoma 
type.  There  is  no  evidence  that  in  the  natural  condition  the  disease  passes 
from  animal  to  animal  as  occurs  in  infection.  In  fact  it  cannot  be  said  definitely 
that  the  filterable  agents  come  from  an  extraneous  source.  , 

Another  growth  extensively  studied  in  connection  with  the  vims  timory  is 
the  infectiva^pilloma  of  cotton-tail  rabbits  in  America,  first  described  by 
Shope./  This  is  a  vims  disease  which  passes  from  animal  to  animal  in  the  natural 
sSte  W  can  be  readily  transmitted  by  scarification.  Rous  showed  that  when 
a  portion  of  the  growth  is  transplanted  into  the  mterior  of  the  body  of  a  normal 
raLit  an  infiltrating  squamous  epithelioma  may  result,  men  papillomata  are 
induced  in  the  domestic  rabbit  by  this  virus,  malignant  transformation  with 
metastases  is  not  uncommon,  but  wus  can  no  longer^  be  recovered  ^omkhe 

malignant  cells.  Later  Rous  made  an  additional  striking  obsemafe^^^  men 

a  rabbit’s  ear  is  painted  with  tar  epithelioma  does  not  result,  but  if  after  a  suitable 
interval  the  Shope  vims  is  injected  into  the  circulation  an 

at  the  site  of  application.  The  wms  cannot  be  demonstrated  in  the  epithehoma 
hut  certain  immunological  reactions  indicate  that 

this  were  so  it  would  not  be  justifiable  to  conclude  that  if  the  virus  were  destroy  ed 
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tlu.  nuai''iiai.l.  fii-owlh  w.aiM  tci  pi'o<irass.  Kous  li.-ld  ll.al-  Mu'  vims  is 

till,  iliivid  caiisr  of  Ui<-  inaliKiiaiivy  uliik-  ol.licrs  coiikk Icr  Uiai  wc  lia.vo  l.o 

do  willi  tlio  <•(>llll>illod  cRW-ls  oC  l.wci  .■aivinoKOiiic.  a.ooiil.s  winch  mcri'ly  sl.iirl,  I, ho 
mahoiiiuicv.  Ill  aiiv  case  wo  have  ho  doal  wil.h  a,  .s/icci./ic  rims  oomiiifr  Iroiii 
oiihshlo  I  ho  lK„lva.ii.i  it  isdiiriciU,  to  apply  tho  ra<-ts  to  the  virus  tliooiy  iii  Hoiioral. 
4  soiiiowhat  siinilar  rosiilt  with  ■■oKai'd  to  tho  comluiiod  action  ol  tar  and  tho 
Shopo  lihroina  vims  has  liooii  olitaiiiod  by  Andivwos  and  othors. 


An  objection  to  the  acceptance  of  the  virus  causation  oi  nutininalia,n 
tumours  in  general  is  the  consistent  failure  to  propagate  tliein  by 
means  of  cell-free  filtrates.  With  the  e-Kcciition  of  some  of  the 
papillomata  of  cutaneous  and  mucous  surhtces  no  tnammalian  tumour 
has  been  transmitted  in  this  way.  R-ecently  (xye  claims  to  have 
succeeded  in  transmitting  three  transpla.nta.ble  mouse  sarcomata,  one 
of  which  was  originallv  induced  by  metliyleholanthrene,  by  mca.ns  of 
dried  tumour  tissue,  and  he  further  states  tha.t  mouse  caremomata. 
can  be  transmitted  by  means  of  frozen  tumoui'  tissue  in  which  there 
are  no  viable  cells.  .From  his  (>.\periments  he  concludes  ‘  tha.t  ca.iicer 
has  a,  continuing  cause  and  that  this,  in  mammals  as  in  birds,  is  a 
virus.’  This  hypothesis  rests  wholly  on  the  assumption  that  the 
frozen  and.  dried  tumour  tissue  contains  no  viable  colls.  Dmoehowski 
and  Passey  have,  however,  snoceeded  in  growing  in  tissue  culture 
cells  from  tumour  tissue  frozen  and  dried  by  Gye’s  method,  an  observa¬ 
tion  which  at  once  renders  the  evidence  in  favour  of  a  virus  inconclusive. 

Another  matter  must  he  referred  to  in  this  connection.  Hecent 
observations  on  the  viruses  of  plant  diseases  have  raised  the  question 
■whether  ‘  the  viruses  ’  are  living  organisms  or  large  molecular  proteins,^ 
i.e.  cellular  products  which  are  capable,  in  suitable  circumstanocs,  of 
repeated  auto-synthesis  ;  necessarily  the  forther  question  a, rises  as 
to  the  criterion  of  the  living  as  contrasted  with  the  non-living.  What¬ 
ever  the  answer  to  these  questions  may  be,_  the  all  important  matter 
in  the  case  of  the  virus  theory  is  whether  the  agent,  whatever  its 
nature,  has  originally  come  from  outside  the  body  or  has  in  some 
way  originated  from  the  cells  of  the  body— i.e.  is  of  extraneous  or 
intrinsic  origin.  As  to  this  one  cannot  pronounce,  but  it  is  significant 
that  Rous,  one  of  the  strongest  protagonists  of  the  virus  theory,  has 
recently  modified  his  views  as  a  result  of  Jhe  experiments  mentioned 
below,  and  has  suggested  that  perhaps  the"'  viruses  ’  causing  neoplasia 
belong  to  the  second  class  and  may  he  ‘  elaborate  self-reproducing 
substances  ’  which  may  ‘  very  occasionally  prove  separable  from  the 
cells  in  a  condition  to  render  others  neoplastic.’ 

The  virus  theory  to  he  generally  applicable  involves  the  assumption 
either  that  there  are  a  great  number  of  viruses  or  that  there  is  one 
virus,  which  may  possibly  become  modified  in  a  particular  way  to 
cause  the  various  tumour  growths.  In  the  latter  case  the  question 
naturally  arises  as  to  where  the  virus  comes  from.  If  one  paints 
the  surface  of  the  skin  of  a  mouse  with  tar  repeatedly  a  malignant 


groivth  appears  after  a  certain  time,  and  one  would  have  to  suppose 
that  the  virus  is  normally  present  on  the  skin  just  as  staphylococci 
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are.  Again,  a  sarcoma  may  result  when  the  tar  is  injected  into  the 
deep  tissues  of  a  rat  or  a  fowl,  and  one  might  suppose  that  the  virus 
gets  into  the  body  from  time  to  time  and  is  carried  to  the  particular 
tissue.  It  seems  difficult,  however,  to  imagine  that  this  is  what  happens, 
seeing  that  the  tumours  occur  so  regularly  and  after  a  comparatively 
definite  period  ;  and  difficulty  is  equally  great  with  regard  to  the  rare 
malignant  growths  which  arise  during  intra -uterine  life.  Recent 
experiments  with  regard  to  the  possible  source  of  the  virus  have  been 
carried  out  in  America  by  Rous  and  Botsford.  They  reared  joung 
mice  in  a  protected  condition  ;  that  is,  they  separated  them  from 
their  mothers  as  soon  as  possible  after  birth  and  kept  them  free  from 
contamination  of  any  sort.  It  is  not  possible  to  maintain  complete 
sterility,  but  it  is  possible  to  keep  them  free  from  what  one  might  call 
extraneous  organisms  of  the  nature  of  a  virus.  After  a  time,  tar 
was  applied  repeatedly  to  the  skin  of  such  mice  and  it  was  found  that 
carcinoma  developed  in  them  just  as  readily  as  in  ordinary  mice. 
Rous  and  Smith  have  also  found  that  embryo  mouse  skin  transplanted 
intramuscularly  into  young  mice  together  with  Scharlach  R.  and 
methylcholanthrene  regularly  gives  rise  to  infiltrating  squamous 
epithelioma  ;  similarly  other  embryonic  tissues,  such  as  stomach,  lung, 
etc.,  also  produce  malignant  growdhs.  Since  the  known  viruses  are 
remarkably  tissue -specific  in  their  effects  it  seems  improbable  that 
every  such  tumour  is  induced  by  the  same  virus  and  equally  impossible 
to  suppose  that  each  embryonic  tissue  is  already  the  repository  of  a 
specific  virus.  These  facts  seem  very  significant  and,  along  with  the 
others  mentioned,  appear  to  exclude  the  possibifity  of  a  virus  from 
outside  being  concerned  in  the  production  of  malignant  growdhs.  If 
the  virus  does  not  come  from  outside,  it  must  be  normally  present 
in  the  body,  leading  a  sort  of  symbiotic  existence,  and  this  is  con¬ 
sidered  to  be  the  case  by  the  supporters  of  the  vhiis  theor}^.  It  is 
supposed  that  normal  individuals  harbour  this  virus  and  that  it 
becomes  active  under  favourable  conditions,  such  as  those  produced 
by  carcinogenic  agents,  etc.  This  seems  to  be  the  only  form  in  which 
the  virus  theory  as  ordinarily  understood  can  be  maintained.  At 
present,  however,  the  knowm  results  put  forward  in  support  of  it  are 
quite  inadequate,  and  moreover  it  does  not  seem  possible  to  harmonise 
them  with  the  known  facts  with  regard  to  malignancy — ^m  other  words 
to  make  the  theory  a  consistent  one. 

(2)  The  Theory  of  Cellular  Change.  If  there  is  no  virus 
present  m  malignant  cells  to  maintain  the  uncontroUed  proliferation, 
what  is  the  alternative  ?  It  would  appear  to  be  that  malignancy 
simply  represents  some  alteration  in  the  constitution  of  the  cell  itself, 
in  all  probability  a  nuclear  alteration,  this  alteration  being  permanent 
and  transmissible  to  the  cell  descendants.  This  view  was  advanced 
in  an  able  manner  by  Boveri ;  he  called  the  altered  nuclear  consti¬ 
tution  '  an  flhnormaf  chromosome  complex.’  that  is  to  say,  an  alter¬ 
ation  in  the  elements  of  the  nuclear  mechanism  which  carries  the 
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hereditary  characters.  Such  an  alteration  implies  that  the  cells  after¬ 
wards  produced  are  likewise  changed  and  that  the  change  is  permanent. 
Similar  views  have  been  put  forward  by  others.  Wo  have  already 
referred  to  the  fact  that  a  cell  in  becoming  malignant  is  altered  in  two 
ways,  viz.  in  assuming  autonomous  proliferation  and  in  the  acquisition 
of  cell  characters,  both  structural  and  metabolic,  which  may  vary  in 
different  strains  of  a  particular  kind  of  growth.  These  changes  might 
naturally  follow  from  altered  nuclear  structure  ;  they  would  also  be 
permanmit  and  lead  to  the  reproduction  of  the  characters  of  the  parent 
cells  in  their  descendants.  Theories  of  this  kind  are  in  accordance 
with  the  features  of  malignancy  mentioned  above  ;  in  fact,  they 
represent  a  summary  of  them. 

Experimental  Transmission  of  Tumours 

Reference  has  already  been  made  to  the  experimental  production 
of  cancer.  Extensive  investigations  have  been  carried  out  also  with 
regard  to  the  transmission  of  tumours  occurring  naturally,  and  many 
facts  of  interest  and  importance  have  heen  established.  Tumours 
are  found  throughout  the  vertebrate  kingdom,  though  they  are 
commoner  in  some  species  of  animals  than  in  others,  dhey  are 
not  uncommon  in  mice,  and  a  considerable  variety  have  been  met 

— epithelioma,  carcinoma,  sarcoma,  chondroma,  etc. ,  and 
these  animals,  on  account  of  their  size,  have  been  largely  used  in 
investigation.  Carcinoma  is  the  tumour  of  commonest  occurrence, 
and  it  is  interesting  to  note  that  it  often  takes  origin  from  the  mammary 
tissue  in  old  female  animals  which  have  been  used  for  breeding.  Such 
tumours  can  be  transferred  from  one  mouse  to  another  by  introducing 
some  of  the  tumour  cells  into  the  tissues  of  a  normal  animal— -in  other 
words,  they  can  be  transplanted— and  this  is  more  often  successful 
when  closely  inbred  strains  are  used  in  which  the  animals  may  be 
presumed  to  be  genetically  very  similar.  Conversely,  however,  it  is 
impossible  to  transplant  the  tumour  to  an  animal  of  different  species, 
even  when  it  is  closely  allied,  e.g.  from  the  mouse  to  the  rat.  .Ehrlich 
believed  this  to  be  due  not  to  the  active  destruction  of  the  cells,  but 
to  their  failing  to  find  nourishment  in  an  assimilable  form  in  the 
alien  species.  To  this  type  of  immunity  he  applied  the  .term  athrepsy 
or  athrepic  immunity. 

It  must  be  clearly  understood  that  the  transplanted  cells  of  the 
tumour  simply  continue  to  multiply  like  parasites,  and  that  the  cells 
of  the  new  host  do  not  take  part  in  the  growth.  In  the  case  of  a 
transplanted  cancer,  the  tissues  of  the  new  host  supply  the  stroma, 
which,  as  has  heen  stated  above,  is  to  be  regarded  as  a  reactive 
formation  and  not  a  true  part  of  the  tumour.  In  a  corresponding 
way,  when  the  cells  of  a  sarcoma  are  transplanted,  the  blood  vessels 
of  the  host  undergo  remarkable  development  and  supply  the  thin- 
walled  vessels  of  the  growth.  A  tumour,  when  transplanted,  usually 
breeds  true,  that  is,  reproduces  the  character  of  the  original  growth. 
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although  certain  variations  may  be  met  with.  Tumours  occurring 
spontaneously  vary  in  their  virulence  ;  that  is,  the  percentage  of 
successful  transplantations  or  the  rapidity  of  growth  of  the  grafts 
varies  among  different  specimens.  Reference  to  the  relation  of 
lymphocytes  to  resistance  is  made  on  p.  232. 

It  has  been  found  also  that  susceptibility  varies  considerably  in 
different  races  of  animals.  For  example,  it  was  found  that  the 
English  mice  were  originally  less  susceptible  to  Jensen’s  mouse-tumour 
obtained  in  Denmark  than  were  Danish  mice.  Aiiiong  transplanted 
malignant  growths,  metastases  are  not  so  coinnion  as  in  the  human 
subject,  but  an  important  point  ascertained  is  that  minute  metastases 
may  occur  and  afterwards  disappear,  the  cells  undergoing  atrophy. 
Probably  a  similar  occurrence  obtains  in  the  case  of  the  huinaii  subject 
(p.  235).  The  bulk  of  evidence  goes  to  show  that  the  growth  of  a 
malignant  tumour  is  not  all-powerful,  but  may  be  modified  by  com¬ 
paratively  slight  changes  in  the  environment. 

It  has  been  established  that  a  certain  degree  of  active  immunity 
can  be  produced  on  the  same  principles  as  in  bacterial  infection. 
This  result  has  been  obtained  by  the  injection  of  tumour  cells  of  mild 
virulence,  the  animals  thus  treated,  and  remaining  free  from  grovdh, 
being  rendered  more  immune  against  a  virulent  tumour.  When  a 
transplanted  tumour  which  has  grown  for  some  time  is  excised,  the 
animal  may  be  immune  against  a  fresh  inoculation  with  the  same 
growth,  and  sometimes  even  against  another  type  of  tumour.  This 
has  been  called  '  concomitant  immuiiit}^’  It  is,  how^ever,  not  invari¬ 
able,  as  the  animal  from  wRich  the  tumour  has  been  removed  may 
be  as  susceptible  to  the  second  inoculation  as  it  was  to  the  first.  So 
also  W'hen  a  transplanted  tumour  undergoes  atrophy  and  disappears, 
as  sometimes  happens,  the  aninial  may  possess  a  certain  inimunity 
against  inoculation  with  other  tumours.  The  injection  of  an  emulsion 
of  spleen  or  of  the  tissues  of  mouse  embryos  leads  to  a  certain  degree 
of  immunity  in  mice,  and  even  the  injection  of  the  blood  of  normal 
mice  may  have  a  like  effect.  The  immunity  developed  by  such  means 
is  only  relative  and  may  be  of  slight  extent.  hTevertheless,  there  is 
clear  evidence  that  revsistance  is  developed  by  such  methods.  It  is 
to  be  noted  that  in  all  cases  where  immunity  is  produced,  this  results 
from  the  introduction  of  cells  either  of  a  tumour  or  of  normal  tissues 
from  another  animal  of  the  same  species,  and  these  cells  must  be 
regarded  as  being  slightly  different  from  those  of  the  animal  injected  , 
or  w^e  may  say  that  they  possess  a  certain  degree  of  foreignness.  ^  It 
is  this  difference  or  foreignness  which  leads  to  the  inimunity  reaction 
which  is  exerted  against  the  tumour  from  another  animal,  and  it 
does  not  follow  that  such  a  method  would  have  any  effect  what¬ 
ever  in  preventing  the  natural  development  of  a  tumour  ;  that 
is,  the  immunity  would  not  be  exerted  against  the  animal  s  own 
tumour.  The  facts  established,  and  especially  the  fact  that  immunity 
may  be  produced  by  normal  tissues,  indicate  that  the  tumour  cells 


2g2  TEXT-BOOK  OF  PATHOLOGY 

themselves  behave  as  parasites,  and  appear  to  be  against  the  view 
that  tumour  growth  is  produced  by  extraneous  parasites. 

Susceptibility  of  Tumours  to  Radiation.  This  subject  is  a 
very  wide  one  and  only  the  general  facts  can  be  stated.  In  the  first 
place  the  effect  of  X-rays  and  radium  rays  is  one  common  to  normal 
cells  and  to  tumour  celis,  though  both  vary  greatly  in  their  sensitive¬ 
ness  Ac^ain,  about  both,  the  general  statement,  may  be  made  that 
the  more”  undifferentiated  cells  are  and  the  more  actively  they  are 
dividing,  the  more  sensitive  they  are.  Thus  of  normal  tissues,  lym¬ 
phoid  and  myeloid  tissues  and  the  gonads  are  most  sensitive  ;  prob¬ 
ably  epithelia  of  skin  and  mucous  membranes,  and  thymus  come  next, 
while  cells  of  the  nervous  system  are  relatively  resistant.  Amongst 
malignant  tumours  the  most  anaplastic  as  a  rule  are  most  readily 
affected ;  on  the  contrary,  the  tissues  of  various  simple  tuinours  are 
as  resistant  as  normal  tissues. 

In  the  case  of  actively  dividing  cells,  say  in  ti.ssue  culture,  nnld 
radiation  inhibits  mitosis,  whilst  at  a  later  period  mitotic  division 
may  be  increased  ;  abnormalities  in  mitoses  appear,  irregular  distribu¬ 
tion  of  the  chromatin,  multiple  mitoses,  etc.  Moreover,  Strangeways 
showed  that  the  young  cells  may  be  permanently  altered  in  their 
characters  ;  some  may  afterwards  undergo  degeneration  and  death. 
The  mitochondria  are  specially  sensitive,  becoming  granular  or  vesi¬ 
cular,  but  one  might  say  that  the  whole  cell  complex  is  affected. 
Larger  doses  bring  about  rapid  death  of  some  cells,  biA,  even  with 
powerful  radiation,  only  a  proportion  of  the  cells  are  directly  killed. 
There  is  also,  however,  a  delayed  lethal  action,  many  young  cells  dying 
at  a  later  stage. 

In  carcinoma,  there  are  two  elements  concerned,  namely ,  trie 

tumour  cells  and  the  stroma— both  are  affected.  Suitable  radiation, 
say  by  radium,  produces  the  above  effects  on  cancer  cells  which  are 
sufficiently  brought  under  its  influence,  and  at  the  same  time  causes 
in  the  stroma  a  certain  amount  of  inflammatory  reaction.  Infla,m- 
matory  oedema  with  leucocyte  emigration  is  followed  by  proliferation 
of  fibroblasts  and  increased  production  of  collagen  fibres,  which  after¬ 
wards  become  dense  and  hyaline.  An  additional  important  effect  is 
on  the  small  vessels;  many  become  thrombosed  or  are  closed  as  a 
result  of  proliferative .  changes  in  their  walls.  The  result  is  that  the 
blood  supply  to  the  radiated  part  becomes  very  iniich^  dnninished 
and  in  this  way  the  nutrition  of  surviving  cancer  cells  is  interfered 
with.  At  a  late  stage  the  radiated  part  has  become  occupied  by  a 
dense  fibrous  tissue  in  which  few  vessels  are  present ;  portions  of  it 
may  have  an  almost  necrotic  appearance. 

It  must  he  recognised  that  the  direct  actioh  on  tumour  cells  occms 
only  within  a  certain  distance  from  the  source  of  the  radiation  ,  its 
intensity  in  air  is  in  inverse  proportion  to  the  square  of  tlic  distance. 
In  cases  with  wide  dissemination  the  possibility  of  affecting  multiple 
foci  is  thus  an  important  factor  in  effective  treatment.  liixperiniental 
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work  on  cancer  and  also  the  facts  known  with  regard  to  the  disease 
in  the  human  subject  show  clearly  that  the  iiiargiii  between  growth 
and  non-growth  is  a  relatively  narrow  one,  and  aecordiiigiy  a  degree 
of  damage  to  the  cells  considerably  short  of  lethal  effect  may  lead 
to  their  destruction  by  tissue  reaction.  There  is  clinical  evidence 
that  unsuitable  doses  of  radiation,  which  fail  to  lead  to  destruction 
of  tumour  cells,  may  be  followed  by  accelerated  growth  of  the  tumour. 
Further,  when  a  tumour  is  repeatedly  exposed  to  radiation,  the 
malignant  cells  wdiich  escape  destruction  may  be  the  more  resistant 
ones,  while  the  stroma  reaction  may  be  interfered  wdth. 

Variations  in  resistance  to  radiation  are  met  wdth  in  tumours 
according  to  the  above  principles,  but  local  and  other  conditions  also 
are  concerned.  Thus  mahgnant  growths  of  the  lymphoid  and  myeloid 
tissues  and  of  the  ovaries  and  testes  are  specially  susceptible.  Many 
sarcomata,  notably  the  osteogenic  sarcomata,  are  relatively  resistant, 
but  '  round-cell  sarcoma  ’  and  Ewing’s  tumour  of  bone  are  notable 
exceptions.  Among  the  epithehomata  again  differences  are  met  with, 
but,  as  a- rule,  the  most  anaplastic  types  are  the  most  sensitive  to 
radiation  ;  for  example,  epithelioma  of  the  cervix  uteri  is  one  of  the 
most  amenable  to  treatment.  Rodent  ulcer  also  usually  disappears 
readily  under  radium  treatment,  even  though  mitosis  in  this  form  of 
growth  is  not  active.  Spheroidal -cell  carcinoma  of  the  breast  is 
another  anaplastic  growdh  wdiich  is  relatively  sensitive  ;  adenocar- 
cinomata,  e.g.  those  of  the  colon,  are  resistant.  These  are  merely 
general  statements,  and  in  relation  to  treatment  various  circumstances 
such  as  accessibility,  the  occurrence  of  multiple  foci,  etc.,  as  well  as 
sensitiveness  of  the  cells,  are  of  importance. 


CYSTS 

The  term  ‘  cyst  ’  properly  means  a  space  containing  fluid  and 
lined  by  endothelium  or  epithelium.  Cysts  thus  arise  by  the  abnormal 
dilatation  of  pre-existing  tubules,  ducts,  or  cavities.  The  contents 
are  usually  of  serous  or  mucoid,  almost  colourless  or  of  a  yellow^  tint, 
and  sometimes  browmish  owing  to  admixture  of  altered  blood; 
degenerated  epithelium  or  its  products  also  may  be  present.  The 
exception  to  this  definition  is  met  with  w^hen  a  cyst  loses  its  lining 
as  a  result  of  inflammatory  or  other  change,  and  becomes  lined  by 
granulation  or  other  connective  tissue.  The  term  is,  however,  often 
applied  in  a  somewhat  loose  way  to  other  cavities  or  spaces  containing 
fluid.  For  example,  the  term  ‘  apoplectic  cyst  ’  is  applied  to  a  space 
in  the  brain  containing  brownish  fluid,  which  has  resulted  from 
haemorrhage.  Tumours  sometimes  undergo  softening  in  their  interior, 
so  that  a  collection  of  fluid  is  formed  ;  this  occurs,  for  example,  in 
gliomata  and  sometimes  in  uterine  myomata,  and  the  term  ‘  cyst 
formation  ’  or  ‘  cystic  change  ’  is  often  used  in  description  ;  cysts 
of  bone  belong  to  the  same  class.  It  is  advisable,  however,  that 
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tlie  use  of  the  term  '  cyst  ’  should  he  restricted  according  to  the 
definition  mentioned.  Cysts  occurring  in  different  situations  will 
be  described  in  connection  with  the  special  systems,  and  we  shall 
here  state  merely  the  different  ways  in  which  they  ai’c  formed.  The 
occurrence  of  cysts  in  tumours— adenomata  and  teratomata — 
has  already  been  described.  Apart  from  these  varieties  we  may  say 
that  cysts  fall  naturally  into  two  main  groups,  viz.  (1)  those  due 
to  congenital  abnormalities,  and  (2)  acquired  cysts,  i.e.  those  produced 
by  lesions  in  post-natal  life. 

(1)  Congenital  Cysts.  These  again  fall  into  two  main 
groups  : — 

(A)  Cysts  may  result  from  abnormal  formation  of  organs  or  parts 
of  the  body.  Thus  multiple  cysts  may  result  in  the  kidneys  from 
an  error  in  development  which  disturbs  the  normal  relationships 
of  the  tubuies,  and  a  coi*!*t‘S))()ii(ling  ('oiiditioii  is  met  witli  in  the 
liver.  Again,  ])art  of  an  (‘pitJu'iia  1  surface  ma^^  l)ecome  detached 
or  dislocated  and  come  to  form  a  cyst.  This  occurs  especially  in 
connection  with  the  skin  in  the  region  of  the  developmental  clefts, 
and  the  result  is  a  space  lined  by  epidermis  and  containing  sebaceous 
material,  degenerated  epithelium,  etc.  Such  a  cyst  is  known  as  a  der¬ 
moid!  or  sequestration  dermoid,  and  the  former  term  should  be  restricted 
to  cysts  of  this  nature,  and  should  not  include  the  teratoid  cysts  in 
which  other  tissues  are  present  along  with  the  skin  and  its  append¬ 
ages,  for  example,  the  ‘dermoids’  of  the  ovar}^  (p.  262).  Dermoid 
cysts  are  met  witli  most  often  in  the  middle  line  of  tlie  chest  and  neck, 
at  the  outer  and  inner  angles  of  the  orbit— in  short,  along  the  lines 
of  closure  of  the  embryonic  fissures.  Occasionally,  in  the  brain  a 
cyst  lined  by  epithelium  may  be  met  with,  which  is  apparently  the 
result  of  dislocation  of  ependymal  epithelinin,  a,nd  in.  ih(‘  niening(^s 
we  have  seen  a  few  examples  of  cysts  lined  by  a  sim])Ie  sbratiified 
squamous  epithelium  and  filled  with  squames  a-nd  choh^stcanl  cryslnhs. 
Such  cysts  jyresent  a  shining  silvery  appea,i'anc.e  a,nd  (*.onstitut(^  tlie 
so-called  'pearly  tumours’  of  Cruveilhier.  Cysts  occur  in.  connec¬ 
tion  with  the  brain  and  spinal  cord  from  an  im|KU’feci;  (‘losure  of 
the  neural  tube  and  its  mesoclermal  emvelope.  ,M.eningoc(‘l{‘,  tuice- 
phalocele,  and  spina  bifida  belong  to  this  group. 

(B)  Cysts  may  be  due  also  to  non-closure  of  vestigial  clef  ts,  ducts, 
or  tubules,  which  ought  normally  to  become  obliterated  in  the  course 
of  development.  A  cyst  may  in  this  way  form  from  a  branchial 
cleft  or  from  the  thyro-glossal  duct,  urachus,  vitelline  duct,  tunica 
vaginalis,  etc.  In  connection  with  the  generative  organs,  cysts  of 
this  nature  are  of  frequent  occurrence.  They  may  arise  from  the 
remains  of  the  Wolffian  and  Mullerian  ducts  and  also  from  the  remains 
of  the  Wolffian  body  and  mesonephros.  Examples  of  such  cysts 
will  be  given  later. 

(2)  Acquired  Cysts.  These  are  of  several  varieties,  the  two 
following  being  the  most  important : — 
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(A)  Cysts  formed  by  retention  of  secretion  produced  by  obstruction 
to  tbe  outflow — retention  cysts.  A  single  cyst,  which  may  be  large, 
may  be  produced  by  the  obstruction  of  the  main  duct,  e.g.  of  a 
salivary  gland,  the  pancreas,  gall-bladder,  etc.  Obstruction  to  the 
oriflce  of  a  hair  follicle  gives  rise  to  a  cyst-like  swelling  filled  with 
sebaceous  material,  etc. — the  so-called  wen  or  atheromatous  cyst, 
met  with  especially  in  the  scalp.  On  the  other  hand,  numerous 
small  cysts  may  result  from  obstruction  of  small  ducts,  an  occur¬ 
rence  which  is  not  uncommon  in  the  kidney. 

(B)  Cysts  may  be  formed  from  natural  enclosed  spaces,  and  are 
then  called  distension  and  exudation  cysts.  Cysts  ma}^,  in  this  way, 
form  in  the  thyroid  from  dilatation  of  the  acini,  and  occasionally 
also  in  the  pituitary  ;  they  are  common  also  in  connection  with 


Fig.  181. — Section  of  implantation  cyst  in  subcutaneous  tissue, 
showing  lining  of  stratified  squamous  epithelium,  contents  of 
separated  cells  and  degenerated  material.  X  80. 

Graafian  follicles  of  the  ovaries.  Distension  of  spaces  lined  by 
endothelium  also  is  met  with  ;  for  example,  a  bursa  may  be  the  origin 
of  a  cystic  swelling,  and  there  is  the  common  condition  of  hydrocele 
due  to  an  accumulation  of  fluid  in  the  tunica  vaginalis. 

Occasionally,  in  the  adult  what  is  called  an  imjylantaiion  cyst 
occurs  by  the  dislocation  or  separation  of  a  portion  of  epidermis  by 
injury  ;  it  is  known  also  as  an  miplantatioii  dermoid.  The  epithelium 
becomes  displaced  and  implanted  in  the  connective  tissue,  where  it 
grows  and  comes  to  Hne  a  space  which  becomes  filled  with  degenerated 
epithelial  squames  (Rig.  181)  ;  rarely  hair  follicles  are  present  in  the 
wall  of  such  a  cyst.  Implantation  cysts  are  met  with  also  in  connection 
with  wounds  of  the  cornea. 

Finally,  there  are  cysts  of  extraneous  origin  which  are  due  to 
cestode  'parasites.  The  most  striking  examples  are  the  cysts  produced 
by  the  Tsenici  echinococcus,  though  small  cysts  may  be  produced  in 
the  brain  and  other  parts  by  the  cysticerci  of  Tsenia  solium. 
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CIRCULATORY  SYSTEM 

I.  THE  VESSELS 
(A)  ARTERIES 

Lesions  of  the  arteries  form  a  subject  of  very  great  importance 
on  account  both  of  their  frequency  and  of  the  secondary  effects  which 
may  be  produced  by  them  in  the  various  organs.  As  will  bo  described 
latM-,  serious  affections  of  the  brain,  heart,  and  kidneys,  whiclr  may 
cause  death,  are  often  the  result  of  arterial  disease.  Even  in 
the  normal  condition,  changes  take  place  in  the  arterial  tree  as  age 
advances,  one  of  the  most  important  being  a  relative  increase  in  the 
amount  of  fibrous  tissue  ;  thus  the  artery  of  a  child  consists  of  a  larger 
proportion  of  muscle  than  that  of  an  adult.  Such  fibrous  increase 
in  later  years  is  noteworthy  in  the  aorta  and  larger  arteries,  especially 
in  the  intima,  and  these  become  less  distensile  and  le.ss  elastic.  The 
lumen  of  the  aorta,  for  example,  becomes  increased  quite  apart  from 
any  morbid  change — senile  dilatation  or  ectasia.  It  has  been  shown 
by  Andrewes  that  in  the  wall  of  the  aorta  there  is  a  j)rogressive  increase 
of  lime  salts  as  age  advances,  and  this  occurs  without  actual  calcifica¬ 
tion.  Accordingly,  it  is  not  surprising  that  the  alterations  associated 
with  the  ageing  of  the  arteries  should  be  intensified  in  disease,  and 
we  shall  see  that  fibrosis  and  calcification  of  their  walls  are  often 
prominent  features.  In  the  morbid  changes  which  are  met  with,  the 
two  main  factors  concerned  are  excessive  stimn  and  the  effect  of 
torins,  abnormal  products  of  metabolism,  etc.  Corre.sponding  to 
th^e  two  factors  we  find  changes  of  a  com.pensatory  nature  and  changes 
which  are  degcMTative  or  retrogressive  ;  and  as  will  be  renidily  under¬ 
stood,  these  are  often  combined.  We  shall  consider  first  of  all  the 
alterations  which  are  of  the  nature  of  a  compensation  or  adaptation. 

Processes  of  Adaptation  and  Hypertrophy.  It  has  already 
been  shown  how,  when  an  artery  is  obstructed,  there  occurs  a  dilata¬ 
tion  of  the  collaterals,  and  this  is  followed  by  an  actual  growth  of 
their  walls  in  which  all  the  elements  participate.  It  is  an  example 
of  compensatory  hypertrophy  (p.  116),  and  corresponds  in  its  nature 
with  the  physiological  hypertrophy  of  the  uterine  arteries  which 
occurs  in  pregnancy. 
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We  shall,  however,  consider  here  chiefly  the  changes  which  are 
the  result  of  long- continued  high  blood  premire.  The  latter  is  due  to 
{a)  generalised  contraction  of  the  peripheral  arterioles,  which  is  in 
turn  followed  by  structural  change  in  them,  or  (b)  in  the  rare  condition 
of  polycythaemia,  to  increased  frictional  resistance,  resulting  from 
increased  viscosity  of  the  blood.  Without  compensating  mechanisiii, 
the  tendency  of  increased  pressure  would  be  to  dilate  the  vessel,  and 
also  to  produce  elongation,  as  in  the  case  of  any  elastic  tube.  These 
effects  are  prevented  chiefly  by  the  muscular  and  elastic  tissue  of  the 
walls,  and  if  the  increased  pressure  continues,  a  compensatory  increase 


Fig.  1S2. — Longitudinal  section  of  hypertrophied  artery,  showing  hyper¬ 
trophy  of  muscle  in  inner  and  middle  coats. 

The  muscle  fibres  are’stained  darkly  :  a,  Longitudmal  muscle  fibres  in  intima  ;  5,  Media. 

in  these  elements  follows.  Thus  in  the  media,  which  is  concerned  in 
regulating  the  lumen,  there  occurs  an  increase  of  the  muscle  cells — 
a  medial  myo-hypertrophy — and  this  may  reach  a  considerable  degree. 
In  the  intima  next  to  the  elastic  lamina,  a  few  muscle  cells  running 
parallel  to  the  course  of  the  vessel  are  normally  present,  and  in  condi¬ 
tions  of  high  blood  pressure  they  undergo  increase  and  often  form  a 
prominent  feature  (^ig.  182).  Their  function  is  manifestly  to  prevent 
a  stretching  of  the  vessel  in  a  longitudinal  direction.  There  is  also 
an  increase  of  the  elastic  tissue,  especially  in  the  intima  and  adventitia, 
though  it  is  sometimes  noteworthy  in  the  media  likewise.  The 
internal  elastic  lamina  becomes  thickened,  and  from  it  secondary 
elastic  layers  split  off,  so  that  the  increase  of  elastic  material  may 
be  very  marked  (Fig.  190). 

Such  are  the  primary  hypertrophic  cJianges,  and  they  may  some- 


2R8 


TEXT-BOOK  OF  PATHOLOGY 

times  be  well  seen  in  cases  of  high  blood  pressure  following  nephritis 
in  young  subjects,  where  primary  arterial  disease  may  be  excluded. 
But  in  most  clinical  cases  of  high  blood  pressure  fibrosis  has  be¬ 
come  superadded.  The  hypertrophied  elements,  especially  in  the 
media,  gradually  fail,  undergo  degeneration  and  absorption,  and 
become  replaced  by  connective  tissue.  The  re.sult  is  that  the 
thickened  media  becomes  fibrosed  or  sclerosed  to  a  varying  degree 
(p.  297),  and  its  ela.stio  tissue  may  become  disintegrated.  The  general 
conclusion  is  that  continued  high  blood  pressure  brings  into  operation 
compensatory  increase  of  muscular  and  clastic  (ihum'uts,  and  when 
these  fail  fibrosis  vyilh  sclerosis  follows. 

Another  example  of  adaptation  or  compensation  occurs  when 
there  is  a  local  weakness  of  the  vessel ;  there  then  follows  a  thickening 
of  the  intima.  This  is  well  illustrated  in  the  case  of  syphilitic  lesions 
of  the  media  (p.  305),  which  are  accompanied  by  a  marked  laminated 
thickening  of  the  intima,  and  this  gives  a  certain  amount  of  support 
to  the  wc'iiJa'ncd  spot.  Any  local  bulging  c, a, used  by  weakness  means 
increasc'd  tension  at  the  ])lace  iu  acc’ordaiuH'  with  a  well-known  physical 
principle,  and  unless  compeusaFted  leads  to  lurthei  dilataFtiou. 

It  has  thus  been  shown  how  the  arteries  respond  to  the  require¬ 
ments  brought  about  by  special  strain,  especially  continued  high 
blood  pressure,  how  the  compensatory  changes  may  fail,  and  how 
fibrosis  (an  inferior  type  of  compensation)  may  follow.  It  can  be 
readily  understood  that  arteries  thus  altered  are  prone  to  be  the 
seat  of  further  degenerative  changes,  fa'^ry,  hyaljne  and  calcareous, 
although  these  may  occur  quite  independently.  Thus  a  complicated 
picture  often  results. 

TYPES  OP  ARTERIAL  LESIONS 

We  shall  now  give  an  account  of  the  main  arterial  lesions,  and 
those  of  common  occurrence  may  he  considered  under  the  five  headings 
of — 

(a)  Fatty  Degeneration  and  Atheroma. 

(b)  Arterio-sclerosis. 

(c)  Calcification  of  Media. 

{d)  Endarteritis  Obliterans. 

(e)  Syphilitic  and  other  Specific  Lesions. 

The  first  three  of  these  lesions  may  be  said  to  constitute  definite 
types  of  arterial  diseases  ;  the  fourth,  however,  represents  merely  the 
reaction  of  the  vessel  walHo  various  forms  of  irritation.  The  lesions 
of  specific  nature  will  be  described  separately. 

There  has  been  much  confusion  in  the  use  of  the  terms  atheroma 
and  arteriosclerosis.  The  former  is  primarily  a  patchy  lesion  of  the 
intima  with  much  degeneration,  whilst  arterio-sclerosis  is  a  diffuse 
lesion  which  often  affects  the  whole  arterial  tree  and  in  which  there 
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is  usually  a  coinbinatioii  of  liypertropliic  and  fibrous  changes  in  the 
arterial  wall.  No  doubt  atheroma  and  arterio-sclerosisj  as  we  iiaye 
defined  them,  may  occur  together  ;  but  either  may  occur  as  an  almost 
pure  type,  and  both  the  nature  of  the  lesion  and  its  significance  are 
different  in  the  two  cases.  The  distinction  is  of  great  iinportaiiee 
alike  from  the  pathological  and  clinical  points  of  view.  Arterio¬ 
sclerosis,  in  its  characteristic  type,  is  accompanied  by  high  blood 
pressure,  and  might  be  called  hypertensive  aHerio- sclerosis,  or,  in  view 
of  its  mode  of  production,  post-hypertrophic  sclerosis.  It  is  the  con¬ 
dition  found  in  the  arteries  in  what  is'  now  generally  known  as  primary 
or  essential  hypertension,  and  it  may  also  occur  as  the  result  of  the 
hypertension  secondary  to  chrojiic  nephritis.  .. 

The  nomenclature  is  not  strictly  satisfactory,  as  the  term  ‘  sclerosis  ’  merely 
means  a  hardenmg  of  the  arteries,  and  this  may  be  produced  in  more  than  one 
way  ;  but  as  general  thickening  of  the  arteries  is  usually  the  result  of  hyper- 
tension,  it  is  most  convenient  to  use  the  term  arterio -sclerosis  without  quali¬ 
fication  as  indicating  the  condition  stated. 

(a)  Fatty  Degeneration  and  Atheroma.  .  A  distinction  is  usually 
made  between  these  two  conditions,  but  the  former  may  be  regarded 
as  the  early  stage  of  the  same  Rsion. 

Fatty  Degeneration,  as  usually  described,  occurs  in  the  intima  of  the 
aorta  in  the  form  of  irregular  yellowish  patches  or  streaks  which 
are  sometimes  arranged  in  a  longitudinal  direction  ;  they  are  scarcely 
raised  above  the  surrounding  surface.  Occasionally,  erosion  of  their 
surface  may  occur.  On  microscopic  examination,  they  axe  found  to 
be  due  chiefly  to  deposit  of  fatty  material  in  the  steUate  cells  of 
the  intima  and  in  round  cells  of  the  wandering  class,  also  to  a  cer¬ 
tain  extent  in  the  endothelial  ceils.  This  fatty  deposit  is  mainly 
cholesterol  fat,  but  a  varying  amount  of  glycerol  fat  is  also  present. 
Such  patches  occur  in  comparatively  young  subjects,  even  in  children, 
and  are  met  with  in  a  variety  of  conditions— anaemia,  cardiac 
disease,  sometimes  after  infective  fevers,  etc.  They  indicate  that 
the  intimal  cells  are  prone  to  undergo  degeneration  as  a  result  of 
toxic  action  and  conditions  of  malnutrition.  There  is  good  reason 
to  believe  that  with  a  return  to  health  the  degenerative  changes  may 
be  resolved  and  the  normal  state  of  the  intima  restored. 

Atheroma,  or  as  it  used  to  be  called,  endarteritis  deformans,  is 
a  condition  characterised  by  the  formation  of  patches  of  thickening  of 
the  intima  attended  by  degenerative  change.  It  occurs  in  arteries  of 
all  sizes,  but  is  especially  common  in  the  aorta  and  in  various 
smaller  4ssels  which  are  poorly  supported,  for  example,  the  cerebral 
arteries,  coronary  arteries  of  the  heart,  splenic,  etc.  The  distribution 
of  atheroma  varies  in  a  remarkable  degree,  sometimes  the  aorta  and 
sometimes  the  smaller  arteries  being  more  affected  ;  in  the  latter  the 
disease  may  be  especially  severe  in  certain  regions.  Recently  we  have 
been  impressed  with  the  increasing  prevalence  of  quite  marked 
coronary  artery  atheroma  in  young  men,  well  below  the  ordinary  age 

"  L 
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for  degenerative  arterial  disease,  aud  during  the  recent  World  War 
cases  of  this  nature  were  by  no  means  rare  among  troops. 

As  seen  in  the  ctorto,  the  process  begins  with  the  appearance  of 
yellowish  areas  in  the  intima,  which  become  distinctly  raised.  Those 
increase  in  extent  and  thickness  and  become  confluent  (Fig.  183). 

If  a  well-formed  patch  be  cut  into,  it  will  be  seen  that  yellow 
pultaceous  material  occupies  the  deejrer  part  of  the  intima  next 
to  the  media,  being  separated  from  the  lumen  by  a  connective  tissue 
layer  of  varying  depth.  Sometimes  this  layer  is  thick,  and  the 
patch  is  thus  firm  and  of  whitish  colour  on  surface  view  ;  the  layer 
of  degenerate  material  is,  however,  distinctly  seen  when  an  incision 
is  made  through  the  patch.  At  a  later  stage,  the  covering  of  a  patch 

may  give  way,  and  the  degenerate 
;  ^  '  material  may  be  discharged  into  the 

f  *  '  .  ^  ^  blood  stream,  an  atheromatous  ulcer 

''  ,  ■  y-  '  thus  being  formed.  Lime  salts  may 

'  '  be  deposited  in  and  around  the  patches, 

'  !■  '*  plates  of  considerable  size  may 

'  •',,¥''1'''  '/.I  sometimes  be  formed;  there  maybe 

g"  '  also  considerable  fibrous  thickening. 

>  1  i  ,  ,  Fromthecombinedactionofthesepro- 

■1.))'’,%,  cesses  there  results  great  irregnlarity  of 

’(  the  intima;  its  surface  becomes  hard 

I''  '‘fi  “  and  rough,  and  at  places  there  may  be 

'  ^  patches  dark  in  colour  owing  to  altered 

*!  ^  ■  blood  which  has  soaked  into  it.  The 

affected  aorta  often  undergoes  dilata- 
fcm  ^  tion  and  occasionally  aneurysm  follows 

L  ^  .  (p.  314).  The  condition  may  occur  in  any 

i  a,  aorta,  but  is  usually  most 

'  t;  f  ■’  marked  towards  the  lower  end.  ■  The 

tj.f  .  '  .-f  patches  are  often  related  to  the  orifice 

,  ,,  of  branches,  and  this  is  especially  note- 
^*torta!’~showing^^rregular  worthy  in  the  intercostal  and  lumbar 
patches  of  thickening,  arteries,  where  they  sometimes  form  a 
especially  round  the  orifices  ^OW  of  hlltton.-like  thickenings. 

o  t  e  ranc  es.  x  3  Lesions  at  different  stages  are  met  with 

in  the  same  case,  thus  indicating  that  the  disease  is  progressive. 
Atheroma  is  sometimes  associated  with  calcification  of  the  media 
(p.  300). 

Micboscopio  Examination  of  the  aorta  at  various  stages  shows  that 
degeneration  and  proliferation  go  hand  in  hand.  The  lesion  starts 
first,  and  is  always  more  advanced  in  the  deeper  part  of  the  intima, 
i,e.  in  the  internal  musculo-elastic  layer.  The  superficial  part  of  the  patch 
is  composed  of  thin  laminas  of  connective  tissue  with  proliferated  cells 
between  them.  TJnderneath  these,  the  laminae  become  swollen  and 
degenerated  and  merge  into  the  accumulation  of  degenerate  material 
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in  the  deeper  part.  This  material  comprises  globules  of  cholesteroj 


fat  and  ordinary  neutral  fat, 
especially  the  former,  and 
albuminoid  granules  ;  crystals 
of  cholesterol  and  fatty  acids 
are  common,  and  lime  salts 
may  be  deposited  in  vary¬ 
ing  degree  (Fig.  184).  It  is 
noteworthy  that  a  patch  of 
such  a  nature  may  be  of  con¬ 
siderable  size,  whilst  the  sub¬ 
jacent  part  of  the  media 
may  show  little  or  no  change. 
Fatty  change  or  even  fibrosis 
may  affect  the  superficial 
part  of  the  media,  when  the 
lesion  is  advanced,  but  such 
change  is  secondary,  and,  unlike 
what  we  find  in  syphilitic 
lesions,  the  lesion  is  primarily 
an  intimal  one. 


- - 

Fig.  184. — Atheroma  of  the  aorta, 
showing  degenerated  material  in 
deeper  part  of  intima. 


The  spindle-shaped  spaces  are  dne  to  collections 
of  cholesterol  crj-stals.  a,  intima  ;  5,  media. 
X  45. 


Atheroma  of  the  aorta,  when  advanced,  may  lead  to  considerable 

dilatation,  especially  of  the 
aortic  arch .  Furthermore, 
secondary  changes  may  occur  in 
the  media  to  such  an  extent  as 
to  lead  to  local  dilatation  and 
the  formation  of  an  aneurysm 
(p.  315)  ;  but  in  atheroma, 

as  compared  with  syphilitic 
disease,  this  is  relatively  un¬ 
common.  Thrombi  of  various 
sizes  may  form  in  connection 
with  the  atheromatous 
patches,  especially  when  there 
is  any  depression,  but  it  is 
remarkable  to  what  a  degree 
the  intima  may  become  thick¬ 
ened  and  roughened  without 
any  thrombosis  resulting. 
Atheroma  may  lead  also  to  dis¬ 
secting  aneurysm  (p.  321). 
Atheroma  in  the  smaller  arteries  is  essentially  of  the  same  nature 
—a  patchy  intimal  lesion  with  fibrous  thickening  in  the  supeiAcial 
parts  and  degeneration  in  the  deep.  A  patch  is  often  eccentric,  so 
that  when  the  intima  reaches  a  great  thickness,  it  impinges  on,  and 
causes  stretching  and  atrophy  of  the  media,  (Mg.  185)..,  In  such  a 


Fig.  *^185. — Atheroma  of  cerebral 
artery,  showing  great  thickenmg 
of  the  intima  with  degeneration 
in  its  inner  part. 

a,  degenerated  material ;  6,  atrophied  media 
X  45. 
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case,  the  internal  elastic  lamina  becomes  greatly  stretched  and  after¬ 
wards  breaks  up  into  irregular  fragments  and  granules.  Ultimately, 
the  media  may  entirely  disappear  and  the  atheromatous  patch  extend 
out  to  the  thickened  adventitia.  A  certain  amount  of  vascularisation 
of  the  thickened  connective  tissue  may  take  place  in  such  patches  and 
new  capillaries  appear  around  the  degenerate  area.  Some  of  these 
arise  from  the  intimal  lining  of  the  vessel,  and  are  an  important  source 
of  hseinorrhage  into  the  patches,  the  poorly  supported  state  of  the 
capillaries  being  probably  a  contributary  factor.  In  the  smaller 
arteries,  especially  the  coronaries,  this  is  a  not  infrequent  antecedent 


Fig.  186. — Circle  of  Willis  and  branches,  showing  marked  patchy  atheroma. 

Nat.  size. 


of  thrombosis.  The  condition  of  atheroma  is  shown  to  the  naked  eye 
by  the  occurrence  of  opaque  yellowish  patches  of  thickening  along 
the  course  of  the  vessels.  This  is  especially  noteworthy  in  the  cerebral 
arteries,  where  the  atheromatous  areas  contrast  very  markedly  with 
the  reddish  and  somewhat  translucent  appearance  of  the  normal  vessel 
walls  (Fig.  186) .  Lime-salts  are  often  deposited  in  the  fatty  material, 
and  calcification  may  be  so  extensive  as  to  change  an  arterial  seg¬ 
ment  into  a  rigid  tube.  This  is  well  seen  in  the  coronary  arteries  of 
the  heart. 

The  results  of  atheroma  of  the  smaller  arteries  are  mainly  of  a 
local  kind.  Thrombosis  is  common  and  the  effects  of  arterial  closure 
follow.  Again,  an  atheromatous  patch  may  lead  to  considerable 
diminution  in  the  lumen  of  the  artery  and  thus  to  atrophy,  which 
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is  sometimes  attended  by  fibrosis.  In  tbis  way  atberoma  is  a  fruitful 
cause  of  fibrosis  of  the  myocardium,  and  also  leads  to  cerebral  sclerosis 
in  old  age.  Actual  rupture  is  infrequent  but  is  met  with  in  the  small 
cerebral  perforating  wessels  in  the  aged.  It  is  to  be  noted  that 
atheroma  may  be  severe  and  wddespread  without  leading  to  high  blood 
pressure  and  cardiac  h3rpertrophy,  although,  of  course,  it  may  be 
associated  with  these  conditions  brought  about  by  other  causes. 

Nature  and  Causation.  A  study  of  the  lesions  of  atheroma  at 
different  stages  show^s  that  the  first  change  which  occurs  is  degenera¬ 
tion  with  deposition  of  fatty  material  in  the  deeper  part  of  the  intima 
and  that  the  fibrous  thickening  is  mainly  a  secondary  matter.  It 
may  he  the  result  of  irritation  due  to  the  degenerated  material,  or  it 
may  he  of  a  compensatory  nature  when  the  wall  has  been  weakened  ; 
and  no  doubt  the  general  tendency  to  fibrous  increase  in  the  later 
years  of  life  also  plays  a  part. 

As  regards  the  true  etiology  of  atheroma,  it  is  not  possible  to 
assign  it  to  any  one  cause,  as  there  are  a  number  of  factors  determining 
its  onset  and  distribution.  The  first  of  these  is  age.  Although  fatty 
degeneration  occurs  early  in  life,  and  intermediate  stages  to  atheroma 
are  found,  the  latter  is  essentially  an  affection  of  old  age,  and  in  its 
more  marked  degrees  may  be  regarded  almost  as  a  senile  condition. 
Conditions  of  local  strain  or  tension  seem  to  be  concerned  to  a  certain 
extent.  The  distrihutioii  round  the  orifices  of  vessels  indicates  that 
a  mechanical  factor  is  concerned  in  its  distribution  at  least ;  and 
it  is  thus  likely,  as  Aschoff  suggested,  that  something  of  the  nature 
of  a  shearing  strain,  by  leading  to  loosening  of  the  subendothelial 
connective  tissue,  is  the  most  important  mechanical  factor  in  deter¬ 
mining  the  deposit  of  the  fatty  material.  The  tendency  for  the  disease 
to  he  most  marked  in  the  lowest  part  of  the  aorta  is  apparently  due 
to  the  increased  hydrostatic  pressure  in  that  position.  It  is  also  to 
he  noted  that  atheroma  is  met  with  in  the  pulmonary  artery  and  its 
branches  in  conditions  of  increased  pulmonary  blood  pressure,  e.g. 
in  mitral  stenosis,  emphysema,  pulmonary  fibrosis,  etc.  ;  but  here 
malnutrition  and  diminished  oxidation  may  play  a  part  as  well  as 
increased  pressure.  When,  however,  the  relations  of  the  various 
mechanical  factors  are  considered,  it  is  not  possible  to  make  a  simple 
statement.  We  have  found  no  evidence  that  long- continued  high 
blood  pressure,  such  as  occurs  in  chronic  nephritis  in  young  subjects, 
leads  to  atheroma,  and  x4schoff  stated  a  similar  conclusion.  Goldblatt 
has  also  noted  the  absence  of  such  changes  in  the  vessels  in  experi¬ 
mental  hypertension.  Recently  Duguid  has  revived  the  older  theory 
of  Rokitansky  (1852)  that  atheromatous  lesions  of  the  aorta  and 
coronary  arteries  may  result  from  the  slow^  deposition  of  thrombus 
and  its  subsequent  organisation.  He  points  out  that  small  thrombi 
on  the  arterial  lining  are  more  common  than  is  realised  and  that  they 
are  quickly  incorporated  in  the  intima  by  growffh  of  the  endothelium 
over  the  surface  and  are  later  converted  into  fibrous  tissue  in  which 
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variable  degrees  of  fatty  degeneration  occur  in  the  deeper  layers. 
Diiguid  makes  out  a  good  case  for  tlie  origin  of  some  intimal  lesions 
in  this  way,  but  we  are  not  convinced  that  this  is  the  whole  explanation 
of  the  origin  of  atheroma. 

It  has  been  considered  by  some,  especially  by  French  writers,  that 
toxic  action  is  an  all-iinportaiit  factor  in  the  production  of  atheroma, 
and  no  doubt  it  is  at  least  concerned  in  damaging  the  intima.  Further, 
abnormalities  in  diet  and  metabolism  may  have  an  influence.  For 
example,  it  has  been  shown  that  when  cholesterol,  dissolved  in  oil, 
is  administered  in  considerable  quantities  to  rabbits,  the  cholesterol 
becomes  esterised,  and  doubly-refracting  cholesterol  esters  are 
deposited  in  various  tissues,  including  the  intima  of  the  aorta.  The 
changes  correspond  closely  with  those  in  early  atheroma,  and  pro¬ 
liferation  of  the  connective  tissue  cells  may  follow.  This  is,  of  course, 
an  extreme  condition  of  alimentation,  but  while  the  results  indicate 
that  metabolic  changes  may  play  a  part  in  causing  atheroma  it  is 
significant  that  similar  lesions  cannot  be  produced  in  anima-ls  which 
are  not  strictly  herbivorous.  It  is  hot  possible  at  present  to  relate 
the  occurrence  of  atheroma  definitely  to  increase  of  cholesterol  in  the 
blood.  In  diabetes,  however,  in  which  the  latter  condition  is  present, 
there  is  a  tendency  to  severe  atheroma,  from  which  thrombosis  and 
gangrene  may  result,  but  this  is  now  less  common  since  under  insulin 
treatment  the  excess  of  fat  intake  and  restriction  of  carbohydrate  are 
less  severe. 

We  may  summarise  by  saying  that  the  intima  of  arteries  is  prone 
to  undergo  degeneration,  as  is  shown  by  the  fatty  change  in  young  sub¬ 
jects,  and  that  this  tendency  increases  in  the  later  years  of  life  and  is 
still  further  intensified  by  a  variety  of  conditions — toxic  action,  strain, 
abnormal  metabolism,  etc. 

Other  Degenerations.  In  addition  to  atheroma  in  its  typical 
form,  the  smaller  arteries  may  be  the  seat  of  fatty  and  hyaline  change, 
variously  distributed,  especially  in  old  age.  For  example,  fatty 
change,  in  which  both  glycerol  and  cholesterol  fats  are  concerned, 
occurs  in  the  walls  of  the  small  renal  arteries  in  cases  of  hypertension, 
and  many  of  these  may  be  hyaline  and  have  their  lumen  diminished. 
So  also  in  the  nutrient  arteries  of  the  brain,  hyaline  change,  associated 
with  atrophy  of  the  media,  may  be  met  with  in  old  age  and  lead  to 
stretching  and  rupture  of  the  wall ;  this  may  occur  sometimes  without 
the  presence  of  high  blood  pressure. 

(6)  Arterio  -  Sclerosis .  The  term  arterio -sclerosis  means  a  harden¬ 
ing  or  stiffening  of  the  arteries,  and,  as  already  explained  (p.  289),  is 
here  applied  to  the  condition  due  to  a  more  or  less  general  increase  of 
the  fibrous  elements  in  the  arterial  walls.  The  common  type  is  that 
which  is  associated  with,  and  mainly  due  to,  increased  blood  pressure. 
It  may  thus  be  suitably  spoken  of  as  hypertensive  arteriosclerosis,  or 
arteriosclerosis  with  hypertension,  and  in  it  the  fibrosis  is  associated 
with  evidences  of  hypertrophic  changes.  It  is  also  sometimes  called 
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arteriolo-sclerosis,  but  tMs  term,  tbougli  indicating  one  important 
element  in  the  condition,  ignores  the  fact  that  the  changes  are  in  the 
whole  arterial  tree. 

Hypertensive  Arteriosclerosis.  In  this  form  the  walls  of  the  affected 
vessels  become  firmer  and  thicker,  and  the  lumen  is  often  wider 
than  the  normal  (Eig.  187)  ;  the  arteries  appear  to  be  enlarged 
generally  and  they  may  be  increased  in  length  and  somewhat  tortuous. 
These  changes  can  be  seen  specially  in  the  arteries  of  internal  organs, 
e.g.  kidneys  or  liver,  where,  on  section,  the  affected  vessels  stand  out 
prominently  as  whitish  rings.  The  lumen  of  the  minute  arterial 
branches  is,  however,  often  diminished  owing  to  the  thickening  of 
the  intima.  Whilst  we  have  said  that  this  is  a  more  or  less  general 
change,  it  is  to  be  noted  that  certain  arteries  and  their  branches  may 
be  much  more  affected  than  others  ;  for  example,  it  is  not  uncommon 
to  find  the  renal  or  the  mesenteric  arteries  especially  the  seat  of  the 
change. 

Microscopic  examination  shows  that  the  arterial  wall  is  thickened 
generally  and  that  there  has  been  a  proliferation  of  connective  tissue 


cells  and  formation  of  new 
tissue,  both  in  the  intima  and 
the  media  (Fig.  190).  The 
extent  to  which  the  former  is 
affected  varies  greatly  in 
different  vessels  ;  but,  as  a 
rule,  it  is  in  the  smaller  vessels 
that  the  intima  shows  most 
change,  and  a  considerable 
amount  of  concentric  fibrous 
thickening  is  a  common  con¬ 
dition.  It  is  to  be  noted 
that  this  may  be  widespread 
without  the  degenerative 
change  of  atheroma.  In  the 
thickened  media  there  may  be 
distinct  evidence  of  muscular 
increase,  but  in  most  cases 
the  muscle  fibres  are  found 
to  be  undergoing  replacement 
by  fibrous  tissue,  which  is 
more  marked  at  some  parts 
than  others,  the  process  ulti¬ 
mately  leading  to  distinct 
fibrosis  of  the  media.  There 


Fig.  187. — Aorta  and  arterial  branches 
in  hypertensive  arterio-sclerosis. 

Note  the  relative  enlargement  of  the  branches 
and  thickening  of  their  walls.  The  patient  {®t.  36) 
suffered  from  ehronic  nephritis,  x  L 


is,  however,  no  doubt  that  initially  a  true  muscular  hypertrophy 
occurs.  In  arterio-sclerosis  in  young  subjects  as  the  result  of  primary 
kidney  disease,  one  has  opportmiities  of  seeing  an  almost  pure  h37per- 
trophy  of  the  media  before  the  secondary  fibrosis  has  appeared 
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(Fig.  188).  Even  when  there  is  fibrosis,  increase  of  muscle  fibres  is 
often  iDresent,  and  in  view  of  the  fact  that  the  lumen  of  the  vessel  is 
usually  widened,  the  inci’eaiSe  is  greater  thair  it  appears.  In  the 
thickened  intima  there  is  distinct  hypertrophy  and  hyperplasia  of 
the  longitudinal  muscle  layer  next  the  internal  lamina^  (Fig.  182). 
The  muscle  cells  come  to  form  distinct  bundles,  and  they  do  not 
degenerate  so  early  as  the  circrrlar  fibres.  The  elastic  tissue  also  shows 
well-marked  hypertrophic  change.  The  internal  elastic  lamina  becomes 
thickened,  and  very  often  new  laminae  can  be  seen  in  process  of  being 
spdit  off,  e, specially  inwards  towards  the  intima  (Fig.  189).  The  elastic 
tissue  in  the  other  coats  also  becomes  increased.  At  a  later  stage 
degeneration  of  elastic  fibres  occurs,  and  this  is  especially  seen  in  the 


./ 

Fig.  188. — Section  of  hypertrophied 
radial  artery,  from  a  case  of  chronic 
nephritis  in  a  young  subject,  show¬ 
ing  hypertrophy  of  the  media. 

The  muscle  fibres  appear  black.  X  60. 


Fig.  189. — Another  section  of  the  same 
artery  as  in  Fig.  188,  showing  in¬ 
crease  of  elastic  tissue  formed  by 
splitting  of  the  internal  elastic 
lamina. 

Elastic  tissue  appears  black,  x  60. 


media  when  fibrosis  is  advancing,  the  elastic  material  becoming 
granular  in  appearance  and  ultimately  broken  up.  We  may  sum  up 
by  "saying  that  in  this  condition  of  arterio-sclerosis  there  occurs  a 
reactive  increase  of  the  supporting  elements  of  the  vessel  wall — muscle 
and  elastic  tissue — ^in  response  to  increased  blood  pressure  ;  and  that 
this  is  followed  by  a  gradual  degeneration  of  them,  and  a  progressive 
fibrosis  (Fig.  190).  In  arterio-sclerosis  with  high  blood  pressure 
hypertrophic  changes  occur  also  in  the  aorta  and  in  the  heart,  l-he 
wall  of  the  aorta  is  found  to  he  thicker  and  heavier  than  normally, 
and  this  is  due  mainly  to  an  increase  in  the  elastic  tissue.  In  response 
to  the  increased  work,  the  left  ventricle  undergoes  a  progressive  hyper¬ 
trophy,  and  in  fact  the  best  examples  of  pure  hypertrophy  of  the 
chamber  are  met  with  in  this  condition.  At  a  later  period  when  the 
heart  begins  to  fail,  the  hypertrophy  may  be  followed  by  dilatation. 

The  Small  Arteries  in  Arterio-sclerosis,  The  changes  just  described 
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ill  the  arterial  tree  are  to  be  regarded  as  of  reactive  nature — -iiyper- 
trophic  with  secondary  fibrosis,  but  there  are  others  in  the  sinali 


^  Fig.  190. — ^]\Iediuin-sized  artery  in  arterio-sclerosis. 

a  thickened  intima ;  6,  media  in  which  the  muscle  fibres  stained  dark  are  partly  replaced  by 
fibrous  tissue,  x  60. 

arteries  and  arterioles  which  are  of  degenerative  type,  the  results  of 
damage.  The  walls  of  certain  of  these  vessels  become  swollen  and 


Fig.  191. — Section  of  spleen  from  a  case  of  arterio-sclerosis,  showing  great 
hyaline  thickening  and  sclerosis  of  small  arteries — arteriolo- sclerosis.  X  125. 

hyaline  and  the  lumen  may  be  much  diminished  ;  there  is  also  often 
fatty  change  in  the  wall.  Such  changes  are  often  seen  at  a  com- 

L* 
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paratively  early  stage  of  liypertension  in  the  kidneys,  spleen,  etc., 
their  degree  and  distribution  varying  in  different  cases.  In  the  kidneys 
they  are  practically  always  present  and  lead  to  atrophic  results,  as 
will  be  described  later.  Further,  in  some  cases  there  are  lesions  of 
more  severe  type—fibrinoid  degeneration  and  necrosis  of  the  arterial 
walls,  thrombosis,  areas  of  hsemorrhage  and  tissue  necrosis.  Tliese 
latter  are  an  important  feature  in  the  so-called  7nalignant  type  of 
hypertension.  Evidence  that  all  such  lesions  are  the  result  of  the 
hypertension  will  presently  be  considered. 

Etiology.  In  one  group  of  cases  of  arterio-sclerosis  the  hyper¬ 
tension  is  clearly  secondary  to  7iephritis,  e.g.  scarlatinal,  in  the  earlier 
years  of  life,  and  the  sequel  of  changes  in  the  arteries  can  be  readily 
followed,  as  they  occur  at  an  age  when  primary  arterial  disease  is 
uncommon.  But  in  the  great  majority  of  cases  there  is  no  such 
history,  and  the  arterio-sclerosis  is  an  insidious  and  slowly  advancing 
affection,  and  cannot  be  regarded  as  secondary  to  gross  kidney  disease. 
We  may  accordingly  speak  of  primary  arterio-sclerosis  or  the  sclerosis 
qJ  primary  or  essential  hypertension  in  contrast  to  the  form  which  is 
secondary  to  kidney  disease. 

With  regard  to  the  commoner  or  prvmary  form  of  arterio-sclerosis, 
two  statements  may  now  be  justifiably  made.  The  first  is  that,  just 
as  in  the  form  secondary  to  nephritis,  the  first  occurrence  is  a  hyper¬ 
tonus  of  arterioles.  This  is  a  point  of  practical  importance  as  it 
affords  the  possibility  of  treatment  before  actual  structural  changes 
have  occurred.  The  second  is  that  all  the  structural  changes,  both 
reactive  and  degenerative,  as  above  described,  can  be  produced  by 
hypertension.  Convincing  work  on  this  subject  dates  from  the  experi¬ 
ments  of  Goldblatt,  who  showed  that  in  the  dog  partial  obstruction 
of  the  arterial  blood  supply  to  the  kidneys  caused  a  maintained  hyper¬ 
tension  of  varying  degree.  This  was  especially  the  case  when  the 
arteries  to  both  kidneys  were  partially  obstructed  by  clamps,  or  when 
there  was  partial  obstruction  to  one  kidney  and  the  other  kidney  was 
removed  from  the  body.  Confirmatory  results  were  obtained  by  other 
observers  by  different  methods,  but  the  principle  of  these  is  the  same. 
Specially  striking  are  the  recent  results  of  Wilson,  Byrom  and  Dodson. 
They  produced  in  rats  partial  obstruction  to  the  artery  of  one  kidney , 
leaving  the  other  intact,  and  found  that  the  various  types  of  lesion 
mentioned  above,  both  the  milder  and  the  more  severe,  occurred  in 
the  small  arteries  in  the  intact  kidney  and  other  organs,  the  severity 
of  these  apparently  depending  on  the  degree  of  obstruction.  They 
do  not  occur  in  the  kidney  operated  on  because  the  partial  obstruction 
of  arterial  supply  protects  its  vessels  against  the  effects  of  the  hyper¬ 
tension.  Benal  insufficiency  sometimes  occurs  in  such  experiments, 
but  it  is  not  the  cause  of  the  arterial  changes  as  they  may  occur  when 
it  is  not  present.  It  is  essential  that  the  kidney  rendered  ischaemic 
be  retained  in  the  body,  because  its  removal  is  followed  by  a  prompt 
fall  in  the  blood  pressure.  All  the  available  evidence  thus  goes  to 
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show  that  the  hypertension  is  of  humoral  or  chemical  origin  resulting 
from  the  hheration  of  some  pressor  substance  from  the  ischaemic 
kidney  tissue.  It  now  appears  that  the  mechanism  consists  in  the 
discharge  of  an  enzyme-like  substance  (renin)  which,  acting  on  alpha 2 
globulin  of  the  plasma  (h^^ertensinogeii) ,  produces  a  powerful  and 
stable  pressor  substance  to  which  the  names  liypertensin  or  angiotomn 
have  been  given.  This  substance  is  thought  to  be  destroyed  or  in 
some  way  neutrahsed  by  normal  renal  tissue,  because  hypertensin 
exerts  a  more  powerful  effect  in  nephrectomised  animals  than  in  those 
vdth  intact  kidneys. 

In  assessing  the  role  of  renal  ischsemia,  or  as  Goldblatt  prefers, 
altered  renal  haemodynamics,  there  is  great  difficulty  in  separating 
cause  and  effect  in  the  renal  arteriolar  system.  Post-mortem  material 
is  seldom  of  much  service  as  by  that  time  the  vascular  changes  are 
fully  estabhshed.  Renal  biopsy  material  may  provide  an  answer,  but 
m  the  past  samples  have  rarely  been  large  enough  to  enable  satisfactory 
conclusions  to  be  reached.  Observations  by  Mackey  and  Taylor  in 
my  Department  have  failed  to  show  significant  anatomical  lesions  in 
the  renal  arterioles  in  very  early  cases.  The  renal  vascular  shunt 
through  the  juxta-meduUary  glomeruh,  first  described  by  Heggie  in 
Glasgow  and  finely  demonstrated  by  Trueta  and  his  colleagues  later, 
has  been  invoked  as  a  mechanism  by  which  renal  cortical  ischaemia 
might  he  induced  without  structural  changes  in  the  vessels,  but  this 
is  purely  speculative  in  relation  to  the  uiitiation  of  essential  hyper¬ 
tension.  Such  a  diversion  of  renal  blood  flow,  however,  may  be  the 
basis  of  the  hypertensive  fits  in  puerperal  eclampsia. 

It  must  he  clearly  understood  that  these  results  do  not  afford 
definite  proof  that  essential  hypertension  in  the  human  subject  is 
actually  of  renal  origin.  This  is  a  subject  for  further  enquiry  and  will 
he  discussed  later.  But  they  afford  convincing  evidence  that  hyper¬ 
tension  per  se  can  produce  all  the  structural  changes  in  the  arterial 
system  met  with  in  the  primary  form  of  arterio-sclerosis. 

Clmical  observation  has  given  little  information  with  regard  to 
the  causation  of  essential  hypertension.  It  occurs  in  gout  and  lead 
poisoning,  and  has  been  ascribed  to  excess  in  eating  and  drinking. 
Hard  physical  labour  may  at  least  exaggerate  the  condition.  A 
tendency  to  hypertension  sometimes  runs  in  families.  In  a  large 
proportion  of  cases,  however,  none  of  these  factors  can  he  recognised 
and  the  etiology  is  quite  obscure.  The  cause  of  essential  hypertension 
is  still  one  of  the  most  obscure,  as  well  as  most  important,  problems 
in  clinical  medicine. 

Results,  The  small  hyaline  and  fibrosed  arteries  may  give  way 
and  cerebral  haemorrhage  not  infrequently  brings  about  the  fatal 
result.  Haemorrhage  from  the  nose,  bowel,  etc.,  is  also  met  with. 
In  more  than  half  the  cases  the  hypertrophied  heart  fails,  and  general 
venous  congestion,  dropsy  of  cardiac  type,  etc.,  develops.  Effects  also 
follow  from  secondary  inyolyement  of  the  kidneys  and  are  specially 
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severe  in  the  type  of  tlie  disease  known  as  nialignant  iiypertensioii, 
renal  insufficiency  often  occurring.  These  effects  are  described  later. 
Sclerosis  of  the  coronary  arteries,  when  associated  with  degenerative 
atheroma,  may  bring  about  various  serious  results — fibrosis  of  niyo- 
carcliiim,  infarction,  etc. 

Arteriosclerosis  without  Hypertonus.  As  has  already  been  men¬ 
tioned,  a  pathological  degree  of  fibrosis  of  arteries  without  high 
blood  pressure  and  hypertrophic  changes  may  be  met  with,  especi¬ 
ally  in  the  aged.  It  is  probably  to  be  regarded  as  a  replacement 
fibrosis  consequent  on  degenerative  changes  in  the  elastic  and  mus¬ 
cular  tissues — an  exaggeration  of  the  change  ordinarily  occurring  in 
senile  arteries. 

(c)  Calcification  of  Media.  Calcification  is  fi’e(|uent  in  the 

arterial  system.  As  dc'serilx'd  a,bove, 
it  may  be  marked  iji  the  degenerated, 
patches  of  atheroma,  and  lead  to  the 
f  OTmafionofpl^^ol^onsiderable  size . 
A  striking  variety  of  the  condition, 
however,  is  that  which  occurs  in  the 
I  media,  as  a  not  uncommon  lesion 

I  in  old  people.  It  is  sometimes 

known  under  the  name  of  ‘  Moncke- 

berg^s  . . sclerosis.’  Lime  salts  are 

deposited  in  the  direction  of  the 
muscle  fibres,  and  hence  the  affected 
vessels  show  transverse  streaks  or 
bars,  which  produce  a  characteristic 
appearance  (Fig.  192).  At  a  later 
stage  calcareous  rings  are  formed, 

^  and  ultimately  the  whole  artery  may 

,  at  places  be  converted  into  a  rigid 

3  tube.  Along  with  this  change  there 

may  be  little  or  no  alteration  in 
the  intima,  though  atheroma  is 
sometimes  present  in  addition.  The  affected  vessels  on  the  whole 
tend  to  be  somewhat  dilated.  Microscopic  examination  shows  that 
the  earliest  change  is  hyaline  degeneration  which  affects  the  muscle 
fibres  and  connective  tissue,  usually  starting  about  the  middle  of  the 
media  (Fig.  193).  Thereafter  lime  salts  are  deposited  first  as  fine 
granules,  and  then  continuous  calcification  follows.  There  may  be 
little  or  no  cellular  reaction  along  with  the  deposit.  Occasionally 
true  bone  may  be  formed  in  connection  with  an  area  of  calcification, 
and  even  the  formation  of  red  marrow  in  the  bone  has  been  observed. 
Calcification  of  the  media  may  attack  vessels  of  practically  any 
size.  It  is  commonest,  however,  in  the  large  arteries,  especially 
the  iliacs  and  femorals,  where  it  may  lead  to  thrombosis  and  senile 
gangrene.  It  occurs  also  in  the  lower  part  of  the  abdominal 


Fig.  192, — Calcification  of  medii 
of  iliac  and  femoral  arteries 
showing  transverse  marking! 
caused  by  the  calcified  per 
tions.  X  i. 
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aorta,  usually  in  association  with  atheroma.  As  to  its  etiology,  little 
of  a  definite  nature  is  known.  It  is  essentially  a  senile  change. 
It  ma}^  sometimes  occur  even  at  a  comparatively  early  period  of  life 
ill  arteries  which  are  the  seat  of  arterio -sclerosis,  but  it  does.. not 
appear  to  be  intimately  related  to  high  blood  pressure,  although 


Fig.  193. — Calcification  of  media. 

The  calcification  is  indicated  hy  the  darMy  stainins  areas.  Vote  the  marked  irregularity  of  the 

lumen,  x  14. 


a  closely  similar  lesion  may  be  produced  in  the  aorta  in  rabbits 
by  raising  the  blood  pressure,  by  injections  of  adrenalin.  The 
natural  increase  of  lime  salts  in  the  arteries  of  the  aged  is  no  doubt 
another  factor.  Calcification  of  the  media  is  to  be  regarded  as  a 
distinct  type  of  lesion,  though  it  may  be  associated  with  other 
forms. 

(d)  Endarteritis  Obliterans.  This  lesion,  kno'rtm  also  as  plastic 
endarteritis,  represents  the  ordinary  reaction  by  which  the  arterial 
lumen  becomes  reduced  when  the  functional  demands  for  blood  flow 
through  it  are  greatly  reduced.  It  is  also  the  usual  reaction  of  the 
arterial  wall  to  an  irritant  which  approaches  it  from^  without ;  it  is 
then  hardly  to  be  regarded  as  a  disease  of  the  arteries.  It  is  often 
to  be  seen'' in  the  neighbourhood  of  an  ulcerative  process,  such  as  a 
gastric  ulcer,  and  it  is  a  defensive  reaction  preventing  hemorrhage 
from  erosion  which  would  otherwise  occur.  Often  it  is  accompanied 
by  thrombosis.  Endarteritis  obliterans  is  seen  in  silicosis  of  the 
lungs  resulting  from  stone  particles  ;  and  it  is  often  a  promhient 
feature  in  chronie_neplmtis,  apparently  due  to  the  hjiiertension  or 
as  the  effect  of  loss  of  renal  substance  (Eig.  194).  Endarteritis  oWft.- 
erans  occurs  in  syphilis  in  relation  to  gummata,  meningitis  (p.  303), 
etc.,  though  also  apart  from  these,  notably  in  the  cerebral  vessels. 
Again,  it  is  often  met  with  in  marked  degree  in  tuberculous  meningitis 
wLn  the  bacilli  settle  in  the  perivascular  spaces  and  damage  the 
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arterial  wall.  The  intima  may  then  show  enormous  thickening, 
chiefly  of  a  cellular  character,  and  this  may  be  followed  by  necrosis 
and  caseation  of  the  wliole  wall. 

In  endarteritis  obliterans  there  is  an  abundant  formation  of 

connective  tissue  in  the  intima, 
and  as  capillaries  grow  into  it 
from  the  media,  fatty  degenera¬ 
tion  from  anoxia  does  not  follow. 
The  tissue  may  be  comparatively 
cellular,  or  it  may  be  more 
fibrous  and  arranged  in  concentric 
lamina?.. 

In  the  thickened  intima  new 
formation  of  elastic  tissue  occxirs. 
Sometimes  there  is  a  distinct 
lamina  under  the  endothelium 
and  another  at  the  outer  edge 
of  the  intima,  or,  again,  there 
^  may  be  a  number  of  small  new 

Fig.  194.— Endarteritis  obliterans  in  lamin®  at  various  points  in  the 

braiicli  of  renal  artery  in  chronic  .  , .  „  ,  .  ,, 

nephritis.  Ultima,  lornied  under  the  mrinence 

a.  thickened  intima ;  b,  media,  x  60.  of  the  proliferating  connective 

tissue  cells,  i.e.  not  simply  split 
off  from  the  pre-existing  elastic  tissue,  as  occurs  in  arterio-sclerosis. 
The  other  coats  of  the  artery  show  various  changes  according  to  the 
cause  which  has  produced  the  endarteritis. 

SPECIFIC  AFFECTIONS  OF  ARTERIES 

In  this  group  the  lesions  are  of  chronic  inflammatory  type  and 
correspond  with  those  met  with  elsewhere  in  the  respective  diseases. 
By  far  the  most  important  are  those  due  to  syphilis,  though  in  recent 
years  it  has  come  to  be  recognised  that  changes  of  an  analogous  kind 
may  also  be  produced  by  rheumatism.  Tuberculosis  also  may  produce 
arterial  lesions  in  certain  circumstances.  We  have  placed  other  affec¬ 
tions  in  this  group  because  they  appear  to  be  due  to  a  specific  irritant 
though  the  real  etiology  is  unknown. 

Syphilis.  The  most  important  arterial  lesions  in  syphilis  may 
be  said  to  be  the  result  of  endarteritis  and  periarteritis  of  the  small 
arteries,  in  association  with  infiltration  of  lymphocytes  and  plasma 
cells  around  them,  these  changes  being  brought  about  by  the  presence 
of  the  spirochsetes  in  the  adventitia.  This  is  the  case  wherever 
syphilitic  disease  occurs,  and  when,  the  aorta  is  attacked  the  lesions 
are  essentially  in  connection  with  the  vasa  vasorum,  appearing 
first  in  the  adventitia  and  then  invading  the  media.  Owing  to  the 
important  results  in  the  latter,  the  lesion  is  sometimes  spoken  of 


CIRCULATORY  SYSTEM— ARTERIES 


303 


as  syphilitic  mesaortitis .  We  shall  describe  first  the  changes  in  the 
aorta  and  afterwards  those  in  some  of  the  smaller  vessels. 

The  naked -eye  changes  in  syphilitic  disease  of  the  aorta  can 
best  be  studied  in  young  subjects,  in  whom  the  disease  may  occur 
in  a  pure  form,  and  the  presence  of  lesions  of  another  character  may 
be  practically  excluded.  The  initial  visible  change  is  the  formation 
of  a  plaque  or  area  of  thickening  in  the  intinia,  of  gremsh- white 
colour  and  somewhat  translucent  appearance.  Such  plaques  are 
often  of  considerable  thickness  and 
show  httle  or  no  tendency  to 
degenerate.  Later,  they  extend  and 
fuse  together,  form,ing  areas  with 
wavy  or  slightly  wrinkled  surface, 
whilst  the  intima  in  the  parts  be¬ 
tween  may  be  healthy  in  appearance 
(Fig.  195).  At  places,  absorption 
and  contraction  of  the  tissue  may 
occur  vdth  formation  of  cicatricial 
tissue  which  occasionally  has  a 
somewhat  stellate  form.  Locahsed 
depressions  which  are  potentially 
the  commencement  of  aneurysms 
may  sometimes  be  seen.  At  a  later 
period  of  fife,  the  yellow  patches 
of  atheroma  often  in  a  severe  form 
may  be  associated  with,  the  syphilitic 
lesions.  The  aortic  arch  is  by  far 
the  commonest  site  of  syphilitic 
lesions  and  they  are  sometimes 
restricted  to  it.  The  part  of  the  arch 
immediately  above  the  aortic  valve 
is  usually  involved  first  and  the 
disease  may  haye  two  serious  results. 

It  may  lead  to  narrovdng  of  the 
orifices  of  the  coronary  arteries  or 
it  may  spread  to  the  aortic  cusps, 
producing  thickening  and  stretching 
of  them,  incompetence  of  the  valve 

resulting.  Another  factor  in  the  iDroduction  of  this  valvular  defect  is 

general  dilatation  of  the  valve  ring.  In  this  way  syphilis  is  often  the 
cause  of  important  cardiac  disturbance.  The  lesions  occur,  too,  at  a 
lower  level,  hut  it  is  not  uncommon  to  find  that  they  cease  at  the 
point  where  the  aorta  passes  through  the  diaphragm.  Sometimes, 
on  cutting  through  the  wall  of  the  aorta,  one  may  find  evidence 
of  the  extension  of  comparatively  soft,  or  even  gummatous  ^tissue 
from  the  outside,  but  as  a  rule  the  characteristic  cha,nges  in  the 
adventitia  can  be  detected  only  on  microscopic  examination. 


Fig.  195. — Extensive  syphilitic  dis¬ 
ease  of  aortic  arch,  showing  the 
thickened  plaques  and  irregularity 
of  the  surface,  also  formation  of 
aneurysmal  depressions. 

Note  the  sharp  limitation  of  the  disease 
below.  The  patient  was  aged  23.  x  f. 
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Fig.  196. — Section  of  adventitia  in  syphilitic 
disease  of  aorta,  showing  endarteritis 
and  periarteritis  of  small  arteriole,  with 
fibrous  thickening  and  extensive  lym¬ 
phocytic  infiltration  around.  X  80. 


Lesions  of  similar  character  to  those  described  are  occasionally 
met  with  in  the  aorta  in  congenital  syphilis  and  may  lead  to  like  results. 
As  has  already  been  indicated,  the  earliest  histological  change 

to  be  found  is  a  cellular 
v-  •' ' r  infiltration  around  the 

-L  '  small  vessels  in  the  adven- 

'  /y"  titia,  attended  by  peri- 

.  ''  Vi  A  arteritis  and  endarteritis 

f The  infiltration 
•  extends  along  the 

vessels  into  the  substance 
media,  and  at  places 
•  rX  ^  widens  out  into  irregular 

cellular  areas,  in  which 
there  is  also  a  new  forma- 
thin- walled  vessels 

' (Tig.  197).  Such  a  condi- 
‘xbi  Xy '•  '  tion  leads  to  a  corresponding 

Fig.  196.~Sectionof  irdveutitia  in  syphilitic  absorption  of  elastic  tissue 
disease  of  aorta,  showing  endarteritis  and  muscle  of  the  media, 

and  periarteritis  of  small  arteriole,  with  and  in  a  section  stained  to 

fibrous  thickening  and  extensive  lym-  ,  fihreci 

phocytic  infiltration  around.  X  80.  Clastic  tibiCS, 

breaks  or  windows  can  be 
seen  corresponding  to  the  cellular  areas.  A  certain  amount  of 
necrosis  may  sometimes 
occur  in  them  ;  in  fact, 

there  may  be  a  small  gum-  ..h't;  h, 

matous  lesion.  At  a  later  ^ /f'.*  b/ 4  h- 

period  the  cellular  infiltra-  ,  -  VA  b 

tion  is  followed  by  a  consid-  •  y 
erable  new  formation  of  .A- 

connective  tissue,  and  thus 
fibrous  patches  or  plaques  ' 
are  formed'  in  the  media  in 

which  no  muscle  or  elastic'  /i  ^ 

tissue  is  present  (Figs.  198,  V"'- 

199).  It  is  clear  that  such  - , , 

changes  must  produce  a  local  "  .  A  ' 

weakening  of  the  wall,  and  "  Ay'.t  A,'  b  ■ '*  “Ay 

accordingly  stretching  of  y  '  ' 

the  tissue  and  bulging  of  Iha.  197. — Section  of  syphilitic  aorta,  show- 

the  wall  are  natural  results  :  cellular  accumulatlona  around  the 

’  small  vessels  in  the  media,  with  destruc- 
thus  an  aneurysm  is  fre-  tion  of  tlie  laminsB.  x  80. 

cpuaitly  started.  Syi:)liilitic 

disease  is,  in  fact,  the  commonest  cause  of  aneurysms  of  the  aorta  and 
large  vessels  (p.  315).  When  the  changes  described  are  occurring  in 
the  media,  the  iiitima  at  the  site  shows  thickening;  its  connective 


Fig.  197.— -Section  of  syphilitic  aorta,  show¬ 
ing  cellular  accumulations  around  the 
small  vessels  in  the  media,  with  destruc¬ 
tion  of  the  laminsB.  X  80. 
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tissue  laminse  become  increased  ir 
There  is  often  also  a  considerable 
media,  and  this  may  be  concerned 
in  the  non-occurrence  of  fatty 
degenerative  changes.  The  cel¬ 
lular  infiltration  present  in  the 
other  coats  rarely  extends  uito 
the  thickened  intima,  although 
such  extension  is  sometimes  seen. 
There  seems  to  be  little  doubt 
that  the  hitimal  thickening  is 
secondary  to  local  -weakening — 
of  a  compensatory  or  reactive 
nature — and  that  it  is  not  part  of 
the  s\^hilitic  lesion  proper. 

Syphilitic  disease  of  the  pul¬ 
monary  artery  has  been  met  with 
in  a  small  proportion  of  cases. 
The  lesion  is  of  similar  nature  to 


number  and  are  usually  swollen, 
ingrowth  of  new  vessels  from  the 


Fic.  198. — Sj’-pliilitic  lesion  of  media. 

Thft  elastic  tissue,  wMcli  appears  black,  is 
being  interrupted  and  replaced  by  fibrous 
tissue.  X  50. 


that  in  the  aorta,  but  less  in 

degree.  It  is  occasionally  associated  with  syphilitic  disease  in  the 
small  branches  (p.  307). 

Endarteritis  obliterans  is  of  common  occurrence  in  relation  to 


Fig.  199. — Section  of  syphilitic  aorta, 
showing  interruption  and  destruction 
of  the  elastic  tissue  of  the  media, 
which  is  stained  black  ;  great  thick¬ 
ening  of  the  intima.  X  30. 


syphilis.  It  is  a  marked  feature 
in  all  the  gummatous  lesions, 
where  it  is  attended  by  peri¬ 
arteritis  ;  and  the  obliteration 
of  the  small  arterial  twigs  may 
play  a  part  in  the  central 
necrosis  which  occurs  in  a 
gumma.  It  may,  however, 
also  affect  blood  vessels  apart 
from  the  presence  of  gumma¬ 
tous  change,  and  those  most 
frequently  involved  are  the 
cerebral  vessels,  the  cortical 
branches  running  in  the  sulci 
often  showing  the  change ;  a 
certain  amount  of  meningeal 
thickening  is  usually  present.  In 
some  cases  the  change  is  diffuse 
and  a  number  of  the  vessels 


•show  general  thickening,  whilst 
in  others  it  is  more  of  a  patchy  or  nodular  type.  The  walls  of  the 
affected  vessels  are  thickened  chiefly  owing  to  the  increase  of  the 
intima,  and  the  thickening  may  be  symmetrical  or  asymmetrical ; 
it  varies  in  degi’ee  along  the  course  of  the  vessel.  There  is  no  fatty 
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degeneration,  and  the  vessel  walls  have  a  whitish  and  somewhat 
translucent  appearance.  Microscopic  examination  shows  the  changes 
already  described  (p.  302).  One  or  two  giant-cells  may  occasionally 
be  present  in  the  intima,  but  these  are  usually  of  relatively  small 
size.  There  is  generally  infiltration  of  plasma  cells  and  lymphocytes 
around  the  vessels.  The  obliterative  lesion  may  lead  to  complete 
closure  of  the  vessel,  or  more  frequently  it  may  give  rise  to  throm¬ 
bosis  ;  it  is  thus  a  cause  of  cerebral  softening.  The  term  ‘  gummatous 
arteritis’  is  sometimes  applied  to  the  usual  reactive  changes  in  the 
arteries  in  relation  to  a  gumma  ;  it  is,  however,  better  restricted  to 
a  condition  where  there  is  an  actual  extension  of  the  gummatous 


Fig,  200. — SypMlitic  endarteritis  and  periarteritis  in  a  cerebral  artery. 

The  greatly  thickened  intima  is  seen  between  elastic  laminse  which  appear  black  :  a,  i  5,  media. 

tissue  into  the  arterial  wall,  the  latttu*  becoming  involved  in  the 
necrotic  change. 

Corresponding  syphilitic  lesions  in  the  minute  'pulmonary  arteries  in 
some  cases  have  been  found.  They  are  essentially  of  the  same  nature- 
endarteritis  and  periarteritis  with  a  certain  amount  of  infiltration  of 
lymphocytes  and  plasma  cells.  They  may  he  widespread  and  are  often 
attended  hy  a  diffuse  or  nodular  fibrosis.  Serious  obstruction  of  the 
pulmonary  circulation,  cyanosis  and  polycythsemia  are  produced  ; 
there  is  hypertrophy  of  the  right  side  of  the  heart  with  its  accompani¬ 
ments.  There  is  often  marked  atheroma  of  the  larger  branches  of  the 
pulmonary  artery,  apparently  the  result  of  the  increased  pressure 
and  anoxaemia.  Syphilitic  disease  of  the  pulmonary  artery  itself  has 
been  observed  in  a  few  instances. 

It  may  be  mentioned  here  that  similar  obstructive  changes  in  the 
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small  pulmonary  arteries  may  sometimes  occur  apart  from  sypMlis. 

All  example  of  tliis  is  seen  in  a  s^niclromej  described  hr  Averza . in. the 

Ai'gentine,  and  named  after  Mm.  A  number  of  cases  liaye  now  been 
recorded  and  in  some  of  them  the  cyanosis  has  been  extreme,  but  it 
is  now  clear  that  the  spidrome  may  be  produced  in  other  ways,  and 
the  only  essential  feature  appears  to  be  a  pronounced  degree  of  ob¬ 
struction  to  the  pulmonary  circulation.  Lesions  of  sim.ilar  nature 
have  been  met  with  from  time  to  time  in  other  places.  Nothing  is 
knoim  of  the  etiology  of  cases  of  this  ti^pe  where  syphilis  as  a  cause 
is  excluded.  Obliterative  piihnonari/  arteriolitis  would  be  a  suitable 
descriptive  name. 

Effects  of  Syphilitic  Disease.  These  have  already  been  mentioned 
in  the  description  but  they  may  be  conveniently  summarised.  In 
the  aorta  the  most  serious  results  are  (a)  aneurysm  (of  which  syphilis 
is  by  far  the  commonest  cause),  {b)  implication  and  consequent  narrow¬ 
ing  of  the  orifice  of  a  coronary  artery  by  a  syphilitic  patch  (p.  338),  and 
(c)  spread  of  disease  to  the  aortic  cusps  with  resulting  incompetence 
of  the  valve  (p.  360).  Occasionally  emholism  may  occur  from  a 
thrombus  on  a  syphilitic  patch  or  in  a  small  pouch  in  the  aorta.  The 
effects  of  the  disease  of  the  small  arteries  are  seen  mainly  in  connection 
with  the  brain  and  are  caused  by  narrowing  and  sometimes  closure 
of  the  vessels ;  thus  cerebral  ischaemia  and  softening  are  often 
produced.  Occasionally  necrotic  change  in  a  gummatous  patch 
may  involve  an  artery  and  its  wall  may  give  way,  but  in  our  ex- 
iperience  spibilis  plays  no  important  part  in  the  causation  of  cerebral 
haemorrhage. 

Rheumatic  Lesions.  Within  recent  years  it  has  been  shown, 
especially  by  the  work  of  American  pathologists,  that  lesions  are  pro¬ 
duced  by  rheumatism  in  the  walls  of  arteries,  of  corresponding  nature 
to  those  found  in  the  heart.  Such  lesions  have  been  found  especially 
in  the  aorta,  though  they  have  also  been  described  in  smaller  vessels. 
In  the  aorta  the  lesions  commence  in  the  adventitia  and  consist  of  an 
infiltration  of  the  tissues  with  lymphocytes  and  plasma  cells.  Here 
and  there  may  be  foci  of  more  marked  reaction  of  histiocytes,  and 
typical  Aschoff  bodies  with  characteristic  cells  (p.  350)  may  form. 
The  cellular  infiltration  may  spread  into  the  media  and  lead  to  absorp¬ 
tion  of  elastic  tissue,  but  tMs  rarely  extends  beyond  the  outer  third 
of  the  media.  No  evidence  has  been  adduced  that  such  lesions 
become  sufficiently  pronounced  to  lead  to  weakening  of  the  wall 
and  to  aneurysm.  In  judging  their  rheumatic  nature  the  possibility 
of  their  bemg  due  to  syphilis  must,  of  course,  always  he  kept  in 
view. 

With  regard  to  the  smaller  arteries,  the  lesions  have  been  found 
especially  in  the  smaller  visceral  branches,  their  distribution  var3^nig 
much.  They  are  of  more  acute  character  and  may  be  accompanied 
by  a  certain  amount  of  necrosis  of  the  media  as  well  as  by  leucocjdie 
infiltration  ;  they  thus  resemble  somewhat  the  lesions  of  pol^rarteritis 
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nodosa.  Nevextheless,  aneiiiysmal  dilatation  has  not  been  found  to 
follow,  nor  has  thrombosis  within  the  affected  arteries  been  observed. 
Further  work  is  necessary  before  it  is  possible  to  estimate  the  relation 
of  rheumatism  to  disease  of  the  smaller  arteries.  No  such  relation 
has  been  established  on  clinical  grounds,  though  the  occurrence  of 
focal  lesions  in  the  subcutaneous  tissues  and  elsewhere  shows  the 
widespread  distribution  of  the  disease  process. 

Tuberculosis.  We  have  already  mentioned  the  occurrence  of  marked 
periarteritis  and  endarteritis  in  relation  to  tuberculous  lesions.  They  are  often 
a  prominent  feature  in  tuberculous  meningitis,  especially  vluai  it  runs  a  prol.racted 
course  ;  it  is  thus  not  uncommon  in  cases  treated  with  stj-t'ptomycin  and  it  may 
lead  to  complete  obstruction  of  the  vessel  and  softening  of  i-he  brain  subst.anee. 

A  corresponding  condition  is  met  with  in  tuberculous  disease  of  bone, 
the  involvement  of  an  artery  may  lead  to  an  area  of  necrosis  and  the  formation 
of  a  sequestrum ;  this  occurs  especially  luiderneath  an  articular  cartilage,  as 
will  afterwards  be  described.  The  extension  of  tubeixadoiis  ulceration  in 
puhnonary  phthisis  leads,  of  course,  to  a  destruction  of  blood  vessels,  a,nd  i,hes(3 
become  obliterated  in  the  manner  described,  as  the  ulceration  extends,  (hxaision- 
ally,  however,  an  artery  in  the  wall  of  a  cavity  may  have  its  wall  wc^jikcMuxl 
before  obliteration  occurs  ;  it  then  yields  and  an  aueurysm  may  form  (p.  436). 
Tuberculous  infection  has  been  observed  in  an  atheromatous  patdlx  of  the  aorta 
with  formation  of  thromlyus,  in  which  tubercle  bacilli  have  been  foimd,  but  it 
is  very  rare  ;  occasionally  a  similar  lesion  has  been  met  with  in  an  aorta  without 
atheromatous  change. 

Thrombo-angeitis  obliterans.  This  term  was  applied  by 
Buerger  in  1908  to  an  affection  characterised  by  progressive  lesions  in 
the  arteries  with  secondary  thrombosis.  It  is  met  with  at  a  relatively 
early  age,  being  not  uncommon  before  forty,  and  the  pathological  ch  anges 
show  that  it  is  distinct  from  both  atheroma  and  arterio-selerosis. 
The  clinical  features  are  characteristic  and  depend  upon  the  extvnsivc^ 
occlusion  of  the  arteries  by  thrombi.  Gangrene  often  supervenes, 
necessitating  amputation,  and  amputated  limbs  have  usually  supplied 
the  material  for  examination.  On  examination  of  such  a  limb  one 
usually  finds  many  arteries  completely  closed.  The  thrombi  are 
for  the  most  part  completely  organised  and  many  are  permeated 
by  comparatively  wide  vessels  (Fig.  201)  ;  others  again  show  changes 
at  an  earlier  stage.  The  condition  of  the  arterial  walls  varies  greatly, 
but  there  is  usually  considerable  fibrosis  of  the  media  and  adventitia 
(Fig.  202),  and  an  important  feature  is  that  the  fibrous  overgrowth 
may  extend  for  a  distance  around,  involving  nerves,  muscle  fibres, 
etc.  In  some  arteries  there  may  be  considerable  endarteritis  without 
thrombosis.  A  rather  striking  point  is  the  occurrence  in  the  thrombi 
of  focal  accumulations  of  cells  with  giant-cells  in  the  central  parts, 
the  appearance  resembling  that  of  tubercles.  Similar  changes  may 
be  present  in  the  accompanying  veins,  many  of  these  being  filled  with 
organised  thrombi,  and  Buerger  has  described  a  migrating  phlebitis 
affecting  also  the  superficial  veins  in  a  certain  proportion  of  cases. 
All  these  changes  are,  however,  at  a  comparatively  late  stage  of 
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tile  disease,  and  Buerger  considers  that  they  are  the  sequels  of  an 


JFig.  201. — Section  of  large  artery  in  tlirombo-angeitis  obliterans. 

The  lumen  is  occupied  by  an  organised  tlirombus  in  wMch  numerous  newly-formed  blood 
vessels  are  seen.  (G.  McC.)  X  40. 


earlier  more  acute  stage  which  he  has  found  in  some  instances. 
In  these  he  describes  an  . 


infiltration  of  the  arterial 
walls  by  polymorphonuclears 
and  also  accumulations  of 
these  cells  in  the  thrombi, 
which  are  afterwards  replaced 
by  granulation  tissue  with 
giant-cells.  It  remains  to,. be 
determined  to  what  extent 
this  is  the  ordinary  sequence  of 
events,  and  certainly  a  point 
requiring  elucidation  is  the 
progressive  character  of  the 
chronic  inflammatory  process. 

The  symptoms  are  varied 
and  depend  on  the  degree  of 
arterial  obstruction.  The 
earliest  are  pain,  disturbances 
of  sensation,  and  circulatory 
disturbances — ^local  redness, 
which  disappears  on  elevating  the  limb,  formation  of  vesicles,  etc. 
On  walking  there  is  often  cramp-like  pain  and  inahibty  to  progress 
— ^  intermittent  claudication  ’  j  this  is  a  result  of  imperfect  blood 


. . .  I , 


Fig.  202. — Tkrombo-angeitis  obliterans, 
,iate'  stage. 

Lumen  of  artery  is  filled  by  vascularised  tbiom- 
bus  and  there  is  much  fibrosis  in  the  wall  of  the 
vessel.  (G.  McC.)  x  60. 
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supply  and  may  be  met  with  in  other  forms  of  arterial  disease. 
Later,  more  severe  trophic  changes  appear,  intractable  ulceration, 
and  gangrene  which  is  apt  to  spread  slowly  ;  amputation,  sometimes 
repeated,  is  often  necessary  hut  may  be  minimised  by  therapeutic 
measures  designed  to  improve  the  collateral  circulation.  In  view  of 
the  widespread  involvement  of  the  arteries  it  has  now  been  recognised 
that  amputation,  if  required,  should  be  performed  at  a  high  level. 
The  disease  affects  the  arteries  of  the  lower  limbs  in  the  great  majority 
of  cases,  and  it  is  only  rarely  that  those  of  the  arms  are  involved. 
The  effects  which  we  have  mentioned  thus  usually  appear  first  in  the 
feet  (Eig.  203). 

The  disease  has  been  observed  almost  exclusively  in  males  (in 


Fig.  203. _ Foot  from  a  case  of  tlirombo-aiigeitis  obliterans,  showing  ulcers 

and  loss  of  toes  from  gangrene. 


99  per  cent,  of  cases,  according  to  Buerger),  and  it  often  starts  before 
middle  adult  life,  certainly  earlier  than  the  period  of  arterial  degenera¬ 
tion.  Its  prevalence  among  Jews  was  at  first  supposed  to  be  a  special 
feature,  but  subsequent  observation  showed  that  the  disease  has  a 
widespread  distribution  as  regards  both  locality  and  nationality. 
The  facts  established  point  to  the  disease  being  one  with  specific 
etiology,  caused  by  an  irritant  which  apparently  spreads  and  may 
possibly  be  of  organismal  nature  ;  but  so  far  no  organism  of  any  kind 
has  been  found.  Excessive  cigarette  smoking  has  been  blamed  by 
some  writers,  and  it  has  been  observed  that  in  affected  persons  excessive 
smoking  appears  to  be  related  to  attacks  of  superficial  migrating 
phlebitis  which  often  precede  exacerbations  of  the  arterial  disease. 

Periarteritis  Nodosa  or  Polyarteritis  Nodosa  Acuta.  The  latter  is 
the  preferable  term,  as  it  distinguishes  this  affection  from  nodose  periarteritis 
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caused  by  syphilis  (p.  305).  The  essential  feature  is  a  focal  periarteritis  with 
involvement  of  the  media  and  a  tendency  to  the  production  of  aneurysms.  The 
condition  is  on  the  whole  commonest  in  adult  life,  and  is  more  frequent  in  males 
than  in  females.  The  disease  may  riui  a  relatively  rapid  course  and  death  is 
then  usually  caused  by  haemorrhage.  The  lesions  are  especially  common  on 
the  visceral  arteries,  e.g.  coronary  arteries  of  the  heart,  renal,  splemc,  mesenteric, 
hepatic,  etc.,  and  also  in  muscle  and  subcutaneous  tissue,  and  are  indicated  by 
the  presence  of  nodules  or  patches  of  thickening  along  the  course  of  the  blood 
vessels.  Aneurysms  at  various  stages  of  formation  may  be  present  and  com¬ 
paratively  numerous.  On  microscopic  examination  it  is  found  that  in  the 
affected  parts  there  is  a  subacute  inflammatory  lesion  ■with  extensive  infiltratioii 
of  neutrophil  and  eosmophil  leucocytes  in  the  adventitia,  and  that,  along  ■witli 
this,  there  occurs  a  necrotic  change  in  the  adjacent  media.  The  necrosis  rapidly 
spreads  so  that  the  whole  thickness  of  the  wall  is  involved.  A  certain  amoimt 


Fig.  204a. — ^Polyarteritis  nodosa  acuta. 
Small  artery  in  kidney,  showing  in¬ 
flammatory  change.  Note  small 
aneurysmal  b-ulging  below.  (Dr. 
Janet  S.  F.  Niven.)  X  100. 


Fig.  2046. — Polyarteritis  nodosa  of  less 
acute  type  affecting  branch  of 
coronary  artery  of  heart.  Note 
eccentric  character  and  nipt'ure  of 
elastic  lamina.  (J.  S.  F.  N.)  X  50. 


of  compensatory  proliferation  may  be  found  in  the  iiitima,  but  this  rarely  reaches 
a  marked  degree.  Then  follows  a  stretching  of  the  degenerated  and  necrotic 
tissue,  and  an  aneurysm  soon  forms  (Fig.  204a).  Polyarteritis  has  recently  become 
much  more  common  than  formerly,  and  the  diagnosis  may  be  confirmed  during 
life  by  biopsy  of  muscle  or  of  a  subcutaneous  nodule-  With  regard  to  the 
etiology,  no  infective  agent  has  been  recognised  in  the  lesions,  but,  accoiding 
to  Rich,  allergic  super  sensitiveness  may  be  concerned.  There  is  freciuently  a 
liistorv  of  previous  administration  of  sidphoiiamides  or  other  drugs,  which  may, 
perhaps  by  combhiation  mth  tissue  proteins,  provide  a  new'  antigen  to  wliieh  the 
tissues  become  sensitised.  The  recent  merease  in  the  frequency  of  the  disease 
might  thus  be  attributable  to  the  wddespread  use  of  such  drugs. 

The  description  given  is  that  of  the  disease  in  its  acute  and  more  intense 
form,  hut  there  are  also  cases  in  which  the  affection  runs  a  more  chronic  course 
and  these  are  much  commoner.  In  them  the  damage  to  the  walls  of  the  arteries 
is  followed  by  reparative  proliferation  which  compensates  for  the  weakness,  and 
ill  this  way  aneurysm  formation  may  be  avoided.  The  result  is  that  the  forma- 
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Mon  of  nodular  thickenings  along  the  arteries  is  the  chief  feature,  and  these  may 
be  accompanied  at  places  either  by  a  certain  amount  of  dilatation  or  liy  dimi¬ 
nution  of  the  lumen  up  to  complete  occlusion.  Such  changvs  arc  u\cl  with 
mainly  in  the  visceral  arteries  and  vary  greatly  in  distri})ut ion  in  diffcmut  cases. 
The  arteries  of  the  kidneys  and  heart  (Fig.  204)  are  most  I’rcHiiuMitly  a,r(bctod 
and  in  these  organs  fibrotic  atrophy  or  infarction  I'ollows,  according  tc.)  thc^  (Icgroc 
of  obstruction.  In  the  former  considerable  irregularity  of  snihicc  ma,y  insult 


Fig.  205. _ Ividneys  in  polyarteritis  nodosa,  showing  multi|)l('  dc^pivsscMi  scars 

tinm  older  lesions,  and  some  small  infarcits  and  aneurysms  (Vom  more'  ivccad; 
acute  lesions.  (Dr.  H.  E.  Hntchison).  x  L 

owing  to  areas  of  local  shrinking.  The  vascularity  also  becomes  very  iirtgular 
(Fig.  205),  and  recovery  may  be  followed  by  hypialansion,  sonuhhues  of  smaan 
degree.  When  the  coronaries  are  affected  nodular  thickeniugs  may  be  j)i-('st'ut 
on  the  branches  on  the  surface  of  the  hea,rt. 

Temporal  Arteritis  (Giant -cell  Arteritis).  Tiiis  name  has  been  applied 
to  a  subacute  inflammatory  disease  afoecting  (‘sp(‘c.ially  the  temporal  arteries 
in  elderly  persons  and  associated  wdth  severe  hoadaclug  fever  and  other  general 
symptoms.  The  condition  appears  to  run  a  self-limited  course,  but  post-mortem 
examination  has  shown  that  the  lesions  are  not  limitcMl  to  the  temporal  vessels 
but  may  occur  also  in  the  aorta  and  visceral  a,rterics,  "riio  essential  k^sion.  is 
a  subacute  infiammatioii  of  the  adventitia,  spreading  into  th.o  :m(‘dia,  v4icro 
is  associated  with  foci  of  necrosis  ;  a  granulomatous  rc^phiccmeid)  of  the  media 
follows  and  partial  destruction  of  the  elastica  is  secai,  followcal  by  new  formation 
of  elastic  lamina).  Giant-cells  may  form  and  a  poorly  defined  follicuhrr  arclii- 
tecture  may  result.  The  iiitima  becomes  concentrically  thickened  and  in  the 
smaller  arteries  thrombosis  and  organisation  commonly  follow.  The  lesions  may 
be  difficult  to  distinguish  histologically  from  thrombo-angeitis  obliterans,  but  the 
age  and  sex  incidence  are  different,  and  the  disease  is  usually  self-limited. 

Rayaaud’s  Disease.  This  disease  is  almost  confined  to  females, 
the  essential  abnormality  being  excessive  vaso- constriction  in  response 
to  cold ;  it  may  be  conveniently  considered  here  as  the  effects  result 
from  arterial  contraction.  The  disease  as  described  by  Raynaud 
comprises  three  groups  of  phenomena,  viz.  {a)  local  synbope,  (b)  local 
asphyxia  and  (c)  symmetrical  gangrene.  These  pDhenomena  are 
paroxysmal  in  origin  and  pftripheral  in  their  distribution,  affecting 
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cMefly  parts  of  the  extremities.  They  may  occur  in  the  sequence 
mentioned  hut  this  is  not  always  the  case  ;  local  asphyxia,  for  example, 
may  occur  without  preceding  smicope.  All  the  effects  appear  to  he 
the  result  of  excessive  contraction  of  vessels  in  different  degi*ees ;  in 
fact,  the  changes  in  Raynaud’s  disease  may  he  regarded  as  a 
perverted  exaggeration  of  the  action  of  cold  seen  in  many  normal 
individuals.  Local  syncope  is  evidenced  by  intense  pallor,  coldness 
and  disturbance  of  sensation;  the  fingers  are  frequently  affected 
the  patient  suffers  from  ‘  dead  fingers.’  The  condition  underlying 
local  syncope  is  evidently  contraction  of  ah  the  vessels  of  the  part. 
In  local  asphyxia,  which  often  fohows  the  previous  condition,  the  part 
becomes  livid  and  of  dark  colour,  somewhat  swollen  and  remaining 
cold.  There  is  manifestly  here  contraction  of  arteries,  while  the 
capillaries  and  veins  are  dilated  and  filled  with  blood  of  high  oxygen 
unsaturation.  When  gangrene  supervenes  the  cyanotic  area  becomes 
deeper  in  colour,  brown  or  almost  black,  blisters  form  and  the  signs 
of  actual  death  of  the  part  soon  become  manifest.  The  parts  most 
frequently  the  seat  of  gangrene  are  the  fingers,  toes,  ears  and  tip  of 
nose.  It  has  been  repeatedly  shown  that  the  gangrene  is  not  the 
result  of  thrombus  formation  in  the  vessels,  the  lumen  being  found 
on  dissection  to  be  patent.  It  is  evidently  due  to  excessive  spasmodic 
contraction  of  the  arteries,  depending  apparently  on  a  state  of  hypei  - 
excitability  of  the  vessels  to  cold.  Operations  have  been  undertaken 
"with  the  object  of  eliminating  tbe  action  of  the  sympathetic.  Reri- 
arterial  sympathectomy  was  first  carried  out,  but  the  results  on  the 
whole  were  unsatisfactory*  Ganglioiiectomy  (upper  cervical  or  lumbar, 
as  the  case  may  be)  has  been  attended  by  much  more  favourable  and 
sometimes  striking  results,  and  more  recently  preganglionic  section  of 
the  medullated  fibres  leaving  the  spiaal  cord  to  join  the  sympathetic 
system  has  been  found  even  more  effective,  the  effect  on  the  vascifiar 
condition  being  produced  almost  at  once  and  apparently  being  lastiag. 
It  appears,  however,  that  the  fundamental  defect  is  in  the  vessels 
themselves  and  that  sjunpathectomy,  by  releasing  vaso-motor  control, 
merely  raises  the  level  at  wfficli  the  effects  of  cold  become  apparent 
(Lewis) .  Sometimes  late  in  Ra^maud’s  disease  structural  changes  may 
occur  in  the  arteries,  and  it  may  be  added  that  some  of  the  phenomena 
seen  in  Raynaud’s  disease,  such  as  local  asphyxia,  may  be  met  with 
in  association  with  paroxysmal  h^moglobniuiia  (p.  482),  especially 
when  it  is  accompanied  by  cold-hsemaggliitinins  in  the  plasma,  local 
obstruction  to  the  capillary  circulation  being  brought  about  by  masses 
of  agglutinated  red  cells. 


ANEURYSMS 

An  aneurysm  may  be  said  to  be  a  space  or  sac  formed  by  the 
widening  or  extension  of  the  lumen  of  an  artery,  and  thus  containing 
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blood  or  clot.  A  distinction  is  often  drawn  between  a  true  and  a 
false  aneurysm.  The  former  is  stated  to  be  one  enclosed  by  the 
stretched  and  altered  vessel  wall;  whilst  the  latter  is  said  to 
be  due  to  rupture,  the  blood  then  being  enclosed  by  the  condensed 
tissues  around.  This  distinction,  however,  is  not  quite  correct,  as 
in  the  ‘  true  aneurysm  ’  the  characteristic  elements  in  the  wall,  muscle 
and  elastic  tissue,  soon  disappear,  and  the  blood  is  enclosed  by  con¬ 
nective  tissue,  much  of  which  may  be  derived  from  the  tissues  outside 
the  vessel.  If  the  terms  are  to  be  used,  a  true  aneurysm  should 
mean  one  formed  by  slow  stretching,  and,  it  may  be,  gradual  destruction 
of  the  artery  wall,  while  a  false  aneurysm  is  one  produced  by  actual 
rupture  of  the  wall.  After  a  time  the  two  forms  come  to  be  closely 
similar  in  essential  structure.  An  aneurysm  may  involve  the  wall 
in  its  whole  circumference,  and  is  then  usually  of  diffuse  or  fusiform 
type ;  or  it  may  form  as  a  bulging,  and  then  tends  to  be  of  the 
saccular  type.  In  the  latter,  the  aperture  of  communication  with  the 
artery  may  be  relatively  small  or  large,  and  in  fact  the  whole  of  the 
wall  may  be  incorporated.  These  descriptive  terms  are,  however, 
applicable  only  to  aneurysms  in  the  earlier  stages.  At  a  later  period 
they  may  extend  in  various  directions  and  become  quite  irregular 
in  form. 

Causation.  In  every  aneurysm  the  essential  cause  is  some  local 
lesion  or  weakness  of  the  wall,  and  this  must  involve  the  media. 
The  force  which  forms  an  aneurysm  is  of  course  the  blood  pressure, 
and  accordingly  aneurysms  are  commonest  in  those  subjected  to  the 
strain  of  hard  physical  labour.  But  high  blood  pressure  never  leads 
to  an  aneurysm  so  long  as  the  wall  is  heal  thy ,  The  lesion  of  the 
media,  which  is  the  most  important  factor,  may  result  from  an  extension 
of  disease  either  [a)  from  outside  the  vessel,  or  (6)  from  within,  that 
is,  through  the  intima  which  is  first  implicated. 

(A)  Extension  of  disease  from  outside  is  seen  in  syphilitic  mes- 
aortitis,  which  is  by  far  the  commonest  cause  of  aneurysms  of  the 
aorta  ;  here  the  disease  begins  in  the  adventitia  and  passes  inwards 
around  the  vasa  vasorumf  The  lesion,  having  reached  the  media, 
leads  to  destruction  of  the  elastic  tissue  and  muscle  fibres,  and  thus 
to  a  local  weakness. 

Aneurysms  may  arise  also  by  the  extension  of  an  ulcerative 
process  to  the  artery  wall,  which  thus  becomes  weakened  and  yields. 
In  such  cases  the  ordinary  result  is  that  the  intima  reacts  in  the  form 
of  endarteritis  obliterans,  or  the  vessel  may  become  thrombosed ; 
but  when  the  ulcerative  process  has  proceeded  more  rapidly,  the 
damage  to  the  media  may  occur  before  these  defensive  processes  hav  e 
had  time  to  come  into  play  ;  the  aneurysms  which  form  in  tuberculous 
cavities  in  the  lungs  are  an  excellent  example.  They  are  sometimes 
as  large  as  a  cherry,  but  usually  they  are  smaller,  and  they  may 
produce  a  fatal  result  by  rupture.  In  the  floor  of  a  gastric  ulcer,  an 
arterial  branch  may  become  similarly  involved,  and  an  aneurysm, 
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which  may  afterwards  rupture,  may  he  produced  before  the  vessel 
has  undergone  obliteration.  Of  the  same  nature  as  these  aneurysms 
is  the  type  met  with  in  polyarteritis  nodosa  (p.  311),  where  the  essential 
change  is  necrosis  and  weakening  of  the  media  as  the  result  of  an 
uiflammatory  process  spreading  from  outside. 

(B)  Extension  of  disease  from  ivitliin  to  the  media  is  seen  in  the 
case  of  atheroma.  As  has  been  described,  damage  of  the  media 
by  this  lesion  occurs  chiefly  in  the  smaller  arteries,  and  atheroma 
may  be  present  in  the  aorta  in  marked  degree  mthoiit  seriousl}" 
affecting  the  media.  Sometimes,  however,  the  media  of  the  aorta 
may  be  considerably  diseased  underneath  an  atheromatous  patch, 
and  Coats  considered  that  a  calcified  patch  when  present  had 
an  important  effect,  impinging  on  and  damaging  the  media.  It  has 
come  to  be  recognised,  however,  since  the  syphilitic  lesions  have  been 
more  fully  differentiated,  that  atheroma  is  a  relatively  uncommon 
cause  in  the  thoracic  aorta,  though  rather  less  uncommon  in  the 
abdominal  portion.  Extension  of  damage  from  within,  that  is,  through 
the  intima,  is  well  exemplified  in  the  case  of  infective  or  mycotic 
aneurysms  due  to  an  invasion  of  pyogenic  organisms  from  an  infected 
thrombus  or  embolus. 

Aneurysms  of  the  Aorta  and  its  Large  Branches.  The 
commonest  site  is  the  aortic  arch,  because  it  is  the  part  most  frequently 
affected  by  syphilitic  disease  ;  next  come  the  thoracic  and  the  ab¬ 
dominal  aorta,  and  then  the  main  branches  from  the  arch.  As  has 
been  stated  above,  syphilitic  disease  is  by  far  the  commonest  cause 
of  large  aneurysms.  It  will  he  readily  understood  from  the  descrip¬ 
tion  given  above  (p.  304),  how  the  supporting  power  of  the  media 
becomes  weakened  at  places  by  the  syphilitic  lesion,  and  it  is  not 
uncommon  to  find  in  a  syphihtic  aorta  small  depressions  or  aneim^^  sms 
in  various  stages  of  formation.  Degenerative  atheroma  is  occasionally 
a  cause  of  localised  aneurysm,  especially  in  the  abdominal  aorta, 
though  it  more  frequently  gives  rise  to  general  dilatation  of  the  wall. 
It  is  to  be  noted  that  the'^age  of  most  frequent  occurrence  of  aneurysm 
(40  to  50)  is  earlier  than  that  at  which  marked  atheroma  is  common, 
and  this  is  due  mainly  to  syphilis  being  the  common  cause,  but  also 
partly  to  special  physical  strain  at  the  earlier  period.  It  is  of  mterest 
to  note  that  since  the  introduction  of  salvarsan  and  other  specific 
treatment  aneurysms  have  become  much  less  fireqiient. 

When  a  distinct  aneurysmal  pouch  has  formed  in  a  large  artery, 
it  will  usually  be  found  that  the  muscular  and  elastic  tissues  of  the 
media  have  their  continuity  broken  at  the  part ;  in  fact  there  may 
be  little  media  left  even  when  the  pouch  is  quite  smaU,  and  any 
remains  of  the  elastic  tissues  are  in  a  more  or  less  degenerated  con¬ 
dition.  The  intima  disappears  in  places  and  ultimately  altogether, 
and  thus  the  wall  of  the  sac  before  long  comes  to  be  composed  of 
layers  of  fibrous  tissue,  on  which  laminated  thrombus  often  ^rins. 
Embolism  from  such  a  source  is  rare.  Blood  infiltrates  the  wall  of 
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an  aneurysm  and  coagulates  ;  and  thus  the  limits  of  the  wall  come 
to  he  badly  defined.  Soaking  of  blood  may  extend  for  some  dis¬ 
tance  into  the  tissues  around,  and  accordingly,  when  the  aneurysm 
is  ulcerating,  say  into  a  bronchus,  there  may  be  slight  haemorrhage 
for  some  time  before  the  final  gush  occurs. 

Once  an  aneurysm  has  started  it  tends  to  go  on  increasing  in  size. 
This  is  partly  because  its  wall  is  weaker  than  the  original  vessel  wall, 

and  partly  because  of  the 


principle  in  physics  that  as 
the  diameter  increases  the 
tension  on  the  wall  in¬ 
creases  proportionately,  the 
blood  pressure  remaining 
constant  ;  that  is,  the  larger 
the  sac  the  greater  is  the 
stretching  force  to  which  it 
is  subjected.  Occasionally 
thrombus  formation  occurs 
in  thick  layers  which  come 
to  fill  the  whole  sac,  and 
thus  a  spontaneous  cure 
may  follow.  This,  however, 
is  rare,  and  takes  place 
chiefly  when  the  aperture 
into  the  aneurysm  is  com¬ 
paratively  small ;  as  a  rule, 
the  thrombus  in  its  growth 
does  not  keep  pace  with 


Fig.  206. — Abdorninal  aorta,  showing  orifice 
of  aneurysm. 

The  iritima  of  the  aorta  is  the  seat  both  of  atheroma 
and  of  syphilitic  disease,  x  t* 


the  enlargement  of  the  sac, 
and  only  partially  fills  it. 
As  an  aneurysm  increases 
in  size,  the  maximum  ex¬ 


tension  may  be  in  any  direction,  and  accordingly  it  may  be  im¬ 
possible  to  say  during  the  life  of  the  patient  from  what  part  of  a 
vessel,  and  sometimes  even  from  which  vessel,  the  aneurysm  has 


taken  origin. 

Effects.  An  aneurysm,  of  course,  produces  important  results 
by  pressure  on  surrounding  structures  ;  if  these  are  movable  they 
are  displaced,  but  if  they  ofier  resistance  they  undergo  destructive 
absorption.  The  most  striking  example  of  the  latter  effect  is  seen 
m  bone,  which  often  undergoes  extensive  erosion  and  destruction. 
Thus  the  bodies  of  the  vertebrae  may  become  eroded  and  the  bare 
bone  come  to  form  part  of  the  waif  of  the  sac  ;  the  intervertebral 
discs  offer  greater  resistance  to  absorption  and  persist  longer.  The 
pressure  effects  of  an  intrathoracic  aneurysm  are  very  various.  The 


large  veins  may  be  pressed,  on  and  undergo  thrombosis,  and  venous 
engorgement  in  the  corresponding  area  will  result.  The  oesophagus 
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may  be  implicated  and  swallowing  may  be  interfered  with  ;  a  broiicliiis 
may  be  narrowed  and  retention  piieumoiiia  occur  ;  and  aneurysm  of 
the  transverse  part  of  the  aortic  arch  tends  to  cause  iiivolTemeiit  of 
the  left  recurrent  lar3nigeal  nerve  with  paralysis  of  the  left  vocal  cord. 
Bupture  of  an  aneurysm  may  occur  into  practically  any  tube  or  cavity 
in  its  neighbourhood,  and  occasionally  takes  place  externally  through 
the  chest  wall.  The  commonest  site  of  rupture  is  into  the  trachea 
or  a  bronchus,  but  the  sac  may  burst  into  the  pleura  or  lung  substance, 
into  the  pericardium,  into  the  oesophagus,  into  a  large  vein,  and  even 
into  an  auricle,  the  pulmonary  artery  or  the  right  ventricle.  As 
has  been  already  mentioned,  fatal  rapture  be  preceded  by 

oozing  of  blood  for  some  time  ;  this  is  often  noteworthy  in  the  case 
of  the  respiratory  passages.  Rupture  of  an  abdominal  aortic  aneurysm 
gives  rise  to  a  large  mass  of  retroperitoneal  clot  in  which  the  kidneys 
may  be  buried,  and  the  onset  is  often  marked  by  syiiiptoins  like  those 
of  an  acute  surgical  emergency. 

It  is  frequently  stated  that  aneurysm  leads  to  hypertrophy  of 
the  left  ventricle.  That  is  certainly  not  our  experience  and  there 
does  not  seem  any  reason  why  this  result  should  occur,  as  there  is  no 
.  interference  with  the  normal  output  of  the  heart.  H3^ertrophy  and 
dilatation  may,  of  course,  occur  from  associated  causes ;  for  example, 
when  incompetence  of  the  aortic  valve  has  resulted  from  spread  of 
the  disease  from  the  aorta.  But  we  have  seen  many  cases  of  very 
large  aneurysms  without  the  presence  of  any  cardiac  enlargement. 

Aneurysms  of  the  Smaller  Arteries,  due  to  chronic  disease 
such  as  arterio -sclerosis  or  atheroma,  are  relatively  uncommon. 
They  are  occasionally  met  with  on  the  splenic,  mesenteric,  renal 
arteries,  etc.  Aneurysm  of  the  popliteal  artery,  once  pretty  common 
according  to  the  published  accounts,  is  now  hardly  seen.  It  used 
to  be  met  with  in  post-boys  and  others  who  had  much  riding,  and  its 
occurrence  was  favoured  by  the  S-shaped  bending  w’-Mch  the  vessel 
undergoes  when  the  limb  is  flexed.  Aneurysms  of  the  cerebral  arteries 
have  special  features,  and  will  be  considered  by  themselves. 

Infective  or  Myootic  Aneurysyns.  These  are  produced  by  invasion 
of  the  wall  by  organisms,  nsually  the  pyogenic  cocci.  This  may 
occur  at  the  beginning  of  the  aorta  as  the  result  of  direct  extension 
of  organisms  from  vegetations  in  bacterial  endocarditis  (Fig.  233). 
The  organisms  settle  on  and  damage  the  intima,  and  an  infective 
thrombus  forms.  Invasion  and  weakening  of  the  wall  follow,  and 
an  acute  aneurysm  is  produced,  which  may  rupture  ;  occasionally 
more  aneurysms  than  one  are  present.  Aneurysm  in  bacterial  endo 
carditis  is  not  of  common  occup:ence,  and  according  to  our  experience 
is  met  with  mainly  in  staphylococcus  infection.  In  other  cases  an 
aneurysm  is  produced  by  infective  emholism,  and  here  also  the  wall 
of  the  artery  is  weakened  by  the  bacterial  action.  Such  a  result  is 
sometimes  seen  in  the  cerebral  arteries,  and  fatal  haemorrhage  may 
be  produced.  An  aneurysm  of  this  nature  may  form  also  in  an 
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artery  of  a  limb  or  other  part  of  the  body.  In  some  cases  at  least  this 
results  from  the  lodgment  of  bacteria  or  a  small  infected  embolus  in 
the  vasa  vasoriim,  with  consequent  inflammatory  softening  of  the 
arterial  wall,  rather  than  from  the  presence  of  an  infected  embolus 
in  the  lumen  of  the  artery. 

Cerebbal  Aneurysms.  Aneurysms  of  the  cerebral  arteries  are 
of  importance  as  they  are  comparatively  common,  and  frequently 
rupture  giving  rise  to  fatal  hmmorrhage.  Two  varieties  may  be  dis¬ 
tinguished,  as  regards  their  sites  and  the  period  of  life  at  which  they 
occur — viz.  miliary  aneurysms,  and  larger  aneurysms  in  connec¬ 
tion  with  the  circle  of  Willis  and  its  branches.  Miliary  aneurysms 
are  often  described  as  the  common  cause  of  cerebral  hasmorrhage  in 
cases  of  arterio-sclerosis  with  high  blood  pressure.  But  in  our  experi¬ 
ence  they  are  usually  sought  for  in  vain,  and  many  of  the  little 
swellings  to  be  noted  along  the  small  arterial  twigs  in  such  cases  are 

really  due  to  extravasations  of  blood 
perivascular  tissue  or  into  the 
‘  **  vessel  walls.  Such  lesions  occur  especially 

on  the  deep  nutrient  arteries,  chiefly  in 
^  the  region  of  the  internal  capsule. 

siK  '  Aneimjsms  of  the  circle  of  Willis  and 

H  ’  its  branches  usually  occur  singly,  and  are 

®  often  of  about  the  size  of  a  small  pea, 

though  sometimes  they  may  be  consider- 
ably  larger  (Fig.  207).  They  are  met  with 
W  ^  in  the  earlier  years  of  life  as  well  as  later, 

form  withoxit  the  presence  of 
»  any  arterial  disease.  The  commonest  site 

^  is  at  the  bifurcations  of  the  mahi  arteries 

of  basilar  artery.  Nat.  size.  of  the  circle  of  Wiliis  ;  the  anterior  com¬ 
municating  artery  is  a  frequent  site  (Fig. 
208),  also  the  point  of  origin  of  the  middle  cerebral,  but  they  may 
arise  practically  anywhere— in  fact  aneurysm  should  be  suspected  in 
the  examination  of  any  cerebral  hsemorrhage  in  an  unusual  situation. 
In  view  of  the  frequent  absence  of  any  discoverable  cause  for  such 
aneurysms,  it  seems  probable  that  they  may  be  due  to  some  con¬ 
genital  weakness  or  deficiency  of  the  artery  wall.  Such  an  occurrence, 
of  course,  cannot  be  demonstrated  after  the  aneurysm  has  formed, 
but  recent  observations  have  shown  the  presence  of  a  deficiency  in 
muscle  in  other  parts  of  the  arteries  at  the  base  of  the  brain  when 
an  aneurysm  has  been  present.  The  deficiency  occurs  especially  in 
the  acute  angle  between  two  large  branches.  An  inherent  defect  in 
the  elastica  has  not  been  similarly  demonstrated,  but  there  is  no 
doubt  that  when  dilatation  starts  the  elastica  soon  becomes  degenerate. 
Aneurysms  of  this  type  are  now  often  known  as  congenital  aneurysms, 
but  only  the  defect  is  congenital.  Occasionally  aneurysms  of  the 
larger  cerebral  arteries  are  due  to  atheroma.  The  origin  of  some  of 


Fig.  207. — Large  aneurysm 
of  basilar  artery.  Nat.  size. 
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them  has  also  been  ascribed  to  sypiiiliSj  and  this  possibility  cannot 
be  excluded.  We  have,  however,  never  seen  an  undoubted  example 
of  such  an  occurrence. 

Other  forms  of  aneurysm  may  be  mentioned.  A  traimiatic 
anmnjsm  may  be  produced  by  iiijuiy  to  the  vessel  wall  by  a  stab  or 
bullet  wound,  or  by  a  spicule  of  fractured  bone.  The  refeult  is,  of 
course,  hsemorrhage  into  the  tissues  wdth  formation  of  a  localised 
hematoma,  but  after  a  time- reactive  changes  occur  around  the  blood 
and  a  layer  of  granulation  tissue  is  formed,  which  may  produce  a 


Fig.  20S.— Circle  of  Willis,  showing  small  aneurysm  on  the  anterior 
communicating  artery.  Kat.  size. 


remarkably  defined  wall  to  the  space.  If  a  vein  be  mjured  at  tp 
same  time”as  the  artery,  the  arterial  blood  makes  its  way  into  the  yem 
and  causes  a  pulsatfie  distension  of  the  latter.  Such  a  condition 
which  was  not  uncommon  at  the  elbow  in  days  of  venesection,  is  c^ed 
aneurysmal  varix.  In  other  cases  again,  an  aneurysm  may  eflect 
commnmoation  with  a  vein  and  then  the  term  mricose  aneurysm  is 
used.  When  the  vein  involved  is  of  large  size,  for  example,  one  ot 
the  large  veins  of  the  thorax  in  a  case  of  aortic  aneurysm,  serious 
disturbance  of  the  circulation  may  be  brought  about  and  a  fatal  result 

mav  foUow  very  quickly.-  . 

The  term  dissecting  aneurysm  is  applied  when  the  space  contain¬ 
ing  the  blood  is  actually  in  the  waU  of  the  artery,  usually  the 
aorta.  The  common  cause  of  the  condition  is  some  lesion  of  the 
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media,  and  the  media  ruptures  before  the  intima  gives  way  (dheiuiau). 
It  is  generally  agreed  that  syphilis  has  no  relation  to  the  occurrence 

of  dissecting  aneurysm.  ^  ^ 

In  our  opinion  the  majority  of  dissecting  aneurysms  result  frorn 
incomplete  rupture  of  the  aorta  and  we  have  observed  all  stages  of 
formation  of  dissecting  aneurysms  from  a  rapidly  fatal  acute 
(F'io'.  211)  to  a  fully  developed  long-standing  lesion  with  a  double 
aortic  channel  (Fig.' 209).  Apart  from  the  presence  of  an  ordinary 
saccular  aneurysin,  spontaneous  rupture  of  the  aorta  results  from 
degenerative  and  cystic  changes  in  the  media,  as  a  result  of  which 
the  elastica  and  muscle  are  replaced  by  a  metachromatic  mucoid 
substance  (Fig.  2 10a  and  b).  Sometimes  there  are  small  areas  ot 
necrosis  with  softening  and  the  term  rAedionecrosis  is  then  approiiriate. 


but  in  our  experience  this  is  rare.  The  commonest  site  for  rupture  is 
shortly  above  the  aortic  cusps;  next  in  frequency  is  3^ 

distal  to  the  insertion  of  the  ductus  arteriosus.  At  the  site  thcie  is 
found  a  transverse  tear  like  a  cut  which  may  extend  around  almost 
the  entire  circumference.  Presumably  the  degenerate  tissue  ol  the 
media  gives  way  under  the  vertical  thrusting  force  of  the  blood  ejected 
in  systole.  The  outer  parts  of  the  media  and  adventitia  are  not  usual  y 
severed,  but  are  widely  infiltrated  with  blood,  and  consequently  mere 
is  a  certain  degree  of  dissecting  aneurysm  pnocuccc,.^  .  n  prOx 
ruptures  Mood  commonly  passes  backwards  and  withm  a  few  hours 
enters  the  pericardial  sac  where  it  causes  death  acutely  fawn  cardiac 
tamponade ;  intra-pericardial  rupture  may  be  pireceded  by  sigiis  o 
coronary  occlusion  from  pressure  upon  these  vessels  at  their  origm. 
In  other  cases  the  blood  strips  open  the  media  distally  between  the 
outer  and  middle  thirds  and  passes  along  the  wall  of  the  thoracic, 
and  0Y611  th.6  abdominal,  aorta,  finally  xnptixring  into  t  ie  rejTOpcii 
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toiieal  tissues  but  occasionally  returning  into  the  lumen  of  the  aorta 
or  iliac  vessels  at  a  lower  level.  If,  in  .such  a  case,  death  i.s  not  brought 
about  acutely,  a  ilissecting  aneurysm  results.  In  our  experience  this 
is  more  likely  to  happen  in  the  case  of  rupture  at  the  distal  site,  most 
of  the  cases' of  proximal  rapture  siirvivmg  only  a  short  time,  in  a 
fully  formed  dissecting  aneurysm  the  blood  flows  through  a  new 
channel  from  the  aperture  of  entry  about  the  arch  to  the  point  of 
re-ciitry  in  tlic  lower  alxioiniiial  aorta . 


Fig.  210. — Cystic  mucoid  degeneration  of  aorta. 

tiif-  de-'^enerate  mucoid,  matrix  is  stained  speciftcaUy  and  appears  black ; 

(,»  and  is  seen  to  show  mmerous  gaps  .  4.,>. 

Prom  a  case  of  spontaneous  rapture  of  the  aorta  in  a  girl  of  24  years.  Dr.  J.  A.  Milne. 

A  less  frequent  occuri-enee  is  that  an  ulcerated  atheromatous  patch 
first  gives  wav  and  then  the  blood  passes  into  the  media.  M  hen  the 
condition  lasts  for  a  long  time,  prohferation  occurs  m  the^waUs  of  the 
channel  and  an  appearance  simulating  new  mtima  may  be  produced. 
This  is  well  seen  in  a  specimen  which  we  have,  where  the  upper  openmg 
is  above  a  congenital  stenosis  at  the  end  of  the  arch,  pccasiona  y, 
though  rarelv,  a  dissecting  aneurysm  remains  looahsed  (hig.  -M- 
Dissecting  aneurysm  is  commonest  in  the  later  years  of  adult  hie 
and  high  blood  pressure  vdth  hj-pertrophy  of  the  heart  has  been  found 
in  the  majority  of  such  cases.  It  is  met  with  also  at  an  earlier  period 
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jiiid  Figs.  a.nd  b  are  Iroiii  a  young  woiiiaii  aged  24.  Tlie  staid 

of  the  aneurysiu  is  soiiietimc^s  riiarked,  as  in  tliis  oasis  liy  sudden 
lancinating  pain.  Sinatl  dissecting  aneuiy^sius,  usually  localised  as 
iiseniatoiiiata,  may  form  in  connection  with  the  smaller  arteries  for 
example,  the  deep  nutrient  arteries  of  the  brain,  notably  in  cases 
of  high  blood  pressure. 

Apart  from  siieli  degenerative  conditions  rupture  ot  the  aorta  may 
be  the  result  of  damage  to  its  wall  from  outside,  e.g.  by  the  perforation 
of  an  impacted  fish  bone  in  the  oesophagus,  cancerous  invasion,  etc. 
It  may  also  be  due  to  very  severe  injury,  for  example,  that  resulting 
from  a  fall  from  a  great  height,  and  we  have  seen  it  follow  crushing 
injury  to  the  chest" in  children  without  fracture  of  the  ribs. 


Fig.  211. — Rupturo  of  aorta  witli  acute 
d i ssectiiig  aueury sin . 

There  is  a  transverse  rupture  above  the  aortic 
valve  and  the  blood  has  separated  intima  and 
inner  part  of  media  almost  as  a  complete  tube. 
a  points  to  dissecting  aneurysm  in  which  some 
blood  is  still  present,  x  3. 


Fig.  212.— -Localised  chronic  dissect¬ 
ing  aneurysm ;  tlio  space  in  the 
media  is  filled  with  dense  clot.  Nat. 
size. 


The  term  cirsoid  or  racemose  aneurysm  is  applied  to  a  collec¬ 
tion  of  tortuous  and  dilated  arteries  which  form  a  pulsatile  swell¬ 
ing.  The  commonest  site  is  the  scalp,  and  a  certain  amount  of 
atrophy  of  the  underlying  bone  may  he  produced.  Ihe  capillaries 
and  veins  of  the  part  may  also  be  increased  in  number,  and  the 
condition  is  apparently  of  congenital  origin. 


(B)  VEINS 

Compensatory  enlargement  of  the  veins,  or  what  is  really  hyper¬ 
trophy,  takes  place,  as  in  the  arterial  system,  when  an  increased 
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collateral  flow  is  produced  by  obstruction  in  a  large  vein.  Here  too 
as  in  the  case  of  arteries,  the  dilatation  is  followed  by  hyperplasia 
of  the  various  elements  in  the  wall  of  the  vessels.  eiiis  are,  of  course, 
not  exposed  to  the  marked  variations  of  blood  pressure  which  occur 
m  arteries,  but  when  they  are  subject  to  chronic  over-distension, 
compensatory  changes  occur  in  their  walls.  There  is  little  or  no 
hyperplasia  of  the  muscle,  but  considerable  increase  of  the  elastic  tissue 
occurs,  and  at  a  later  stage,  just  as  in  arteries,  this  undergoes  degener¬ 
ation,  whilst  the  fibrous  tissue  becomes  thickened  and  hyaline. 
Localised  patches  of  thickening  in  the  iiitima  of  veins  are  not 
micommoii,  but  the  fatty  changes  which  are  so  promiiieiit  a  feature 
in  arteries  are  not  met  with  to  any  extent. 

Acute  Phlebitis.  This  condition,  which  is  the  result  of  bacterial 
invasion,  is  of  great  importance  in  view^  of  the  thrombosis  which 
occurs  along  with  it,  and  the  suppurative  softening  which  may  follow 
in  the  thrombus  and  give  rise  to  pyemia.  Acute  phlebitis  is  met 
with  in  puerperal  and  other  septic  conditions,  in  specific  fevers, 
especially  t:^^hoid,  etc.  In  such  cases  the  inflammatory  lesion  of  the 
w^all  of  the  vein  maybe  comparatively  slight  and  then  the  most  pro¬ 
minent  feature  is  thrombosis.  '  In  others  again,  the  intima  is  covered 
bv  fibrinous  and  purulent  exudate,  and  a  variable  degree  of  sup¬ 
purative  softening  of  the  thrombus  is  present. 

(a)  In  one  t'ype  of  case,  the  organisms  reach  the  vein  by  the  circu¬ 
lating  blood,  settle  in  the  intima,  and  produce  an  acute  eiidophlebitis 
with  tlirombosis.  The  inflammation  may  extend  through  the  wall  of 
the  vein  and  may  lead  to  an  accompanying  lymphangitis.  Such 
an  occurrence  is  common  in  the  veins  of  the  leg  and  is  attended  by 
pain  and  tenderness,  and,  if  the  vein  is  large,  by  oedema  of  the  leg. 
A  portion  of  the  thrombus  may  be  detached  and  lead  to  embolism 
of  the  pulmonary  artery,  sometimes  with  fatal  result.  ^  Whilst  we 
have  said  that  acute  phlebitis  is  produced  by  organismal  invasion,  it 
must  be  recognised  that  all  degrees  of  inflammatory  reaction  are 
met  with,  and  it  is  not  always  possible  to  draw  the  line  between 
the  milder  forms  of  infection  and  simple  thrombosis  without  the 
presence  of  organisms.  When  inflammatory  change  is  slight  the  chief 
results  are  of  a  mechanical  nature  due  to  the^  thrombosis  ;  these  have 
been  described  in  a  previous  chapter  (p.  25). 

(b)  In  the  second  type  of  case,  the  phlebitis  is  produced  by  an  ex¬ 
tension  of  the  organisms  from  a  septic  focus  outside.  The  wall  of  the 
vein  becomes  intensely  inflamed  and  often  hiffltrated  with  pus,  while 
the  intima  becomes,  covered  by  exudate  ;  this  secondary  imphcatioii  of 
the  intima  of  course  again  leads  to  thrombosis.  The^  thromb^ 
formed  is  at  first  of  the  ordinary  type,  but  may  become  invaded  by 
organisms  which  produce  a  purulent  softening,  sometimes  attended 
by  putrefactive  change.  Pyemia  may  result,  though  this  is  often 
prevented  by  extension  of  the  thrombus  beyond  the  parts  mvaded 
by  organisms.  Such  a  type  of  phlebitis  is  specially  apt  to  occur  m 
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certain  situations— for  example,  in  the  veins  of  the  diploe  or  cerebral 
sinuses  in  middle  ear  disease,  in  branches  of  the  portal  vein  in 
ulcerative  lesions  of  the  alimentary  canal,  appendicitis,  etc.,  in  the 
uterine  veins  in  septic  conditions  of  the  uterine  cavity,  in  the  veins 
of  the  bone-marrow  in  suppurative  osteomyelitis,  and  occasionally 
in  the  pulmonary  veins  in  cases  of  bronchiectasis  or  gangrene  of  the 
lungs.  It  was  by  such  an  implication  of  the  veins  that  pyaemia 
occurred  commonly  in  coimection  with  wounds  in  pre-antiseptic 
days  (see  also  p.  178).  In  some  cases  the  inflammatory  process 
which  has  started  in  a  small  branch  ascends  in  the  vein  and 
leads  to  progressive  thrombosis  and  suppuration.  Ihis  is  well 
seen,  for  example,  in  the  case  of  the  portal  vein,  and  the  con¬ 
dition,  known  as  pylephlehitis  suppurativa,  may  lead  to  abscesses  in 
the  liver. 

Recently  Fisher  in  Northern  Rhodesia  described  a  variety  of  acute 
phlebitis  occurring  in  adults,  both  European  and  Bantu,  accompanied 
by  fever,  muscular  spasm  and  pain  and  tenderness  along  the  course 
of  the  veins,  the  femoral  being  most  frequently  affected.  The  disease 
runs  a  self-limited  course,  but  in  about  10  per  cent,  proves  fatal  from 
involvement  of  visceral  veins .  It  is  probable  that  this  form  of  prhnarij 
tropical  phlebitis  is  the  underlying  cause  of  Serenje  leg,  a  fairly 
common  disorder  in  Africa  characterised  by  chronic  oedema .  Bacterio¬ 
logical  studies  failed  to  demonstrate  micro-organisms  of  any  kind. 
Lendrum  described  the  histological  appearances  as  a  peculiar  type  of 
inflammatory  reaction  characterised  by  gross  interruption  of  the  vein 
wall  by  new  capillaries  with  many  polymorphs  and  macrophages,  some 
of  which  contained  phloxinophil  inclusion  bodies  of  unknown  nature. 
Thrombosis  of  the  vessels  is  secondary  to  the  lesion  of  the  vein  wall. 

Chronic  Phlebitis.  Chronic  inflammatory  processes  may  spread 
to  the  walls  of  the  veins  and  lead  to  reactive  thickening  ;  in  fact, 
the  minute  veins  are  affected  in  this  way  in  all  chronic  inflammatory 
conditions.  Such  a  condition  can  often  be  well  seen  in  syphilitic 
lesions,  especially  in  the  smaller  venous  branches,  both  in  the  primary 
and  later  stages .  In  cases  of  nodular  gummatous  periarteritis  (p .  305 ) , 
nodules  of  character  similar  to  those  on  the  arteries  have  been  ob¬ 
served  along  the  veins.  Chronic  phlebitis  is  occasionally  met  with 
in  the  large  vessels  and  the  cause  may  be  quite  obscure.  It  is  seen, 
for  example,  in  the  portal  vein,  where  it  may  occur  apart  from  syphilis. 
Chronic  phlebitis  may,  of  course,  lead  to  thrombosis,  and  when  this 
has  existed  for  some  time,  it  may  be  impossible  to  say  whether  the 
changes  present  in  the  vein  wall  are  primary  in  nature  or  secondary 
to  the  thrombosis.  Phlebitis  is  a  common  accompaniment  of  Buerger’s 
disease. 

Tvbercvious  invasion  of  veins,  which  is  of  great  importance  in 
relation  to  acute  miliary  tuberculosis  (p.  91),  is  seen  in  two  forms. 
In  one,  where  infection  apparently  takes  place  from  the  blood,^  there 
is  an  affection  of  the  intima,  in  which  single  or  multiple  foci  may 
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occur.  Occasionally  the  lesion  is  of  the  nature  of  a  raised  yellowish 
patch  of  considerable  extent  and  thickness,  and  when  it  ulcerates, 
numerous  bacilli  pass  into  the  blood  stream,  acute  miliary  tuberculosis 
resulting.  This  lesion  has  been  met  with  most  frequently  in  the  vein.s 
of  the  lungs,  but  occasionally  in  other  parts.  In  the  other  mode 
of  blood  infection  a  caseous  mass,  often  in  a  lymphatic  gland,  invades 
and  destroys  the  wall  of  the  vein  and,  on  its  erosion,  a  similar  result 
follows. 

Veins  may  be  invaded  by  malignant  tumours,  and  a  growtia 
may  occasionally  extend  in  tke  lumen  for  some  distance.  This  ^is 

sometimes  a  prominent  feature  in  cases  of  hj^pernephroma  of  the 
kidney  ;  the  tumour  growth  is  often  attended  hy  thrombosis. 

Varicosity  of  Veins.  Dilatation  of  veins,  accompanied  bj  length¬ 
ening  and  varicosity,  may  affect  a  group  in  a  diffuse  manner,  or  maj 
be  rnore  in  the  form  of  saccular  dilatations.  Certain  veins  are  specially 
prone  to  be  affected— the  veins  of  the  legs,  notably  the  long  saphenous 
vein  ;  the  spermatic  veins,  especially  on  the  left  side  ;  the  pampiniform 
plexus,  and  in  portal  obstruction  the  hemorrhoidal  and  lower  oeso¬ 
phageal  veins  (p.  13).  In  some  cases  the  condition  may  he  clearly 
traced  to  over-distension  by  some  obstructive  lesion,  hut  in  other 
instances,  e.g.  in  varicocele  and  in  varicose  veins  of  the  legs,  it  is 
sometimes  not  possible  to  state  its  exact  cause.  Distension  of  a 
vein  such  as  the  saphena  may  lead  to  incompetence  of  valves,  and 
thus  greater  hydrostatic  pressure,  owing  to  the  increased  column  of 
blood,  acts  on  the  wall  and  increases  the  dilatation  ;  in  this  way  a 
vicious  circle  becomes  established.  In  varicose  veins,  atrophy  of 
the  muscle  and  elastic  tissue  occurs  and  the  walls  become  composed 
chiefly  of  fibrous  tissue.  Occasionally,  saccular  dilatations  come  to 
commimicate  with  one  another.  Signs  of  irritation  are  often  present 
in  the  connective  tissue  outside,  and  thus  thickening  and  adhesion 
result.  The  nutrition  of  the  skin  over  varicose  veins  of  the  lep 
may  he  interfered  with  and  an  eczematous  pigmented  condition  be 
produced.  Indolent  ulceration  of  the  skin  not  infrequently  foUows, 
and  may  occasionally  lead  to  severe  heemorrhage  from  the  dflated 
vessels.  Thrombosis  also  is  apt  to  take  place  in  a  varicose  vem  ;  the 
thrombus  may  be  imperfectly  organised  owing  to  the  fibrous  state  of 
the  vessel  wall  and  may  become  the  seat  of  calcification  (p.  166). 
common  site  of  phleboliths  is  the  pelvic  veins,  and  their  shadows  are 
sometimes  seen  in  X-ray  photographs. 


(C)  LYMPHATIC  VESSELS 

The  view  now  generally  accepted  is  that  the^  Ijmiphatic  vessels 
form  a  closed  system  separated  by  an  endothelial  layer  from  the 
tissue  spaces.  The  separation,  however,  is  very  easily  broken.  Thus 
not  only  do  organisms,  leucocytes  and  tumour  cells  readily  pass  into 
the  lymphatic  vessels,  as  can  easily  be  understood,  but  also- red  cor- 
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puscles  wiiicli  escape  iroiii  tiic  capillaries  in  inflammation  Ibllovv  the 
same  path  and  may  he  present  in  considerable  iiiinibei  in  tlie  lymphatics 
draining  an  inflamed  area.  W^e  may  thus  regard  the  lyniphatic  vessels 
as  affording  an  easy  means  of  commimication  between  the  tissues 
and  lymph  nodes,  and  any  morbid  process  in  tlie  lormer  may  :readily 
be  transferred  to  tlie  latter.  Involvement  of  the  lymph  nodes  in 
this  way  occurs  in  two  main  conditions,  namely  (a)  inlections  and 
(6)  tuinoiirs,  especially  carcinoma.  In  both  ol  these  the  extension 
may  be  due  to  metastases  in  the  strict  sense,  that  is,  to  convection 
of  the  organism  or  tumour  cell  by  the  lymph  stream,  or  else  there 
may  be  a  progressive  involvement  of  the  lymphatic  vessels  by  the 
morbid  process,  which  afterwards  reaches  the  node's.  In  infections 
this  latter  occurrence  is  evidenced  by  a  lymphangitis  which  may  be 
either  acute  or  chronic,  while  in  the  case  of  tumours  the  growth  of 
the  cells  takes  place  within  the  lymphatics,  leading  to  what  is  practically 
an  injection  of  them  (p.  2:i3). 

Acute  Lymphangitis.  In  the  course  of  the  spread  of  organisms 
along  the  lymphatics,  inflammatory  changes  may  be  set  up  in  the 
walls.  This  is  seen,  for  instance,  in  the  case  of  poisop^d.  wounds, 

in  erysipelas  and  in  phlegmonous . conditions,  especially  in  those 

produced  by  streptococci.  Along  the  lymphatics  of  the  part,  redness, 
swelling  and  tenderness  are  present,  these  indicating  the  spread  of 
the  inflammatory  condition.  Spreading  lymphangitis  is  an  important 
feature  in  connection  with  septic  inflammations  of  the  uterus  and 
may  be  followed  by  suppuration,  especially  in  tlu'-  loos(^  (iC'llular  tissue 
of  the  parametrium.  In  other  cases  of  bactc^ilal  iidc.(‘,tion,  the 
organisms  are  frecpiently  carried  by  the  lymf)hatic.  vc'ssc'ls  without 
settling  in  their  walls  and  giving  rise  to  inflammatory  change-  on  their 
way.  Thus  inflammation  of  the  axillary  lymph  nodes  may  result 
from  a  poisoned  wound  on  the  hand,  without  the  occurrence  of  spiead- 
ing  lymphangitis.  A  similar  striking  example  is  seen  in  plague, 
where  even  at  the  site  of  infection  there  is  usually  no  inflammafoFy 
reaction,  the  first  lesion  appearing  in  the  related  lymphatic  glands. 

Chronic  Lymphangitis  occurs  in  a  variety  of  conditions  and 
is  an  important  feature  in  many  types  of  chronic  interstitial  inflamma¬ 
tion.  A  striking  example  of  non -infective  lymphangitis  is  seen 
in  sili^s  of  the  lungs,  where  fine  stone  particles  which  have 
reached  the  lymphatics  from  the  alveoli  are  carried  in  various  direc¬ 
tions  and  lead  to  a  fibrosis  of  the  pulmonary  tissue  (p.  425).  In 
various  chronic  infections  the  spread  of  organisms  by  the  lymphatics 
is  of  high  importance.  This  is  well  illustrated  in  tubefc^jOS'hs ,  in  the 
early  stages  of  which  the  disease  may  be  regarded  as  essentially  one 
of  the  lymphatic  system.  Here  again,  the  organisms  may  be  cat  iied 
to  lymph  nodes  without  causing  lesions  on  their  way  ;  but,  on  tlie 
other  hand,  they  may  settle  in  the  walls  of  the  lymphatic  vessels 
and  give  rise  to  tubercles  which  thus  come  to  form  rows  along  the 
vessels.  A  common  example  is  in  connection  with  a  tuberculous 
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ulcer  of  the  intestine,  where  small  tubercles  may  be  found  along  the 
lymphatics  passing  from  the  floor  of  the  ulcer,  and  also  in  their  further 
course  in  the  mesentery.  The  thoracic  duet  may  become  in’iolTed 
by  spread  of  bacilli  along  the  lymph  stream.  Ulceration  of  lesions 
produced  in  it  may  set  free  a  large  number  of  tubercle  bacilli  which 
may  be  carried  to  the  blood  stream  and  set  up  acute  miliary  tuberculosis 

In  sypJdlis  also,  chronic  lymphangitis  is  a  prominent^  ieature. 
This  occurs”  iiT  connection  with  the  primary  lesion,  and  fine  lines 
of  induration  spread  along  the  lines  of  the  lymphatics  leading  from  it. 
The  change  is  a  chronic  inflammatory  one  due  to  the  spread  of  the 
spirochietL  At  the  lymph  stream,  and  is  characterised  by  proliferation 
of  the  lining'' endothelium  as  well  as  of  the  connective  tissue  cells 
in  the  walls  of  the  vessels.  The  organism  of  syphilis  has  a  predilection 
for  perivascular  Rmphaties,  and  the  serious  results  caused  in  the 
aorta  are  due  to  this  mode  of  spread,  as  has  already  been  described 
(p.  304).  _  , 

Lymphatic  Obstruction.  When  the  large  lymphatics  become 
obstructed,  an  enlargement  of  the  anastomotic  channels  occurs  just 
as  in  the  case  of  the  veins,  and  considerable  varicosity  may  result. 
The  most  striking  examples  of  such  eSects  are  seen  in  filarial 
disease,  as  will  be  described  below.  It  will  also  be  explained  how 
obstruction  of  the  lymphatic  vessels  along  with  the  results  of 
inflammatory  attacks  may  give  rise  to  irregular  thickening  an 
induration  of  the  tissues,  resulting  in  the  condition  known  as  ele- 
•phantiasis.  This  form  of  lesion  may,  however,  occur  apart  from 
filarial  infection,  and  is  sometimes  seen  as  the  result  of  repeated 
attacks  of  erysipelas,  which  appear  to  obliterate  many  of  the  small 
Runphaties.  Consequently  overgrowth  of  the  comiective  tissue  follows, 
Mxtlv  infective  in  orisin.  but  in  part  due  to  the  stimulant  action  of 
the  protein-rich  Ivmpli  on  fibrous  tissue  cells.  Obstruction  of  the 
thoracic  duct,  sometimes  due  to  a  chronic  tuberculous  lesion,  may 
be  followed  by  rupture  of  some  of  the  dilated  abdominal  lymphatics 
and  thus  chylous  ascites  results  ;  such  obstruction  is  not  uncommon 
also  in  filarial  disease. 

The  relation  of  the  lymphatic  system  to  the  spread  of  cancer 
and  other  forms  of  malignant  growth  has  already  been  described 
p.  233). 

Filarial  Disease.  Of  the  genus  Filaria  several  species  are  found 
in  the  tissues  of  the  human  subject,  and  some  of  them  produce 
embryos  or  microfilariae  which  inhabit  the  blood.  The  term  Filana 
sanguinis  hominis  is  applied  in  a  general  way  to  sucli_  microfilanse, 
and  these  may  belong  to  at  least  four  species  of  filariEe,  winch  are 
distinguishable  by  morphological  and  other  characters.  The  presence 
of  such  a  microfilaria  in  the  blood  may  be  characterised  by  periodicity  ; 
for  example,  it  may  appear  at  night — Microfilaria  n-octurna  ^or 
during  the  day — Microfilaria  dkina.  Again,  the  parasite  may  be 
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constantly  present  in  the  hlooA— Microfilaria  perstans,  of  which^there 
are  two  species.  The  most  important  of  these  filaiite  is  the  t  ilaria 
bancrofti,  the  embryo  of  which  is  the  Microfilaria  nocturna.  We 
shall  give  an  account  of  this  parasite  and  the  important  effects  pro¬ 
duced  by  it. 

Filaria  bancrofti.  The  parasite  has  a  widespread  distribution  in  tropical 
and  sub-tropical  comrtries,  and  in  certain  places  more  than  a  quarter  of  the 
population  may  be  infested  (Manson)  ;  as  stated  above,  its  embryo  is  the 
Microfilaria  nocturna.  The  adult  worms,  male  and  female,  are  thin  filiform 
organisms,  little  thicker  than  coarse  hairs  ;  they  are  whitish  and  show  wriggling 
movements.  The  female  is  about  three  inches  in  length,  whilst  the  male  is 
shorter  and  rather  thinner  and  has  a  spirally  twisted  tail.  Several  worms 
often  occur  together  coiled  up  in  a  bunch,  especially  within  the  tbofacic  duct 
or  in  large  lymphatic  vessels,  commonly  in  the  pelvis  or  groins,  the  females 
are  viviparous  and  produce  small  embryos  or  microfilariie,  which  pass  by 
the  lymphatics  to  the  blood  stream,  where  they  are  readily  found  on  micro¬ 
scopic  examination.  The  microfilari®  measure  about  0-3  mm.  m  length  and 
their  thickness  is  about  equal  to  the  diameter  of  a  red  corpuscle  (lug.  21.3). 
The  body  is  everywhere  enclosed  in  a  loose  sheath  within  wlncli  the  little 
worm  may  be  seen  to  move  backwards  and  forwards.  This  sheath  represents 
the  shell  of  the  ovum  or  vitelline  membrane.  The  head  bears  a  hemispherical 
proboscis,  which  has  a  small  protrusible  spine  and  is  covered  by  a  retractile 
L-lipped  prepuce.  Only  rudiments  of  organs  are  present,  and  near  the 
cephalic  end  there  is  a  V-shaped  spot,  llio  micro- 
filarite,  which  apparently  produce  no  harm,  appear  in 
the  blood  in  the  evening,  and  they  can  be  easily  de- 
,  '  tected  microscopically  by  means  of  their  movements. 

During  the  daytime  they  disappear  from  the  peri- 
V  j  '  pheral  circulation  and  collect  in  the  blood  vessels  of 

•  '  nt  the  lungs.  The  intermediate  host  is  a  female  mos- 

”  quite,  usually  of  the  culex  genus,  which  becomes 

v!'  ’  infected  by  swallowing  the  blood  containing  the 

f  '  M  microfilaria.  Within  the  stomach  they  escape  from 

'  1  #  ,  ,  '  their  sheaths  and  pass  to  the  muscles  of  the  insect. 

m  Within  these  they  undergo  further  development,  and 

^  thereafter  pass  to  the  labium,  where  they  are  in  a 

^  ’  s  position  to  gain  access  to  the  human  tissues  when 

t  insect  bites. 

,  gQ  as  the  human  subject  is  concerned 

V  '/  the  chief  effects  are  produced  by  the  adult 

^  ^  worms.  The  presence  of  the  masses  of  the 

^  ^  adult  worms  in  the  lymphatics  has  a  twofold 

' “  effect,  namely,  (a)  the  causation  of  obstruction 

Fis.2l3.-Miorofilaria  and  (6)  the  production  of  a  certain  amount  of 
nocturna  (embryo  irritation  and  damage  to  the  walls  of  the  lym- 
o£  Filaria  bancroftp  p^atics,  which  often  results  in  their  permanent 
(Rd-nT^x  300.'^''  ‘  closure.  When  the  thoracic  duct  is  obstructed, 
it  becomes  dilated  below,  and  there  is  also  a 
great  varicose  enlargement  of  the  lymphatics  drained  hy  it,  which  may 
form  large  masses  in  the  abdominal  cavity.  There  is  development 
of  the  anastomoses  with  the  lymphatics  of  the  abdominal  walls,  etc., 
and  these  also  become  varicose.  Thus  the  scrotum  may  be  the  seat 
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of  this  change  and  become  greatly  swollen,  lymph  scrotum  resulting  ; 
and  in  a  similar  way  sw^eilings  may  form  in  the  groins — known  as 
varicose  inguinal  glands.  These  lesions  are,  however,  onlv  the  out¬ 
lying  manifestations  of  the  general  lymphatic  varicosity.  The  dilated 
lymphatics  contain  chyle  which  is  passing  off  by  the  collateral  chan¬ 
nels,  and  when  rupture  occurs  a  milky  fluid  escapes.  The  fluid  con¬ 
tains  fatty  globules,  red  corpuscles  in  varying  number,  and  ^^some¬ 
times  microfilariae.  When  rupture  takes  place  into  the  peritoneal 
cavity  chylous  ascites  is  produced ;  when  it  occurs  in  the  kidnej'S  or 
bladder  chyluria  results. 

Another  important  result  of  fi.larial  infection  is  the  production 
of  a  form  of  ele-phanimsls— -elephantiasis  Arabum—v?hich  is  of  common 
occurrence  in  regions  where  filarial  disease  abounds.  The  condition 
usually  starts  with  an  attack  of  erysipelatoid  inflammation  and 
lymphangitis,  and  is  intensified  by  subsequent  attacks.  The  skin 
and  subcutaneous  tissues  thus  undergo  marked  thickening  and 
swelling  ;  the  part  affected  becomes  greatly  enlarged  and  the  skin 
and  other  tissues  become  indurated,  irregularly  folded  or  nodulated, 
hence  the  name  applied  to  the  condition.  In  the  vast  majority  of 
cases,  more  than  90  per  cent.,  a  lower  limb  is  the  part  affected  ,  less 
commonly  other  parts,  such  as  the  scrotum,  mamma,  or  an  upper 
limb,  are  involved.  When  the  affection  is  of  long  standing,  the  leg 
may  reach  an  enormous  size,  while  a  scrotal  tumour  may  weigh 
30  lbs.,  or  even  more.  According  to  Maiison,  elephantiasis  occurs 
when  the  lymphatic  vessels  become  completely  obstructed  and 
secondary  inflammatory  change  follows.  He  found  in  some  cases 
that  the  ova  of  the  parasite  had  been  set  free  instead  of  the  living 
embryos,  and  pointed  out  that  such  ova,  apparently  expelled  by  a 
process  of  abortion,  would,  owing  to  their  breadth  as  compared  with 
that  of  the  living  microfilarise,  be  very  effective  in  causing  obstruction. 
Irritation  also  would  be  produced  and  secondary  thickening  of  con¬ 
nective  tissue  would  follow  ;  and  this  would  be  accentuated  by  attacks 
of  erysipelatoid  inflammations,  which  are  fairly  common.  In  cases 
of  elephantiasis,  as  a  rule  microfilariae  are  not  to  be  found  in  the 
blood,  and  Manson  considered  this  to  be  due  to  complete  obstruction 
of  the  lymphatics,  or  in  some  cases  to  the  actual  death  of  the  female 
parasites. 


CHAPTER  IX 

CIRCULATORY  SYSTEM 

II.  THE  HEART 

Lesions  of  the  heart  and  their  results  may  be  conveniently  studied 
as  affecting  (a)  the  myocardium,  (5)  the  valvular  apparatus,  and  (c) 
the  conducting  system.  It  must;  however,  be  recognised  that  so 
far  as  pathological  effects  are  concerned  these  different  parts  of  the 
heart  are  closely  interdependent.  An  affection  of  one  part  may 
implicate  one  of  the  others,  or  again,  the  same  disease  may  affect 
two  or  even  all  three  together.  Thus  the  lesions  of  the  valves  have 
important  and  often  serious  effects  on  the  heart  muscle,  and,  con¬ 
versely,  disease  of  the  myocardium  may  lead  to  incompetence  of  the 
mitral  and  tricuspid  valves ;  again,  such  a  disease  as  syphilis  or  acute 
rheumatism  may  produce  definite  lesions  in  the  myocardium,  in  a 
valve  or  valves,  and  in  the  auriculo-ventricular  bundle.  The  patho¬ 
logical  picture  may  thus  be  of  considerable  complexity,  and  it  is  o 
great  importance  that  the  student  should  be  familiar  not  only  with 
the  nature  of  each  lesion  and  its  common  effects,  but  also  with  the 

various  lesions  to  which  a  given  disease  may  lead. 

It  may  be  of  assistance  to  state  at  this  stage  that  the  main  cardiac 
causes  of  serious  disease  are  {a)  diseases  of  the  coronary  artenes 

(b)  rheumatism,  (c)  bacterial  infection  of  the  valves,  and  (d)  syphilis.  Both 
gradual  heart  failure  and  sudden  death  are  usually  due  to  one  or  other 

of  these  affections. 

•J.  LESIONS  OF  THE  MYOCARDIUM. 

The  chief  causes  of  these  are  : — 

(а)  General  conditions  of  malnutrition. 

(б)  The  action  of  toxins  in  fevers  and  infections. 

(c)  Invasion  of  the  cardiac  muscle  by  organisms,  e.g,  the  pyogenic 
organisms,  spirochsete  of  syphilis,  etc. 

(d)  Lesions  of  ffhe  coronary  arteries,  which  produce  a  very  import¬ 
ant  group  of  structural  alterations  in  the  cardiac  muscle. 

To  speak  generally,  the  effect  of  such  lesions  is  to  reduce  the  effici¬ 
ency  of  the  cardiac  muscle,  and  serious  symptoms  may  thus  result ;  hut 
it  must  be  borne  in  mind  that  a  health]/  heart  has  a  very  large  margin 
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of  reserve  power,  and  hence  the  effect  of  a  lesion  may  not  become  ap¬ 
parent  until  some  undue  strain  is  imposed.  Hence  it  is  of  import¬ 
ance  to  recognise  tlie  diminution  of  reserve  power  which,  accompanies 
such  lesions. 


Degenerative  Gtianges 

Brown  Atrophy.  This,  as  the  term  implies,  means  a  wasting 
of  the  cardiac  moscie,  attended  by  a  brown  coloration.  It  occurs 
in  varying  degree  in  all  chronic  wasting  diseases  ivith  great  emacia¬ 
tion,  e.g.  carcinoma,  tuberculosis,  etc.  ;  marked  examples  are  met 
with  also  ill  Addison's  disease,  probably  as  the  result  of  the  low 
blood  pressure  which  is  present.  In  extreme  examples  the  weight 
of  the  heart  may  be  reduced  almost  to  half  the  normal.  In  tj'pica! 
examples  the  cardiac  muscle  is  deep  brown,  often  dry  and  .som,e- 
what  friable.  The  epicardial  fat  in  most  cases  has  largely  dis¬ 
appeared,  and  is  sometimes  replaced  by  a,n  oedematous  tissue  of 
mucoid  appearance,  while,  owing  to  the  wasting  of  the  heart,  the 
superficial  arteries  are  tortuous  and  prominent.  The  apices  of  the 
papillary  muscles  are  often  somewhat  fibrous,  and  there  may  be 
increased  opacity  of  the  endocardium  generally.  Microscopic 
examination  shows  that  there  is  simply  a  diminution  in  size  of  the 
muscle  fibres,  the  fibrillse  being  well  preserved,  while  there  is  a  marked 
increase  of  the  granules  of  brovuiish  pigment  which  are  present  at 
the  poles  of  the  nucleus  in  all  adults.  The  condition  may  thus  be 
regarded  as  corresponding  to  an  exaggerated  senile  change.  The 
grannies  are  of  lipoid  nature  (p.  163). 

Another  variety  of  atrophy  is  the  ischsimic  atrophy,  which  results 
when  the  muscle  has  its  blood  supply  interfered  with,  but  not  to  a 
degree  sufficient  to  kill  the  muscle.  It  is  seen  especially  in  arterial 
disease.  Here  the  chief  change  is  a  gradual  disappearance  of  the 
contractile  fibrils,  and  the  muscle  ceils  come  to  have  an  empty 
appearance  ;  sometimes  local  fatty  change  occurs  in  the  affected  fibres. 
When  infarction  involving  the  inner  part  of  the  heart  wall  occurs, 
there  are  often  to  be  seen,  under  the  endocardium  several  rows  of 
ceEs  which  have  escaped  necrosis,  these  being  able  to  obtain  nourish¬ 
ment  through  the  endocardium  from  the  blood  in  the  cavity.  The 
outermost  of  them,  that,  is  the  cels  farthest  from  the  endocardium, 
usually  show  variable  degrees  of  ischsemic  atrophy. 

A  form  of  pigmentatioD  of  rare  oeciirrence  is  due  to  the  deposit  of  hsemosiderln 
and  other  pigments  in  the  muscle  fibres  in  cases  of  hsemochromatosis  (p.  161). 
The  hsemosiderin  is  deposited  in  lines  in  the  long  axis  of  the  muscle  fibres,  and 
is  sometimes  present  in  considerable  amount.  .It  gives  the  characteristic  iron 
reaction,  but  non-iron-reacting  pigments  are  also  present. 

Cloudy  SweUing.  In  acute  infective  conditions  the  myocar¬ 
dium  is  frequently  injured,  and  the  damage  may  be  either  general  or 
focal  in  character.  Cloudy  swelling  is  a  general  change  produced  by 
toxic  action,  especially  when  long  continued.  Its  importwce  ha§ 
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probably  been  exaggerated,  altlioiigli,  after  infective  fevers,  septi¬ 
caemias,  etc.,  it  is  eonimon  to  find  the  heart  in  a  condition  corresponding 
to  the  description  generally  given.  The  most  striking  examples  of 
the  condition  are  met  with  in  typhoid  fever  where  there  has  been 
long- continued  pjnexia,  and  sometimes  in  septicaemia.  The  heart 
muscle  may  be  softer  and  rather  paler  than  the  normal,  especially 
in  the  iinier  part,  and  usually  of  a  pinkish  colour  ;  it  is  often 
rather  friable  to  the  touch.  On  microscopic  examination  the  usual 
changes  are  found  (p.  136).  Cloudy  swelling  is  often  followed  by 
fatty  degeneration,  less  frequently  by  actual  necrosis  of  the  muscle 
cells.  There  can  be  little  doubt  that  cloudy  swelling  may  occur  in 
infections  and  recovery  thereafter  take  place. 

Adiposity  or  Fatty  Infiltration.  This  simply  means  an  increase 
of  the  adipose  tissue  of  the  epicardium  both  in  thickness  and  extent, 
and  an  ingi’ovdh  of  it  into  the  cardiac  muscle  ;  it  thus  occurs  chiefly 
where  normally  the  fat  is  most  abundant.  It  affects  especially  the 


Eig.  214. — ^Pathological  adiposity  of  heart  (fatty  imBltration). 

The  whole  thickness  of  the  wall  of  the  right  ventricle  is  infiltrated  with  adipose  tissue  extending 
from  the  epicardial  layer  between  the  muscle  fiibres  which  are  consequently  atrophied.  Even  the 
columnse  carneae  are  involved.  Dr.  W.  A.  Taylor,  x  6. 

right  ventricle,  and  on  section  of  the  wall,  the  layer  of  fat  is  seen  to 
be  increased  in  thickness,  and  the  muscle  is  infiltrated  and  sometimes 
largely  replaced  by  fat.  In  extreme  cases  the  fat  appears  underneath 
the  endocardium  in  the  form  of  streaky  yellow  patches  of  adipose  tissue, 
running  in  the  lines  of  the  columnse  carnese.  This  is  more  commonly 
seen  in  the  right  ventricle,  but  is  occasionally  met  with  in  the  left 
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also.  As  the  adipose  tissue  increases  in  amount,  many  of  the  muscle 
fibres  undergo  atrophy  and  disappear,  and  the  surYiving  muscle  is  in 
thin  strands  separated  by  fat  (Fig.  214)  ;  many  of  the  muscle  fibres 
ill  the  neighbourhood  of  the  fat  ceU,s  may  show  fatty  degeneration. 
For  these  reasons,  in  extreme  cases  the  working  power  of  the  heart 
is  interfered  with,  dilatation  is  apt  to  follow,  and  occasionally  ereii 
rupture  may  occur  (Fig.  215).  Fatty  infiltration  may  be  an 
accompaniment  of  general  adiposity,  but '  is  not  always  in  direct 
proportion  to  this  :  in  fact,  in  some  cases  it  may  be  extreme  where 
the  increase  of  fat  throughout  the  body  is  not  very  great.  In  such 
cases  its  cause  is  obscure. 

Fatty  Degeneration.  In  this  condition  fat  occurs  in  the  form 
of  minute  globules  within  the' muscle  fibres  of  the  heart.  The  globules 
are  in  longitudinal  rows,  and  even  when  they  are  very  abundant, 
the  fibrillee  may  still  be  visible  (Fig.  90) ;  but  it  cannot  be  doubted 
that  the  change  must  impair  the  working  power  of  the  muscle.  The 
condition  is  to  be  distinguished  from  fatty  infiltration  (adiposity). 
Fatty  degeneration  is  met  with  in  severe  anaemic  conditions — perni¬ 
cious  anaemia,  leukaemia, 
etc.,  and  is  produced  also  by 
bacterial  and  other  poison¬ 
ings.  It  is  common  as  the 
result  of  septic  conditions, 
being  preceded  by  cloudy 
swelling,  and  it  is  usually  a 
marked  feature  in  chloro¬ 
form  and  phosphorus 
poisoning  ;  it  is  met  with 
also  in  diabetes,  but  its 
occurrence  in  that  disease 
is  variable.  Some  fatty 
degeneration,  irregular  in 
distribution,  may  occur  as 
a  result  of  disease  of  the 
coronary  arteries,  but  it  is 
usually  only  a  temporary 
feature ;  fibrosis  is  the  all- 
important  end  result. 

While  fatty  degenera¬ 
tion  may  affect  all  the 
chambers,  it  is  usually  most 
marked  in  the  left  ven¬ 
tricle;  but  occasionally  in 
cases  of  obstruction  to  the  pulmonary  circulation,  e.g.  in  emphysema 
or  fibrosis  of  the  lungs,  the  right  ventricle  mainly  is  affected.  In 
anaemic  conditions  the  degeneration  is  chiefly  in  the  areas  farthest 
from  the  arteries,  that  is,  it  is  pararterial  in  distribution,  and  thus 


Fig.  215. — ^Ext-reme  adiposity  (fatty  infiltra¬ 
tion)  of  fieart  in  front  of  riglit  ventricle. 

A  is  an  aperture  where  spontaneous  rupture  took 
place.  X  1. 


TEXT-BOOK  OF  PATHOLOGY 


the  distribution  is  distinctly  patchy  (Fig.  216).  In  such  a  case,  the 
myocardium  is  pale  with  a  tendency  to  yellowish  tint,  especially 
in  the  inner  part,  while  underneath  the  endocardium  are  to  be  seen 
small  flecks  or  patches  of  more  distinctly  yellow  colour.  These 
are  often  most  marked  over  the  papillary  muscles,  where  they  are 
arranged  as  transverse  markings,  re.?nliing  in  the  so-called  ‘  thrush- 
breast  ’  appearance.  Such  an  appearance  is  quite  characteristic 
of  fatty  degeneration,  but  when  it  is  absent  it  may  be  difficult 
or  impossible  to  make  a  definite  diagnosis.  The  fatty  degenera¬ 
tion  which  occurs  as  the  result  of  poisoning,  long-standmg  sepsis,  etc., 
is  usually  more  or  less  diffuse  in  distribution,  and  mottling  is  little 


Fig.  216._  Fatty  degeneration  of  myocardium  in  a  ease  of  [lernieious  ansemia 
EitSSI  distribution  (stained  with  osmic  acid).  (Cowan  and 


in  evidence.  In  the  infections  it  is  rarely  so  marked  as  to  admit 
of  recognition  by  the  naked  eye,  but  in  phosphorus  and  chloroform 
poisoning  It  may  be  extreme  and  unmistakable.  The  importance 
of  fatty  degeneration  as  a  cause  of  sudden  death  has,  we  thinli,  been 
nauch  exaggerated.  It  must  be  admitted  that  the  reserve  power  is 
dimi^hed  and  the  heart  may  suddenly  fail,  especially  if  quickly 
overloaded,  e.g.  by  transfusion  for  anaemia,  because  in  this  condition 
the  venous  pressure  is  already  high  and  the  cardiac  output  is  raised. 
Further  even  when  the  haemoglobin  level  has  been  satisfactorily 
adjusted  by  slow  transfusion,  adequate  time  must  be  aUowed  to 


fi^es  are  reproduced  from  Dwcoses  0/  the  Heart,  3rd.  edit., 
Loudon,  1935.  by  John  Cowan  and  W.  T.  Ritchie,  by  kind  permission  of  the 
authors  Figs.  216,  240,  241,  242,  244  ’  permission  ot  tne 
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enable^  the  fatty  changes  to  disappear  before  subjecting  the  patient 
to  any  severe  strain,  e.g.  a  major  operation.  In  eases  of  sudden  death 
some  other  cause,  such  as  fibrosis,  disease  of  the  coronary  arteries, 
or  general  cardiac  dilatation,  is  usually  to  be  found.  The  nature  of 
fatty  degeneration  lias  already  been  discussed  Ip.  143). 

Caicifivation.  As  will  be  described  below,  calcification  is  a  common  occur¬ 
rence  in  indurated  valves  in  chronic  endocarditis ;  and  in  some  cases  of  chronic 
pericarditis,  often  tuberculous,  there  may  be  considerable  deposit  of  lime  salts. 
In  tlie  substance  of  the  heart  muscle  a  similar  process  may  occur  in  old  fibrous 
bands,  giimmata,  etc.,  but  in  addition  to  this  there  may  be  deposit  of  lime  salts 
in  the  'm'lisclc  Jihres,  sometimes  in  the  form  of  a  diffuse  impregnation,  sometimes 
as  fine  granules  (Coats).  Cases  of  sucii  a  nature  are,  however,  rare.  In  some 
instances  the  condition  seems  to  be  a  sequel  to  necrotic  change  ;  in  others  the 
etiology  is  quite  obscure. 


Segmentation  and  Fragmentation  of  the  Myocardium .  Tlie  former 


term  is  applied  to  a  separation  or 
dissociation  of  the  muscle  cells  at  the 
cement  line  of  junction  ;  the  latter  to  a 
transverse  fissuring  of  the  fibres  (Fig. 
217).  Both  conditions  may  be  present 
together,  but  fragmentation  appears  to  be, 
the  more  common.  These  changes  are 
not  infrequently  met  with  in  atrophied 
and  degenerated  hearts,  and  occur  especi¬ 
ally  in  the  papillary  muscles ;  they 


Fig.  217. — Segmentation  and  fragment¬ 
ation  of  heart  muscle.  X  250. 


Fig.  218. — ^Recent  infarction,  of 
myocardium. 

The  ventricular  wall  shows  an  extensive 
pale  infarct  (6)  bordered,  by  a  zone  of  con¬ 
gestion  and  haemorrhage.  Above,  the  occluded 
coronary  artery  is  shown  (a),  x 


are  said  to  -  be  found  only  in  adult  life.  Fragmentation  and  segmentation  have 
been  observed  in  the  hearts  of  healthy  individuals  in  eases  of  violent  death,  e.g. 
by  hanging,  stryelmine  poisoning,  etc.,  and  they  have  bee,ii  produced  experi¬ 
mentally  in  animals  by  similar  conditions  ;  they  are  generally  supposed  to  be 
the  result  of  strong  irregular  contraction  of  the  muscle  fibres,  and  represent  a 
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occurring  ia  tlie  death  agony  ;  and  it  is  quite  intelligible  that  the  dissocia¬ 
tion  and  rupture  are  more  likely  to  occur  in  degenerated  hearts.  The  view  once 
put  forward  that  they  represent  a  real  lesion  of  iniportaiiee  in  relation  to  cardiac 
failure  is  now  regarded  as  quite  untenable. 

'^LESIONS  OF  THE  COMONAET  ARTEPdES 

These  are  of  special  importance  on  account  of  the  very  serious 
results  which  may  be  produced  in  the  cardiac  muscle.  It  is  convenient 
to  consider  :  (uf  sudden  occlnsion  of  a  coronary  artery  or  one  of  its 
main  branches,  resnlting  in  sudden  death  or  myocardial  infarction, 
and  (6)  gradual  stenosis  of  one  or  both  vessels  or  their  main  branches, 
leading  to  myocardial  fibrosis. 

Coronary  Artery  Occlusion 

This  is  seen  most  frequently  in  the  descending  branch  of  the  left 
coronary,  following  the  deposition  of  thrombus  upon  an  atheromatous 
patch.  Atheroma  of  the  intima  and  calcification  of  the  media  are 
especially  severe  in  that  part  of  the  vessel  immediately  distal  to  its 
origin  and  lead  to  pronounced  narrovdng  there  even  when  the  other 
branches  are  relatively  free  from  disease.  It  seems  probable  that  by 
the  impinging  of  the  heart  on  the  chest  wall  at  this  point  the  artery 
suffers  what  may  amonnt  to  slight  trauma,  and  that  this  may  either 
predispose  the  wall  to  the  development  of  atheroma  or  may  increase 
its  severity  when  established :  it  is  certainly  the  case  that  atheroma 
is  often  more  marked  in  this  situation  than  elsewhere.  In  other  cases 
atheroma  may  he  mdespread  throughout  the  coronary  system  and 
the  effects  may  be  correspondingly  severe,  and  it  is  noteworthy  that 
this  may  occur  even  in  younger  subjects  in  whom  there  is  relatively 
little  atheroma  in  the  aorta  or  cerebral  vessels.  Occlusion  of  a 
coronary  artery  by  thrombosis  is  commonly  of  sudden  onset  and  is 
often  preceded  by  ulceration  of  the  atheromatous  patch  or  some¬ 
times  by  hsemorrhage  into  it.  Winternitz  has  shown  that  athero¬ 
matous  patches  may  contain  liew  capillaries,  some  of  which  take  origin 
from  the  intimal  lining,  and  these  delicate  vessels  are  exposed  to  the 
fluctuations  in  pressure  within  the  parent  arteries.  It  is  not  sur¬ 
prising,  therefore,  that  haemorrhage  into  such  patches  should  some¬ 
times  follow  exertion  with  its  consequent  rise  of  blood  pressure. 
Thereafter  thrombosis  often  occurs  during  sleep,  when  the  fall  in 
blood  pressure  at  rest  may  slow  the  flow  through  the  narrowed 
artery  sufficiently  to  allow  the  process  of  thrombosis  to  take  place. 
The  effects  depend  largely  on  the  size  of  the  vessel  involved  and  on 
the  state  of  the  other  vessels.  Occlusion  of  the  left  coronary  artery  is 
likely  to  lead  to  sudden  death,  and  post  mortem  the  heart  muscle 
in  such  cases  may  look  normal  as  there  has  been  no  time  for  the 
characteristic  changes  of  infarction  to  occur.  More  often,  only  the 
descending  branch  is  occluded  md  here  the  common  result  is  myo¬ 
cardial  infarction  involving  theunner  two -thirds  of  the  anterior  wall 
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of  tlie  left  ventricle  together  with  the  apex  and  anterior  part  of  the 
inter veiitrieiilar  septnin  and  right  ventricle.  The  affected  muscle 
undergoes  coagulative  necrosis  and  after  a  few  davs  appears  as  a 
dull  yellow  area  surrounded  by  a  zone  of  h£em,orriiage  (Fig.  218), 
the  pericardial  surface  being  covered  by  a  layer  of  fibrinous  exudate 
with  inarginal  haemorrhages.  On  the  inner  aspect  there  is  a  sheet 
of  surviving  muscle  cells,  doubtless  nourished  from  the  blood  in  the 
lumen,  but  in  cases  living  for  several  days  this  does  not  prevent  the 
deposition  of  thrombus  on  the  endocardial  lining,  a  process  in  which 
stagnation  of  blood  due  to  absence  of  contraction  in  the  affected  area 
is  the  chief  factor.  Since  both  ventricles  are  involved  the  resulting 
mural  thrombus  affords  a  source  of  emboli  both  to  the  general  circula¬ 
tion  and  to  the  Imigs. 

The  onset  of  myocardial  infarction  is  accompanied  by  severe  and 
lasting. precordial  pain  w’hich  may  radiate  widely.  There  is  commoniy 
fever  and  leucocytosis  and  polymorpho-iiuciear  leucocjdic  infiltration 
occurs  around  the  necrotic  tissue.  No  doubt  some  autolysis  is  usually 
present,  and  when  it  is  maximal,  and  especially  when  leiicocjffic  invasion 
is  marked,  softening  of  the  necrotic  area — ^knowm  as  myamalacia 
cordis — occurs  and  is  followed  by  rupture  and  sudden  death.  In  eases 
surviving  for  longer  periods,  organisation  and  fibrous  replacement  of 
the  infarct  take  place  slowty  but  the  remains  of  the  necrotic  muscle 
persist  for  many  weeks.  Ultimately  a  fibrous  scar  marks  the  site  of 
the  lesion,  and  the  final  result  may  he  difficult  to  distinguish  from 
progressive  ischaemic  fibrosis.  The  overlying  pericardial  fibrinous 
exudate  also  becomes  organised  into  a  fibrous  plaque,  commonly 
adherent  to  the  parietal  layer.  The  results  of  myocardial  infarction 
may  be  summarised  as  foUows  : — ^in  about  50  per  cent,  death  occurs 
wdtliin  a  few  days  from  cardiac  failure  or  the  result  of  embolism, 
25  per  cent,  make  a  good  recovery,  at  least  for  a  time,  and  the  re¬ 
mainder  develop  progressive  cardiac  failure  wdth  cedema.  Multiple 
small  myocardial  infarcts  accompanied  by  acute  aneurj^sms  of  the 
coronary  arteries  are  ffequently  seen  in  polyarteritis  nodosa  (see  p.  311), 

Embolism  of  the  coronary  arteries  is  of  very  much  rarer  occurrence, 
and  is  due  chiefly  to  the  lodgment  of  a  detached  portion  of  vegetation 
from  the  aortic  valve  in  bacterial  endocarditis  ;  occasionally  from 
thrombus  in  the  left  ventricle  or  auricle,  and  very  rarely  from  thrombus 
in  the  first  part  of  the  aorta.  Usually  the  embolus  lodges  in  the  first 
part  of  the  artery  close  to  the  mouth  and  the  result  is  sudden  death. 
Smaller  emboli  in  the  coronary  circulation  are  recognisable  chiefly  in 
pyemia  when  they  give  rise  to  septic  infarcts  from  which  develop 
multiple  pysemic  abscesses  in  the  heart,  and  suppurative  pericarditis 
follows. 


I-schsemic  Fibrosis  of  the  Myocardium 

When  the  coronary  arteries  or  their  branches  are  slowly  but  pro¬ 
gressively  narrowed  the  blood  supply  to  the  myocardium  is  diminished 
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and  iscliaeinic  fibrosis  follows.  Such  lesions  are  most  commonly 
brought  about  by  patchy  atheroma  in  the  course  of  the  vessels  and 
their'^braiiches,  the  results  depending  upon  the  size  and  number  of 
the  alfected  vessels.  In  hypertensive  arteriosclerosis  the  larger 
branches  are  often  chlated,  but  the  smaller  twigs  may  show  intimal 
thickening  with  reduction  in  lumen  ;  a  fine  patchy  fibrosis  results,  and 
although  ""the  intervening  siir\dvmg  muscle  fibres  may  undergo  con¬ 
siderable  hypertrophy,  the  consequent  impairment  of  the  efficiency 
of  the  left  Ventricle  contributes  to  the  development  of  myocardial 


failure  to  which  so  many  hypertensives  succumb.  Narrowing  of  the 
mouths  of  the  coronary  arteries  may  be  caused  by  sijphiliticjnesaortitis 
either  by  encroachment  of  intimal  patches  on  the  lumen  or  by  cica¬ 
tricial  contraction  of  healing 
lesipns  ;  the  usual  effect  is 
ischaemic  fibrosis  widely  dis¬ 
tributed  in  the  myocardium 
but  actual  infarction  is  rare. 
When  aortic  incompetence  is 
also  present,  as  is  common  in 
this  disease,  the  effects  are 
accentuated  owing  to  dimin¬ 
ished  diastolic  filling  of  the 
coronary  vessels.  Normally 
there  is  a  certain  amount 
of  anastomosis  between  the 
two  coronary  arteries  and  this 
increases  with  age.  When  the 
orifice  or  lumen  of  one  cor¬ 
onary  undergoes  gradual  nar¬ 
rowing  the  extent  of  the  anas¬ 
tomosis  becomes  increased. 
Thus  the  right  coronary  artery  may  be  completely  occluded  and  on 
injecting  the  left  coronary  it  will  be  found  that  fiuid  passes  readily 
into  the  area  normally  supphed  by  the  right ;  on  the  other  hand, 
gradual  occlusion  of  the  left  coronary  produces  more  serious  results 
and  cannot  occur  to  the  same  extent  vdthout  bringing  about  a  fatal 
result. 

The  commonest  site  of  ischaemic  fibrosis  is  in  the  area  of  distribution 
of  the  descending  branch  of  the  left  coronary  artery.  Owing  to  the 
arterial  anastomosis,  however,  the  resulting  fibrosis  is  not  co-extensive 
with  the  distribution  of  the  artery  and  the  lesions  are  usually  most 
•^marked  in  the  anterior  wall  of  the  left  ventricle  near  the  apex  (Fig.  220). 
Similar  results  follow  in  other  areas  in  which  the  blood  supply  is 
seriously  diminished,  especially  when  widespread  disease  of  the  vessels 
interferes  with  the  development  of  collateral  circulation,  and  again 
fibrous  replacement  of  the  muscle  fibres  follow  (Fig.  221). 

Ischsemie  fibrosis  is  often  preceded  by  focal  fatty  degeneration 


Fig.  219. — ^Fibrosis  of  myocardium  secondary 
to  disease  of  coronary  arteries. 

The  muscle  fibres  are  largely  replaced  by  fibrous  tissue 
and  some  of  them  are  hypertrophied,  x  SO. 
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of  the  muscle  fibres  from  local  anoxia  ; 
disappear.  AccordinglT  this  is  one  of  the  bes 


Fig.  220. — Extensive  fibrosis  of  wall  of  left  vent 
at  places  ;  secondary  to  disease  of  left  corn 


Fig.  221. — Aneurysm  of  wall  of  left  ventricle 
myocardium — the  result  of  long-standing  occl 
artery,  x 


Fig.  222. — ^Aneurysm  of  the  left  ventricle  following 
myocardial  fibrosis. 

The  greater  part  of  the  ventriciilar  cavity  is  filled  with,  laminated  thxomlbiis.  Note  the  white  scar 
tissue  forming  the  ventriculax  wall  and  the  overl3ring  pericardial  adhesions,  x  §. 


apex,  becomes  slowly  tbiimed,  stretched  and  stiffened,  and  the  columnse 
earnese  are  attenuated ;  the  fibrotic  areas  appear  as  hard  ghstening 
whitish  patches  against  the  brownish  muscle.  In  extreme  cases  the 
muscle  may  practically  disappear. 

Myocardial  fibrosis  is  often  followed  by  gradual  dilatation  of  the 
scar  tissue  so  that  marked  local  bulging  of  the  waU  develops — so-calLed 
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aneurysm  of  the  heart  (Eigs.  220,  221).  Within  such  dilated  cavities 
thrombus  formation  usually  occurs,  taking  origin  in  the  depressions 
between  the  fibrosed  columnse  carneae.  Such  thrombi  may  be  rounded 
and  firm  or  irregular  and  friable  ;  sometimes  they  are  laminated  and 
may  almost  fill  the  ventricular  cavity  (Eig.  222). 

The  functional  effects  of  coronary  artery  disease  are  varied,  but 
the  three  chief  may  be  said  to  be  (a)  sudden  death,  (6)  angina  and 
other  symptoms  of  cardiac  distress,  and  (c)  gradual  heart  failure. 

(a)  Sudden  death  may  be  due  to  some  added  condition  such  as  throm¬ 
bosis  in  a  branch,  or  actual  plugging  of  an  orifice,  or  rupture  of  the 
heart ;  but  in  many  cases  it  is  simply  the  result  of  some  extra  exer¬ 
tion  acting  on  a  heart  with  httle  or  no  reserve  power  and  with  blood 
supply  Just  sufficient  to  maintain  its  activity.  Thus  sudden  death 
from  this  last  cause  is  not  uncommon  when  an  orifice  of  a  coronary 
artery  is  much  narrowed,  or  when  the  lumen  of  a  large  branch  is  much 
encroached  on  by  atheroma,  the  latter  being  commonest  in  the  anterior 
descending  branch  of  the  left  coronary  just  beyond  its  origin.  It  is 
noteworthy  that  sudden  death  may  occur  from  this  relative  isehsemia 
in  the  absence  of  total  occlusion  by  thrombus. 

{b)  The  deficiency  of  blood  supply  to  the  fibrosed  heart  muscle  may 
lead  to  attacks  of  angina,  often  precipitated  by  exertion,  and  prob¬ 
ably  to  be  ascribed  to  functional  ischsemia.  Death  may  occur  in  such 
an  attack.  In  contrast,  a  more  prolonged  attack  of  pain  and  cardiac 
distress  may  result  from  thrombosis  of  an  arterial  branch  with  infarction. 
Such  an  attack  may  lead  to  death  after  a  varying  period  of  time  or  may 
be  followed  by  relative  recovery.  Coronary  thrombosis  may  be 
attended  by  a  certain  degree  of  pyrexia  and  leucocytosis,  probably 
the  results  of  the  absorption  of  products  of  autolysis  from  the  necrosed 
muscle.  The  pain  is  severe  and  continuous  and  may  radiate  widely 
over  the  prsecordium  and  upper  abdomen  ;  it  is  accompanied  by  signs 
of  shock  and  collapse,  with  cyanosis,  low  blood  pressure  and  a  weak 
thready  pulse.  It  may  last  a  considerable  time  and  has  been  ascribed 
by  Lewis  to  relative  ischsemia  of  the  cardiac  muscle.  He  has  shown 
in  the  case  of  voluntary  muscle  that  severe  continuous  pain  may  be 
produced  by  repeated  muscular  contraction  when  the  circulation  is 
arrested,  and  that  this  is  due  to  something,  probably  of  the  nature  of 
metabohtes,  which  accumulates  in  the  tissue  spaces.  Restoration  of 
the  circulation  leads  to  disappearance  of  the  pain.  A  similar  principle 
would  appear  to  explain  the  pain  from  sudden  coronary  obstruction 
and  also  the  pain  which  may  arise  when,  with  impaired  blood  supply, 
the  heart’s  action  is  increased,  there  being  in  this  case  relative 
ischsemia;  the  cardiac  contractions  being  constant,  the  pain  will 
persist  so  long  as  the  part  is  ischsemic.  The  interior  of  an  infarct 
becomes  insensitive  as  it  dies,  but  the  living  tissues  at  the  margin 
are  in  a  state  of  relative  ischaemia.  He  has  applied  the  same  principle 
to  the  angina  of  sudden  and  passing  type  which  is  met  with  in  cases 
of  aortic  disease  and  Otb^r  conditions. 
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(c)  In  m3"ocarclial  fibrosis,  howeyer  produced,  a  common  result  in 
course  of  time  is  dilatation  of  the  ventricles  with  secondary  incompet^ 
eiice  of  the  mitral  and  tricuspid  valves,  and  death  often  results  from 
gradiiai  heart  failure  attended  by  oedema,  etc.,  that  is,  from  de- 
compensation  (p.  367). 

The  size  of  the  heart  in  disease  of  the  coronary  arteries  varies 
and  depends  chiefly  on  associated  conditions.  If  general  arterio^ 
sclerosis  with  hypertension  has  been  present,  hypertrophy,  or  hyper¬ 
trophy  with  dilatation,  wiU  most  likely  be  a  marked  feature.  On  the 
other  hand,  when  the  vascular  lesions  have  been  purely  atheromatous 
the  heart  may  be  little  increased  in  size. 

Inflammatory  Changes 

Acute  Myocarditis.  If  we  except  the  cases  where  organisms 
are  actually  present  in  the  muscle,  this  condition  may  be  said  to  be 
badly  defined.  Acute  myocarditis  may  be  due  to  extension  of  in- 


Fig.  223. — Inflammatory  change  round  sub-endocardial  branch  of 
aurieulo-ventricuiar  bundle  in  a  case  of  diphtheria. 

Xote  cellular  infiltration  round  necrosed  fibres.  (A.  C.  L.)  x  110. 

fiammation  from  the  region  of  the  valves  or  from  the  pericardium, 
but  when  it  is  primarily  in  the  muscle,  it  is  always  focal  in  character  ; 
there  is  no  such  lesion  as  a  general  acute  inflammation  of  the  muscle. 
In  some  cases,  notably  in  diphtheria,  the  lesion  is  really  one  of  focal 
necrosis  of  muscle  cells,  produced  by  the  direct  action  of  toxins,  though 
this  is  followed  by  reaction  in  the  tissue  around.  In  others,  especially 
in  acute  rheumatism,  inflammatory  foci  form  in  the  connective  tissue 
around  the  blood  vessels,  and  the  adjacent  muscle  also  suffers  and  is  in 
part  destroyed  {vide  infra),  A  faremJiymatous  and.  ^uiftteTStitial  form 
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are  accordingly  sometimes  distingnisliecC  but  the  ultimate  results  are 
much  the  same  in  both,  and  the  lesions  merely  indicate  the  predominant 
change  at  an  early  stage.  A  more  important  distinction  depends  on 
the  presence  or  absence  of  organisms.  Thus  the  changes  in  the 
myocardium  may  be  simply  a  toxic  effect  as  in  diphtheria,  or  may 
be  due  to  the  actual  presence  of  organisms  as  in  acute  pyogenic  in¬ 
fections — toxic  and  infective  myocarditis  respectively. 

In  diphtheria,  as  has  been  mentioned,  and  to  a  less  extent  in 
scarlet  fever,  influenza,  typhoid  and  various  other  infections,  numer¬ 
ous  small  areas  of  hyaline  change  may  be  found  in  the  muscle,  on 


Fia.  224:. — Heart  muscle  in  diplitlieria,  sliowiiig  degeneration  and  disiippearanc© 
of  muscle  fibres  'vvith  focal  cellular  infiltration.  X  llo. 

microscopic  examination.  The  affected  fibres  have  become  swollen 
and  glassy  in  appearance  and  have  lost  their  nuclei,  the  condition 
in  fact  corresponding  to  coagulation  necrosis,  whilst  around  them 
there  is  leucocyte  infiltration ;  most  of  the  ceils  are  mononuclears 
and  lymphocytes,  but  polymorpho-nuclear  cells  also  may  be  present. 
In  some  cases  of  diphtheria  a  lesion  of  this  kind,  attended  by  much 
leucocytic  infiltration,  has  been  found  in  the  auriculo -ventricular 
bundle,  and  to  have  caused  acute  heart-block  (Eig.  223).  The  necrosed 
fibres  afterwards  undergo  absorption,  whilst  the  supx3ortmg  cells  in 
the  areas  of  infiltration  proliferate,  and  small  fibrous  patches  ultimately 
result  (Eig.  224).  Such  acute  lesions  do  not,  as  a  rule,  produce  any 
change  recognisable  by  the  naked  eye,  although  sometimes  the  myo¬ 
cardium  show^s  pale  areas  which  may  suggest  the  existence  of  the 
condition. 
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In  various  streptococcal  infections,  one  may  find  small  inflammatory 
foci  'vvith  many  polymorpho-mrclears  present,  and  it  is  likely  that  in 
maiiv  instances  these  do  not  go  on  to  suppuration  but  undergo  a 
process  of  healing,  the  streptococci  being  killed  off.  Here  also  fibrosis 
may  result.  YTiilst  important  structural  changes  are  produced  m 
the  heart  muscle  hy  acute  infections,  it  must  be  recognised  that  toxic 
action  in  these  conditions  may  produce  molecular  alterations  which 
are  not  demonstrable  by  microscopic  methods.  Thus  morbid  histology 
cannot  explain  all  the  cliiucal  phenomena.  ^ 

Acute  Suppurative 
Myocarditis .  This  may  be 
due  {a)  to  direct  extension 
of  pyogenic  organisms  from 
an  adjacent  valve,  or  (6) 
to  infection  by  way  of  the 
blood  stream.  In  the  for¬ 
mer,  the  vegetations  in  bac¬ 
terial  endocarditis  infect  the 
adjacent  endocardium, 
which  often  shows  haemor¬ 
rhagic  areas  with  crumbling 
vegetations  ;  the  organisms 
then  invade  the  muscle 
substance,  giving  rise  to 

ulceration  or  abscess.  In 
Fig.  225.-Aeute  suppurative  myocarditis.  rupture  of  the 

To  left  of  field  is  a  collection  of  pus ;  to  right  necrotic  ^ 

fibres  are  in  process  of  liquefaction  and -disappearance.  heart  may  occasionally  DC 

^  brought  about,  especially  in 

staphylococcus  infection  ;  perforation  of  the  interventricular  septum 
also  has  been  met  with.  As  has  been  mentioned  above,  a  similar 
infection  of  the  beginning  of  the  aorta  may  occur,  and  acute 
aneurysm  may  result  (p.  317).  In  cases  of  pyemia,  infective 
emboli  may  lodge  in  any  of  the  branches  of  the  coronary  arteries, 
and  abscesses  of  varying  size  may  thus  result ;  usually  they  are 
small  {Fig.  225).  In  acute  pyogenic  infections,^  especially  in  those 
due  to  staphylococci,  e.g.  in  acute  suppurative  osteomyelitis,  etc., 
the  myocardium  is  often  affected  as  the  result  of  cocci  settling  m 
the  walls  of  the  capillaries,  rather  than  hy  embolism  in  the  ordinary 
sense.  Similar  lesions  occur  when  a  suspension  of  staphylococci  is 
injected  into  the  vein  of  a  rabbit,  the  heart  muscle  being  affected 
next  in  order  of  frequency  probably  to  the  kidneys,  this  distribution 
being  accounted  for  by  the  greater  flow  of  blood  through  these  organs. 
Such  small  abscesses  are  met  with  especially  in  the  posterior  wall  of 
the  left  ventricle  near  the  base,  and  their  presence  is  often  indicated 
by  the  occurrence  of  small  hsemorrhages  into  the  epicardium,  which, 
on  being  incised,  show  underlying  areas  of  necrosis  and  suppuration. 
This  is  a  point  of  some,  importance  as,  when  merely  the  ordinary 
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incisions  are  made  in  the  examination  of  the  heart,  their  presence 
may  be  OTerlooked  ;  epicardial  hemorrhages  should  ahrays  be  earefaUj 
examined  and  incised.  The  pap,iilary  muscles  also  are  a  not  un¬ 
common  site  of  suppurative  foci.  Small  abscesses  may  become 
absorbed  and  cicatrices  be  left,  but,  of  course,  such  abscesses  occur 
especially  in  the  infections  which  go  on  to  a  fatal  termination. 
Abscesses  of  larger  size,  usually  attended  by  ligemorrhage,  are  some¬ 
times  produced  by  grosser  septic  infarction. 

Fibrosis  of  Myocardium 

Chronic  Interstitial  Myocarditis.’) 

We  may  now  summarise  the  chief  causes  of  overgrov-dh  of  con¬ 
nective  tissue  in  the  heart  wall.  The  term  ‘  fibrosis  ’  is  preferable, 
seeing  that  in  many  cases  the  condition  is  merely  secondary  to  atrophy 
of  the  muscle.  When  the  fibrous  patches  are  of  considerable  size, 
by  far  the  commonest  cause  is  some  lesion  of  the  coronary  arteries, 
which  has  resulted  either  in  infarction  or  starvation  atrophy.  The 
characters  of  this  form  of  fibrosis  have  just  been  given.  Fibrosis 
may  also  be  the  result  of  the  lesions  in  acute  infective  fevers,  especially 
after  acute  rheumatism  {vide  infra)  and  diphtheria.  In  such  eases 
the  areas  of  fibrous-  tissue  are  of  comparatively  small  size,  and  the 
condition  may  be  often  discoverable  only  on  microscopic  examination. 
Sometimes,  however,  there  may  he  recognisable  naked-eye  changes. 
In  the  small  fibrous  areas,  which  are  usually  around  the  small  arteries, 
the  muscle  fibres  are  found  to  have  disappeared,  and  there  may  be 
considerable  new  formation  of  capillaries  ;  leucocytes,  chiefly  lympho¬ 
cytes  and  plasma  cells,  may  be  fairly  numerous.  The  fibrosed  patches 
may  occur  throughout  the  cardiac  muscle,  but  are  usually  most 
abundant  in  the  inner  part;  especially  is  this  the  case  in  the  post¬ 
rheumatic  afiections,  in  which  they  are  not  uncommon  underneath 
the  endocardium.  Local  fibrosis  also  may  be  secondary  to  pericarditis 
or  to  endocarditis.  In  the  case  of  the  former,  the  superficial  layer  of 
muscle  may  he  invaded  by  young  connective  tissue  which  becomes 
fibrous.  The  extent  to  which  this  takes  place  apparently  depends 
on  the  degree  to  which  the  muscle  has  been  damaged  by  the  peri¬ 
carditis,  but  it  is  rare  for  any  considerable  degree  of  fibrosis  to  be 
produced  in  this  way. 

Extension  from  the  valves  in  cases  of  chronic  endocarditis  is  of 
common  occurrence,  the  parts  most  affected  being  the  apices  of  the 
papillary  muscles  and,  what  is  of  more  importance,  the  parts  of  the 
ventricular  walls  adjacent  to  the  attachment  of  the  affected  valves. 
Thus,  the  fibrosis  may  spread  deeply  into  the  septum  and  involve 
the  conducting  system  (p.  372  ).  Fibrosis  may  be  produced  also  by 
syphilis  {vide  infra).  In  addition,  however,  there  occur  cases  of  con¬ 
siderable  fibrosis  in  which  the  cause  cannot  be  determined. 

These  various  fibrous  changes,  in  addition  to  producing  local  effects, 
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e.g.  aneurysm,  rupture,  thrombosis,  etc.,  interfere  with  the  cardiac 
efficiency  according  to  their  degree,  ilnd  though  there  may  be 
considerable  hypertrophy  of  the  intervening  muscle,  dilatation  of 
the  heart  with  secondary  incompetence  of  the  mitral  and  tricuspid 
valves  is  a  common  result.  The  fibrous  lesions  may  act  also  by 
implicating  the  conducting  system  of  fibres,  either  the  auriculo -ventric¬ 
ular  bundle  itself  or  its  branches. 


Specific  Infections 

Syphilis.  In  syphilis,  gumma  may  occur  in  the  heart,  although 
it  is  comparatively  rare.  The  commonest  site  is  in  the  septa, 


Tig.  226. — Syphilitic  gnnmia  (a)  of  Fig.  227. — Miliary  gumma  of  heart 
heart  in  right  ventricle  at  its  base.  of  child. 

X  f .  In  centre  of  field  there  is  a  small  thrombosed 

arteriole  and  above  it  necrotic  change  is  spread¬ 
ing,  (J.  W.  S.  B.)  X  200. 

especially  the  inter- auricular  septum,  where  it  may  reach  a  con¬ 
siderable  size,  so  as  to  form  a  tumour-like  mass  which  may  bulge 
into  both  auricles.  In  this  position  it  may  affect  the  conducting 
system  and  cause  heart-block.  It  may  be  met  with  also  in  the  wall 
of  a  ventricle.  In  syphilis  there  is  sometimes  a  fairly  diffuse  or 
a  patchy  fibrosis  ;  this  is  to  be  regarded  as  a  chronic  interstitial 
inflammation,  such  as  is  caused  by  syphilis  elsewhere,  although  it 
may  be  in  part  the  result  of  arterial  changes.  The  syphilitic  nature 
of  a  fibrosis,  apart  from  gumma,  cannot,  however,  be  determined 
with  certainty,  unless  the  spirochsetes  are  found  ;  it  can  only  be  in¬ 
ferred  from  associated  lesions.  In  congenital  syphilis  the  spirochsetes 


CIECULATORY  SYSTEM— THE  HEART 


347 


are  often  numerous  throughout  the  cardiac  miisciej  occurring  in 
clumps  here  and  there.  There  may  be  little  change  around  them, 
but  in  some  cases  a  considerable  amount  of  proliferation  of  the 
connective  tissue  may  be  present,  analogous  to  what  occurs  in  the 
liver  and  lungs.  Gummata  also  may  be  met  with  ;  they  may  be  of 
the  miliary  type  (Fig.  227)  or  reach  a  considerable  size.  Mani¬ 
festly  such  lesions  may  be  the  cause  of  fibrosis  at  a  later  period, 
in  cases  where  the  patients  survive.  There  is  also  evidence  that 
syphilitic  infection  during  intra-uterine  life  is  responsible  in  a  propor¬ 
tion  of  cases  for  congenital  abnormalities  of  the  heart  ;  apparently 
in  some  way  the  presence  of  spirochsetes  may  disturb  the  normal 
process  of  development. 

Opinion  varies  greatly  with  regard  to  the  frequency  and  importance 
of  syphihtic  lesions  of  the  myocardium  ;  possibly  their  incidence 
varies  in  different  locahties.  Warthiii,  who  has  studied  the  subject 
widely,  found  them  to  be  common  and  demonstrated  spiroehsetes  in  a 
large  proportion  of  cases.  Other  observers  have,  however,  obtained 
opposite  results.  Our  own  experience  is  that  the  proportion  of  myo¬ 
cardial  lesions  actually  syphilitic  in  nature  is  relatively  small.  Cer¬ 
tainly,  in  the  great  majority  of  cases  of  '  heart  disease  ’  caused  by 
syphilis,  the  condition  is  due  to  the  aortic  valve  being  affected  secon¬ 
darily  to  disease  of  the  aorta  ;  in  a  certain  proportion,  to  implication 
of  the  orifices  of  the  coronary  arteries. 

Tuberculosis.  The  heart  muscle  enjoys  a  relative  immunity 
against  tuberculous  infection.  Even  in  miliary  tuberculosis,  when 
the  nodules  are  very  numerous  in  the  various  organs,  they  are  few 
or  absent  in  the  heart  wall ;  their  occurrence  on  the  heart  valves  and 
in  the  endocardium  has  been  described,  but  is  very  rare.  Secondary 
infection  by  tubercle  bacilli  of  vegetations  on  the  valves  has  occasion¬ 
ally  been  met  with.  Solitary  or  conglomerate  tubercle  in  the  myo¬ 
cardium  also  has  been  described,  but  such  an  occurrence  is  quite 
exceptional.  Occasionally  there  is  a  diffuse  lesion  with  little  caseation, 
accompanied  by  obHterative  changes  in  the  smaU  arteries.  In  the 
absence  of  discoverable  tubercle  bacilli,  such  lesions  may  be  difficult 
to  distinguish  from  gumma.  Tuberculosis  of  the  pericardial  sac 
due  to  retrograde  extension  from  lymphatic  glands  is,  however,  not 
infrequent,  as  will  be  described  below  (p.  379). 

Acute  Rheumatism :  Rhectmatic  Fever.  This  disease  is 
characterised  by  focal  lesions  in  many  different  parts  of  the  body, 
associated  with  more  diffuse  inflammatory  changes.  The  severity  of 
the  lesions  varies  at  different  ages,  onset  in  childhood  or  adolescence 
being  especially  likely  to  result  in  a  severe  general  affection  of  the 
heart — ^pancarditis — ^whereas  if  the  primary  attack  is  postponed  until 
adult  life  joint  manifestations  are  more  prominent.  In  about  50 
per  cent,  of  cases  the  first  attack  develops  during  the  second  decade  ; 
of  the  remainder  about  one  half  occur  earlier,  usually  between  the 
fifth  and  tenth  years.  The  primary  attack  only  rarely  occurs  after 
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tke  age  of  30  years.  At  deatk  85  per  cent,  of  cases  show  evidence 
of  previous  attacks.  The  disease  is  thus  one  prone  to  exacerbations 
and  remissions ;  it  takes  a  serious  toll  and  shortens  the  expectation 

of  life  very  severely.  ^  ^  ^  •  -i 

The  lesions  of  acute  rheumatism  are  mdely  distributed  in  the 
connective  tissues,  especially  those  subject  to  much  movement,  e.g. 
in  the  heart  and  vessels,  synovial  membranes  and  subcutaneous 
tissues,  but  lesions  also  occur  in  the  brain,  where  a  mild  meningo¬ 
encephalitis  forms  the  basis  of  choTea  or  St.  Vitus  dance.  The  most 
important  lesions  are  those  occurring  in  the  heart  and  in  the  joints  ; 
consideration  of  the  latter  may  conveniently  be  deferred  and  a 
description  of  the  cardiac  lesions  follows  discussion  of  the  etiology 

of  the  disease.  ^  t 

It  is,  however,  of  the  utmost  importance  to  reahse  that  the  earhest 
manifestations  of  acute  rheumatism  may  appear  trivial  clinically,  for 
example,  mere  *'  growing  pains  ’  or  a  mild  chorea.  Nevertheless  these 
may  be  followed  by  serious  involvement  of  the  heart,  which  declares 
itself  only  later  when  the  damage  is  already  done  and  it  is  too  late 
to  try  to  minimise  its  severity  by  adequate  rest. 

With  regard  to  the  etiology  of  acute  rheumatism  and  rheumatic 
carditis,  there  is  no  satisfactory  evidence  for  the  constant  presence 
of  micro-organisms  in  the  lesions  ;  no  specific  bacterium  or  filterable 
virus  has  been  proved  to  be  invariably  present,  though  many  claims 
have  been  made.  There  is,  however,  a  very  convincing  habitual 
association  with  /3  haemolytic  streptococci  of  Lancefi.eld’s  group  A,  and 
the  great  majority  of  cases  have  a  history  of  sore  throat,  tonsillitis 
or  other  naso-phar3mgeal  infection  with  these  organisms  within  a 
period  of  two  to  four  weeks  previous  to  the  initial  attack  or  recrudes¬ 
cence  of  the  disease.  There  is  thus  a  strong  epidemiological  association 
with  hamol5d}ic  streptococci,  whereas  infections  with  other  micro¬ 
organisms  do  not  show  this  association  in  time.  These  facts,  together 
with  the  usual  failure  to  recover  organisms  from  the  lesions,  have  led 
to  the  hypothesis  that  allergic  supersensitiveness  to  products  of  the 
streptococcus  may  be  the  chief  cause  of  the  acute  rheumatic  manifesta¬ 
tions.  Patients  recovering  from  rheumatic  fever  commonly  show  an 
exaggerated  immunological  response  to  certain  streptococcal  products 
and  develop  a  much  higher  and  more  prolonged  rise  of  titre  of  strepto¬ 
coccal  antibodies,  e.g.  anti-haemolysin,  anti-fibrinolysin,  complement¬ 
fixing  antibodies,  etc.  These  findings  suggest  that  in  such  individuals 
there  is  a  persistent  focus  of  streptococcal  infection.  Experimentally, 
by  the  injection  into  guinea-pigs  of  streptococci  in  agar  jelly,  persistent 
foci  of  infection  can  be  established,  and  this  is  followed  by  increased 
antibody  production  such  as  occurs  in  acute  rheumatism,  and  by 
allergic  supersensitivity.  Green  has  claimed  that  haemolytic  strepto¬ 
cocci  can  be  recovered  from  the  cardiac  valves  by  special  methods  of 
cultivation  in  a  high  proportion  of  fatal  cases,  but  this  is  not  fully 
accepted;  in  any  case  if  organisms  are  present  they  do  not  behave 
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in  the  normal  way  and  the  tissue  reaction  to  them  is  not  that  usually 
seen  with  hemolytic  streptococci.  German  workers  have  also  brought 
forward  evidence  that  lesions  resembling  those  of  acute  rheumatism 
can  be  produced  in  the  connective  tissues  experimentally  by  allergic 
reactions  to  foreign  proteins,  e.g.  horse  serum,  and  that  such  lesions 
are  "more  severe  in  tissues  subjected  to  physical  strain.  The  identity 
of  the  resulting 'lesions  with  those  of  rheumatism  has,  however,  been 
questioned,  especially  by  Aschoff,  and  the  matter  cannot  be  regarded 
as  settled- 

The  cardiac  lesion  of  acute  rheumatism,  is  a  pancarditis,  i.e.  lesions 
occur  in  myocardium,  endocardium  and  pericardium.  Although  the 


Fig.  228. — ^Rheumatic  myocarditis,  showing  several  Aschoff  bodies  .and  inter¬ 
stitial  fibrosis.  (A.  C.  L.)  X  80. 


lesions  of  the  valvular  endocardium  are  very  striking  and  lead  to 
serious  effects  in  chronic  cases  (p.  358)  the  myocardial  damage  is  of 
special  importance  in  the  acute  attacks  and,  when  death  occurs  early 
in  the  course  of  the  disease,  is  chiefly  responsible  for  the  fatality. 
It  consists  of  both  focal  and  more  difliise  lesions  ;  the  former  occur 
as  small  nodules,  which  may  he  just  visible  to  the  naked  eye,  but 
are  usually  detected  only  on  microscopic  examination.  They  are 
often  called  suhmiliary  nodules  or  '  Aschoff  bodies  ’  and  are  more 
common  in  the  left  side  of  the  heart  both  in  auricle  and  ventricle, 
especially  in  its  inner  part.  As  MacCaflum  pointed  out,  these  lesions 
are  especially  abundant  beneath  the  endocardium  of  the  left  auricle 
just  above  the  posterior  mitral  cusp  ;  in  long-standing  cases  this 
area  becomes  notably  thickened  and  roughened  and  shows  a  marked 
tendency  to  become  the  seat  of  vegetations  if  subacute  bacterial 
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endocarditis  is  superimposed.  The  inflammation  is  primarily  one  of 
the  interstitial  tissue  of  the  heart,  the  muscle  fibres  being  only 
secondarily  involTed  (Fig.  228). 

On  microscopic  examination  of  a  fully  developed  Aschoff  body, 
the  centre  usually  shows  a  varying  amount  of  hyalhie  necrosis  of  the 
collagen  hiindles,  which  is  surrounded  by  a  reactive  zone  of  endothelioid 
cells  "and  leucocytes.  A  nodule  often  contains  one  or  more  giant- 
cdls,  though  these  are  relatively  small  and  contain  only  a  few  nuclei 
or  a  convoluted  nucleus.  The  leucocytes  are  maiifly  lymphocytes 
and  mononuclears,  though  a  few  polymorpho -nuclear s  also  occur. 
At  a  later  stage  the  nodule  becomes  more  and  more  fibrous.  Such 
is  the  Aschoff  body  in  its  typical  form,  but  there  also  occur  more 
diffuse  polymorphc-nuclear  and  lyunpbocytic  infiltrations  along  the 
comiective  tissue  planes,  and  the  formation  of  nodules  is  often  associ¬ 
ated  with  an  inflammatory 
oedema  which  inay^  implicate 
the  endocardium  and  lead  to 
important  results  (p.  353).  It 
is  of  importance  to  note  that 
in  the  nodules  it  is  not  possible 
to  demonstrate  bacteria.  It  is 
thus  seen  that  the  rheumatic 
lesions  are  characterised  both 
by^  focal  proliferations  and  by 
more  diffuse  inflammations  and 
oedema  and  that  fibrosis  is  the 
natural  sequel.  Klieximatic 
lesions  in  the  myocardium  are 
often  accompanied  by  endo¬ 
carditis  and  pericarditis  {vide 
infra).  (The  accounts  of  acute 
vegetative  and  chronic  endocarditis,  and  of  pericarditis,  may  be  read 
with,  advantage  along  with  the  account  of  the  myocardial  lesions.) 

Sometimes  in  cases  with  a  history  of  previous  acute  rheuma¬ 
tism,  patches  of  white  fibrous  tissue  with  ill-defined  margin  are 
present  all  over  the  lining  of  the  heart,  and  these  are  probably  pro¬ 
duced  in  a  similar  way.  These  sub -endocardial  fibrous  lesions  may 
bring  about  effects  by  interfering  with  the  ultimate  arborisations  of 
the  conducting  system. 

Death  may  occur  hi  the  first  attack  of  acute  rheumatism  or  in  an 
early  recrudescence  due,  not  to  mechanical  valvular  disease,  hut  to 
acute  myocardial  failure.  This  is  often  precipitated  by  the  onset  of 
pericarditis  (p.  378)  and  pleurisy,  which  are  not  only  indications  of  a 
severe  carditis  but  qper  se  further  increase  the  load  on  the  heart, 
especially  if  there  is  much  effusion.  In  early  fatal  cases  the  lungs 
are  congested,  sometimes  hrownish  and  of  firm  rubbery  consistence. 
This  appearance,  recently  thought  to  indicate  a  specific  rheumatic 


Fig.  229. — Asclioff  body  in  child’s  lieart, 
showing  characteristic  cells.  (J.W.  S.  B.) 
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piieiiiiioiiia,  is  [U’oba.bly  iiierelT  the  result  of  fairly  acutely  rleveiripiiis 
left  heart  failure.  As  a.  result  red  cells  escape  from  the  eitiror^efl 
capillaries  and  <jedema  fluid  is  poured  out  into  the  alveoli  and  respiratory 
passages,  where  it  is  moulded  by  respii-atory  movement  around  the 
alveolar  ducts  and  mouths  of  the  air  sacs.  Similar  appearances  are 
sometimes  met  mth  in  acute  heart  failure  from  other  causes,  but  the 
naked-eye  and  microscopic  appearances  are  very  striking  in  acute 
rheumatism  and  rarely  attain  such  a  severity  in  other  conditions. 


II,  LESIONS  OF  THE  VALVES 

Endocarditis.  Acute  endocarditis  is  essentially  an  affection  of 
the  valve  structures,  though  the  endocardium  of  other  parts  may  be 
similarly  affected.  It  is  characterised  by  the  formation  of  thrombi 
of  varying  structure  on  the  injured  endocardium  ;  these  are  known  as 
vegetations.  Two  main  tj^es  of  the  condition  are  to  be  recognised. 

(a)  One  type  is  due  to  rheumatism  and  has  definite  features,  being 
characterised  by  the  presence  of  small  firm  vegetations.  The  mode  of 
formation  of  tiiese  will  be  discussed  afterwards,  bu&t  present  we  paay 
say  there  is  not  sufficient  evidence  that  bacteria  are  present  in  the 
valve  lesions.  The  condition  is  also  spoken  of  as  simple  or  vegetative 
endocarditis.  We  cannot  say  with  certainty  that  eases  of  endocarditis 
of  this  t}"pe  are  all  due  to  rheumatic  infection,  but  there  is  increasing 
evidence  that  this  is  so.  [h)  The  other  is  characterised  by  the 
presence  of  vegetations  which  are  larger  and  more  extensive  in  theiri;^_^. 
distribution  and  of  more  crumbling  charaetcf^^  An  essential  feature  f® ' 
is  the  presence  of  bacteria  in  large  numbers  the  surface  and  in 
the  substance  of  the  vegetations.  The  bacteria  which  are  the  cause 
of  the  lesions  are  of  various  kinds,  but  helopg  chiefly  to  the  pyogenic 
group  and  can  he  readily  cultivated.  The  term  bacterial  endocarditis 
is  generally  now  applied  to  this  form  ;  '  malignant  ’  or  '  ulcerative  ’ 
were  terms  formerly  in  common  use.  Bacterial  endocarditis  varies 
greatly  in  its  intensity  and  in  the  severity  of  its  effects,  and  this 
depends  mainly  on  the  nature  of  the  bacteria  present.  Two^  varieties 
are,  however,  conveniently  distinguished,  namely,  a  siihaciite  and  an 
acute.  This  distinction  is  a  suitable  one  in  view  both  of  the  etiology 
and  also  of  the  associated  lesions  and  the  general  course  of  the  disease. 

There  is  further  a  chronic  endoci^^is  characterised  by  fibrosis  of 
the  valve  segments  and  other  parts,  (a)  This  is  frequently  the 
result  of  acute  endocarditis,  and  then  in  the  great  majority  of  cases 
acute  rheumatic  endocarditis  is  the  antecedent  condition.  Occasion¬ 
ally  subacute  bacterial  endocarditis  may  pass  into  a  healing  stage 
with  fibrosis  ;  this  was  formerly  very  rare,  but  occurs  more  commonly 
now  as  a  result  of  antibiotic  therapy,  e.g.  penicillin.  The  valvular 
deformity  is  likely  to  he  severe.  {&)  Again,  a  chronic  endocarditis 
may  not  be  preceded  by  an  acute  atta^^but  may  be  of  a  slowly 
progressing  nature  throughout.  These  t’vwvarieties  of  chronic  endo- 
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c'arditis  can  thus  be  spoken  of  respectively  as  semndary  and  ■jmmary 
ciiroiiic  endocarditis  or  Yalvulitis. 

Acote  Endocarditis,  {a)  Vegetative  (Rheumatic)  Type.  In 
rheumatic  endocarditis  the  whole  of  the  endocardium  may  exhibit, 
together  vith  innumerable  focal  lesions,  a  certain  amount  of  diffuse 
inflammatory  oedema  and  cellular  infiltration,  continuous  with  similar 
changes  in  the  subjacent  uiterstitial  tissue  of  the  myocardium  (p.  349). 
At  an  early  stage  the  connective  tissue  of  the  valves  shows  inflammatory 
oedema,  most  marked  in  the  subendothehal  layer,  where  there  may  be 
locahsed  swellings  almost  hke  vesicles.  The  condition  is  a  general 
valvuhtis  upon  which  secondary  changes  are  rapidly  superimposed 
owing  to  the  mechanical  stresses  to  which  the  valves  are  subjected 


Eig.  230. — Acute  rheumatic  endocarditis  of  mitral  valve,  showing  small 
vegetations  along  lines  of  contact.  ISfat.  size. 

in  the  cardiac  cycle.  The  inflammatory  oedema  is  soon  followed  by 
proliferation  of  fibrocytes  and  sometimes  by  the  formation  of  Aschoff 
bodies,  especially  near  the  base  of  the  valve  segments,  and  there  is 
also  an  ingrowi}]!  of  capillaries  into  the  valve  cusps  which  m  man  are 
normally  avascular. 

A  conspicuous  feature  of  the  condition  is  the  formation  of  small 
vegetations  on  the  valves,  which  occur  first  as  minute  rounded  bodies 
of  greyish  or  pinkish-grey  translucent  appearance,  and  these  are 
formed  first  along  the  lines  of  contact  of  the  segments  (Fig.  230). 
Thus  in  the  aortic  valve,  they  are  found  on  the  ventricular  aspect 
of  the  cusps  a  short  distance  from  the  free  margins,  and  in  the  mitral 
on  the  auricular  aspect.  The  vegetations  afterwards  increase  in  size 
and  may  extend  on  the  endocardium  ;  for  example,  from  the  mitral 
valve  they  may  spread  over  the  auricular  aspect  of  the  curtains  to 
the  lining  of  the  auricle,  especially  on  the  posterior  aspect.  The 
vegetations  are,  in  the  first  instance,  essentially  slowly  formed  thrombi, 
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and  are  composed  chiefly  of  altered  blood  platelets  and  fibrin,  (p.  24), 
tlioiigli  there  may  be  an  addition  of  exudate  from  the  inflamed  valve. 
At  a  later  stage  organisation  takes  place  from  the  valve  which  becomes 
vascularised  by  the  iiigro  wth  of  new  capillary  channels.  In  rheumatic 
endocarditis  there  is  a  marked,  tendency  to  recurrence  of  attacks, 
wkich  eventually  bring  about  great  deformity  of  the  cusps. 

The  valves  of  the  left  side  of  the  heart  a,re  .much  more  frequently 
affected  by  vegetations  than  those  of  the  right,  the  mitral  more  com¬ 
monly  than  the  aortic.  The  tricuspid  is  much  less  commonly  involved, 
while  affection  of  the  pulmonary  is  very  rare.  The  definite  relationship 
of  the  vegetations  to  the  lines  of  contact  of  the  valve  segments  is  clear 


Fig.  231. — Section  of  mitral  valve  in  early  acute  rheumatic  endocarditis, 
showing  (b)  a  small  vegetation  with  commencing  organisation.  To  the  left 
side  there  is  a  patch  of  oedematous  swelling  (a)  such  as  apparently  precedes 
the  deposition  of  platelets.  (A.  C.  L.)  X  60. 

evidence  that  the  pressure  along  these  lines  on  closure  of  the  valves 
is  a  determining  factor  in  the  deposition  of  the  vegetations.  It  acts 
as  a  slight  trauma  on  the  surface  endothelium  altered  by  subjaceiit 
inflammatory  cedema,  and  then  the  resulting  lesion  leads  to  the 
deposition  of  platelets.  This  factor  will  naturally  be  of  greater  effect 
on  the  left  side  of  the  heart  where  the  blood  pressure  is  higher  and 
this  accounts  for  the  preponderance  of  vegetations  on  the  valves  of 
the  left  side.  As  stated  above,. however,  m  most  cases  there  is  wide-* 
spread  inflammatory  infiltration  and  cedema  and  also  celliilar  prolifera¬ 
tion  not  only  of  the  valve  leaflets  but  also  of  the  chordae  tendinese 
and  mural  endocardium  which  is  most  severely  affected  in  the  wall 
of  the  left  auricle  above  the  posterior  mitral  cusp. 

Such  an  affection  of  the  valves  and  endocardium  accounts  readily 
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not  only  for  the  site  of  the  vegetations  but  also  for  the  general  fibrotic. 
thickening  of  the  valves  and  chordse  tendineie  which  follows  and 
which  is  so  characteristic  a  featiu-e  in  rheumatic  cases  (p.  358). 

(6)  Bacteeial  Type.  Here  the  vegetations  are  larger  and  more 
extensive  and  tend  to  break  down  ;  thus  the  valve  segments  may  be 
largely  covered  by  crumbling  masses  (Fig.  232),  which  consist  of 
la  vers  of  fibrin  in  which  are  buried  clumps  of  bacteria,  resting  upon  a 
zone  of  leucocytes,  macrophages  and  granulation  tissue.  The  structure 
is  thus  quite"  different  from  that  of  rheumatic  vegetations  and  the 
platelet  deposits  which  initiate  the  process  are  quickly  obscured  as 
the  lesion  develops.  The  substance  of  the  segments  may  become 
softened  and  eaten  away  ;  or,  especially  in  the  aortic  valves,  rupture 
may  take  place,  leading  to  severe  incompetence.  Aneurysm  of  a 


Fig.  232. — Bacterial  endocarditis  of  mitral  orifice. 

The  valve  seen  from  anricnlar  aspect  shows  crnmbling  and  ulcerating  vegetations ;  a  large  mass 
is  present  on  wall  of  auricle,  x 

valve  is  another  common  result,  the  organisms  causing  a  softening 
of  one  side  of  the  curtain,  so  that  the  thin  tissue  is  stretched  by  the 
blood  pressure  and  forms  an  aneurysmal  bulging.  An  aneurysm  or 
rupture  of  a  valve  is  sometimes  obscured  by  vegetations.  An 
aneurysm  of  the  aortic  segments  mil  bulge  downwards  into  the 
ventricle,  owing  to  its  being  subjected  to  pressure  during  diastole. 
An  aneurysm  of  the  mitral  valve  will  bulge  towards  the  auricle,  as 
the  stretching  occurs  during  the  ventricular  systole.  Subsequent 
rupture  may  give  rise  to  perforation.  The  vegetations  may  spread 
also  to  the  chordse  tendinese,  and  softening  and  rupture  of  them  may 
take  place.  Infection  of  the  intima  at  the  commencement  of  the  aorta 
may  occur  by  extension,  or  by  direct  contact  from  a  vegetation,  and 
an  acute  aneurysm  may  be  formed  (Fig.  233).  The  organisms  may 
also  pass  directly  into  the  substance  of  the  heart  wall,  and  lead 
to  ulceration  or  to  abscess  formation.  This  is  especially  met  with 
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in  infections  ^ith  stapliylococci  and  Ii@eiiioljt-ic  streptococci.  The 
destructiYe  changes  described  are  most  marked  in  the  acute  type  of 
the  disease,  irhilst  in  the  subacute  type  extensive  formation  of  vegeta¬ 
tions  is  usually  a  prominent  feature.  In  both  types  of  bacterial 
endocarditis  the  valves  most  often  affected  are  those  on  the  left  side 
of  the  heart.  Affection  of  the  tricuspid,  however,  is  not  uncommon, 
but  vegetations  on  the  pulmonary  valves  are  of  rare  oecurrenee. 

Bacterial  endocarditis  may  also  become  established  in  a  patent 
ductus  arteriosus  and  it  is  noteworthy  that  healing  may  follow  surgical 
closure  in  suitable  cases. 

Acute  bacterial  endocarditis  is  ordinarily  produced  by  the  pyo- 


Fig.  233. — Chronic  and  superimposed  acute  bacterial  endocarditis  of  aortic 
valve,  with  ulceration  and  formation  of  acute  anemysm  at  beginning  of 
aorta.  X 

genie  organisms,  those  most  frequently  concerned  being  Streptococcm 
Jmmolytious^  the  Pneumococcus  and  Staphylococcus  aureus.  ,  In  Great 
Britain  it  is  only  occasionally  due  to  other  organisms  suck  _as  gono¬ 
coccus,  typhoid  bacillus  or  coliform  organisms.  Infection  of  the 
valves  is  .in  most  cases  secondary  to  some  other  lesion  caused  by  one 
of  these  organisms  ;  it  thus  occurs  in  septic  conditions,  osteomyelitis, 
pneumonia,  etc.  Occasionally,  however,  the  path  of  infection  is. 
obscure..  Virulent  organisms  can  attack  previously'  healthy  valves, 
as  is  shown  by  experimental  work,  hut  a  pre-existmg  lesion  may 
sometimes  be  found.  ISTot  infrequently  the  lesions  are  localised  to 
one  part  of  a  valve  or  more  irregularly  disposed  than  in  the  other 
forms  of  endocarditis  ;  for  example,  there  may  he  massive  vegetations 
at  the  junction  of  two  aortic  cusps,  the  rest  of  the  valve  being  free. 
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Oil  the  whole,  the  most  severe  and  rapid  examples  are  due  to  the 
Stapkdococcus  aureus  and  the  Streptococcus  hmmolyticus,  the  latter 
beint^  the  more  frequent  cause.  The  staphylococcus  especially  tends 
to  produce  destructive  change  and  a  softenmg  of  parts,  ulceration 
into  the  myocardium,  etc.,  whUst  it  causes  secondary  abscesses  in 
various  organs  more  frequently  than  any  of  the  other  bacteria.  Endo¬ 
carditis,  due  to  Staphylococcus  albus,  is  comparativety  uncommon  , 
it  is  of  a  much  milder  type  and  may  run  a  protracted  course.  Pneumo¬ 
coccal  e'ndocarditis,  which  usually  has  acute  pneumoma  as  its  ante¬ 
cedent,  is  characterised  by  massive  vegetations  which  are  somewhat 
soft  and  may  be  greenish.  Large  portions  may  be  detached  as  emboli 
and  the  resulting  infarcts  only  occasionally  show  suppurative  change. 
Gonococci  also  lead  to  the  formation  of  large  vegetations,  with 
destructive  effects ;  endocarditis  produced  by  this  organism  is,  how¬ 
ever,  rare  in  Great  Britain,  though  not  uncommon  in  America,  more 
particularly  in  negroes. 

Embolism,  of  course,  is  of  common  occurrence,  and  the  resulting 
infarcts  often  undergo  suppuration ;  multiple  small  abscesses  may 
also  be  present  in  organs  -without  gross  infarction. 

Subacute  bacterial  endocarditis  is  in  the  vast  majority  of  cases 
produced  by  non-hmmolytic  streptococci ;  m  general  these  are  of  the 
type  classified  as  Streptococcus  viridans,  but  they  are  by  no  means 
uniform  in  their  biological  characters.  In  a  small  proportion  of  cases, 
organisms  of  the  HeemopUlus  group  have  been  isolated,  notably 
a.  para-infiuenz^.  Infection  probably  takes  place  chiefly  from  the 
mouth,  more  rarely  from  the  naso-pharynx,  especially  after  minor 
operations.  The  work  of  Okell  and  Elliot  has  sho-wn  the  great  import¬ 
ance  of  'dental  sepsis  and  of  teeth  extraction  hi  leading  to  the  entrance 
of  such  low-grade  micro-organisms  into  the  blood  stream,  and  tonsU- 
leetomy  is  Sso  effective.  Dental  operations  are  not,  however,  an 
essential  prelimmary,  and  even  firm  biting  on  teeth  affected  by  apical 
abscesses  can  lead  to  the  escape  of  organisms.  A  temporary  bac- 
terisemia  is  thus  brought  about  and  the  organisms  then  tend  to  settle 
on  previously  damaged  or  abnormal  valves.  This  may  be  the  result 
of  pre-vious  rheumatic  infection  or  it  may  be  a  congenital  abnormality, 
e.g.  congenital  fusion  of  two  aortic  segments  giving  a  bicuspid  aortic 
valve  (Grant).  In  our  opinion  the  influence  of  val-vular  abnormality 
lies  in  the  tendency  of  roughened  surfaces  to  attract  platelet 
deposition,  for  bacteria  in  the  blood  stream,  like  other  finely  divided 
particulate  matter,  become  attached  to  platelets  and  are  deposited 
■with  them.  It  is  significant  that  subacute  bacterial  endocarditis  is 
often  superimposed  on  still  active  rheumatic  lesions. 

The  vegetations  are  larger,  softer  and  more  crumbling  in  character 
than  in  the  rheumatic  form.  In  40  per  cent,  the  mitral  valve  alone 
is  affected,  in  11  per  cent,  the  aortic  and  in  36  per  cent,  both  valves 
are  involved.  The  vegetations  tend  to  spread  on  the  endocardial 
surface  and  very  firequently  develop  on  the  wall  of  the  left  auricle 
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just  above  tbe  posterior  mitral  cusp  on  the  area  which  MacCallum 
showed  to  be  so  frequently  the  site  of  previous  rheumatic  lesions 
(Fig.  232).  Possibly  this  results  from  retrograde  propulsion  of  blood 
against  the  cusps  in  this  situation  due  to  mitral  iiieonipeteiice.  The 
changes  are  not  usually  so  destructive  as  in  the  acute  hacterial  form. 
Embolism  is  of  common  occurrence  and  the  infarcts  do  not  undergo 
suppuration,  probably  oving  to  the  high  content  of  streptococcal 
antibodies  which  develop  in  the  Hood  in  the  course  of  the  prolonged 
infection. 

Subacute  endocarditis,  which  appears  to  have  become  a  much  com¬ 
moner  affection  in  recent  times,  runs  a  course  of  several  months  and 
is  attended  by  a  fairly  definite  syndrome.  Pwexia  of  irregular  type 
is  present  and  there  is  usually 
a  distinct  anaemia  and  also 
a  variable  leucocjdosis.  As 
a  rule  the  spleen  is  enlarged, 
sometimes  markedly  so 
(p.  524).  K 0  n  -h a3 m  0 1  y t i c 
streptococci  can  usually  be 
obtained  in,  blood  culture,  but 
sometimes  the  result  is  nega¬ 
tive  and  cultures  have  to  be 
repeated.  The  skin  oftoii  has 
a  dark,  cafe~au4ait  colour  and 
clubbing  of  the  fingers  is  not 
uncommon.  In  addition  to 
embolism  of  a  gross  type 
there  is  also  embolism  of 
capillaries  by  the  cocci. 

PHoc,M9b  in  the  skin,  which 
are  fairly  com.mon  in  the 
disease,  are  due  to  this  cause 
(Fig.  234).  Nephritis  of  focal 
embolic  character  is  another 
important  complication  produced  in  a  similar  way  ;  it  is  accompanied 
bv  haematuria  of  varying  degree.  In  subacute  bacterial  endocarditis 
we  have  examples  of  lesions  from  which  the  organisms  are  supplied 
to  the  blood  stream,  giving  rise  to  a  bacteri,semia.  They  are  un¬ 
able,  however,  to  multiply  in  the  blood  and  cause  a  rapidly  fatal 
septicaemia  ;  on  the  contrary,  they  are  constant^  being  destroyed 
in  the  spleen  and  elsewhere,  and  it  has  been  shown  that  the  reactions 
of  gene.rai  immunity  are  stimulated  and  antibodies  are,  present  in  the 
blood.  But  the  organisms  in  the  substance  of  the  vegetations,  fix 
what  is  practically  dead  material,  are  not  affected  thereby ;  they 
continue  to  grow  and  he  discharged  into  the  blood  stream  from  time 
to  time. 

In  addition  to  the  important  types  of  endocarditis  described,  one 


Fig.  234. — Section  througla  hsemorrliagic 
spot  in  cutis  in  subacute  bacterial 
endocarditis.  Note  small  thrombosed  and 
degenerate  arterjole  surrounded  by  leuco¬ 
cytes — ^th©  result  of  infective  embolism. 
(A.  C.  L.) 
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may  mention  that  the  presence  of  a  few  vegetations  on  the  mitral 
and  aortic  segments  is  not  niioommon  in  cases  where  death  has 
occurred  from^wastiiig  diseases.  The  vegetations  are  usually  patchy 
and  somewhat  soft.  This  occurrence  is  to  he  regarded  as  a  termmal 
phenoiiienoii  due  to  reduced  resistance  and  aided  by  degenerative 
changes  in  the  curtains.  A  notable  example  is  seen  in  the  diffuse 
form^of  lupus  erythematosus,  where  the  skin  lesions  are  accompanied 
by  a  verrucous  endocarditis — ^the  Libman-Sachs  syndrome. 

Chronic  Endocarditis.  This  type  of  lesion  is  characterised  by 
overgrowth  of  the  connective  tissue  and  its  subsequent  contraction. 
It  is  often  the  sequel  to  acute  endocarditis,  usually  of  ^  the  rheu¬ 
matic  type,  which  is  specially  prone  to  lead  to  a  progressive  indura¬ 
tion.  In  a  certain  proportion  of  cases,  however,  the  condition  is  of 
slowly  progressive  nature  from  the  outset,  this  being  especially  the 
case  with  the  aortic  valve,  as  will  be  described.  The  chronic  in¬ 
flammatory  process  may  lead  to  thickening  and  retraction  of  the 
valve  segments,  and  thus  interfere  with  efficient  closure;  mcom- 
fetence  thus  results.  On  the  other  hand,  the  adhesion  between  the 
segments  may  cause  narrowing  or  stenosis  of  the  aperture.  Both 
effects  are  not  infrequently  present.  Distinct  stenosis  is  ordinarily 
the  result  of  rheumatic  infection,  being  brought  about  by  the  general 
inflammation  of  the  substance  of  the  valve  ;  in  fact,  t}q)ical  mitral 
stenosis  is  always  produced  in  this  way.  In  the  aortic  valve,  however, 
sclerosis  and  calcification  are  sometimes  met  with  associated^  with 
widespread  calcification  of  the  arteries  in  old  persons.  In  spite  of 
the  distinct  stenosis  there  may  be  little  enlargement  of  the  left  ventricle. 
Recently  it  has  been  suggested  that  many  of  these  are  also  of  rheumatic 


origm. 

At  the  aortic  orifice,  stenosis  is  relatively  less  common  than  at 

the  mitral,  probably  owing  to  the 
fact  that  the  segments  are  forcibly 


thrown  apart  at  the  ventricular 
systole.  In  some  cases,  however, 
the  segments  become  adherent  at 
their  adjacent  margins,  and  ulti¬ 
mately  the  aperture  becomes  tri¬ 
angular  or  ^bayonet-shaped’  and 
considerably  reduced  (Fig.  235). 
Along  with  this  there  is  usually 
a  degree  of  incompetence  of  the 
valve  ;  nevertheless  obstruction  is 


Fig.  235, — Chronic'  endocarditis 
of  aortic  orifice  with,  great 
stenosis  and  secondary  calcifica¬ 
tion.  Nat.  size. 


the  chief  result.  Aortic  incompe¬ 
tence  a  very  common  lesion  and 
may  be  brought  about  in  various 
ways.  The  margins  of  the  seg¬ 


ments  may  become  more  or  less  thickened  and  shortened,  occasionally 


tacked  do^vn  at  their  extremities,  the  result  being  that  the  segments 


359 


CmCULATORY  SYSTEM-^THE  HEART 

can  no  longer  come  into  apposition.  Eiirtlier,  the  tMckened  valve 
segments  become  stretched,  so  that  their  margins  are,  as  it  were,  too 
long  and  are.  somewhat  pendulous.  In  this  way  very  marked  incom¬ 
petence  may  result,  particularly  in  syphilitic  cases.  Incompetence 
may  he  brought  about  also  by  rupture  of  a  valve  segment  or  by 
perforation. 

In  the  mitral  valve,  adhesion  of  the  segments  is  of  very  common 
occurrence,  and  the  resulting  stenosis  may  reach  a  great  degree. 
The  orifice  may  sometimes  measure  as  little  as  0*4  inch  (10  mm.) 
or  even  less  in  diameter,  and  as  the  actual  size  or  area  is  in  pro¬ 
portion  to  the  square  of  the  diameter,  the  reduction  is  extreme. 


Fig.  236. — Horizontal  section  tiirough  auricles  in  a  case  of  mitral  and 
tricuspid  stenosis,  as  seen,  from  above. 

a  mitral  valve,  much  stenosed ;  h,  tricuspid  valve.,  somewhat  stenosed ;  c,  aorta ;  pulmonary 
artery;  e,  right  auricular  appendix  containing  thrombus,  x  i. 

Sometimes  the  segments  are  simply  adherent,  so  that  *a  cone  or 
funnel-shaped  structure  is  the  result.  In  other  cases  the  segments 
are  shortened  and  form  a  sort  of  fibrous  diaphragm  with  a  slt-like 
aperture — ‘button-hole’  mitral  (Eig.  236).  Along  with  the  change 
ill  the  curtains,  there  are  usually  marked  thickening  and  shortening 
of  the  chordae  tendinese,  and  also  fibrous  induration  of  the  apices 
of  the  papillary  muscles.  In  this  way  considerable  rigidity  of  the 
valve  is  brought  about.  Some  degree  of  incompetence  is  nearly 
always  present  with  stenosis  of  the  mitral,  but  often  obstruction  is 
the  outstanding  lesion.  The  fibrous  tbickening  often  becomes  exces¬ 
sive,  and  lime  salts  may  be  deposited ;  occasionally  the  margins  of 
the  aperture  are  quite  rigid.  Recurrent  attacks  of  endocarditis  are 
common  and  at  post-mortem  examinations  recent  vegetations  are  often 
found  on  fibrosed  valves  and  on  the  auricular  wall.  The  formation 
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of  thrombi  in  the  failing  auricles,  especially  the  right,  often  follows, 
and  a  rare  occurrence  of  interest  is  the  formation  in  the  left  auricle 
of  a  so-called  ball  tiirombus  which  lies  free  in  the  cavity  and  which 
may  reach  an  inch  or  more  in  diameter.  Tricuspid  stenosis  also 
occurs  in  loiig-standuig  rheumatic  cases.  It  is  less  common  than 
mitral  stenosis  and  the  narrowing  is  usually  less  marked,  hut  occasion- 
ally  is  extreme. 

*  Chronic  endocarditis,  in  addition  to  occurring  as  a  sequel  to  acute 
inflammation,  may  develop  without  any  acute  onset.  Disease  often 
extends  from  the  aorta  and  implicates  the  valve  ;  this  occurs  especially 
in  syphilitic  disease  (Fig.  237),  though  also  occasionaUy  in  atheroma. 
In  syi>Mlis  this  is  a  relatively  frequent  event,  and  thus  a  positive 


Fig.  237. _ Chronic  syphilitic  disease  of  aortic  valve  and  characteristic 

syphilitic  lesion  in  the  aorta  above. 

Wassermaim  reaction  is  obtained  in  a  comparatively  large  proportion 
of  cases  of  aortic  disease  which  are  not  accompanied  by  a  mitral  lesion. 
Incompetence,  sometimes  of  severe  degree,  is  the  common  result,  and 
this  may  be  intensified  by  stretching  of  the  aortic  orifice  as  a  result 
of  the  lesions  in  the  wall  of  the  aorta.  We  may  say  that  implication 
of  the  aortic  valve  is  one  of  the  two  most  serious  effects  of  disease 
at  the  beginning  of  the  aorta,  the  other  being  narrowing  of  the  orifices 
of  the  coronary  arteries.  It  is  doubtful  whether  syphilis  affects 
directly  the  mitral  valve,  but  of  course  secondary  incompetence  is  not 
uncommon  when  the  heart  is  failing.  We  believe  that  chronic  endo¬ 
carditis  of  the  mitral  valve  leading  to  any  serious  effect  rarely  occurs 
except  as  the  result  of  rheumatic  affection.  Patches  of  thickening 
and  degeneration  are,  however,  comparatively  common,  and  these 
may  be  attended  by  a  certain  amount  of  fibrosis,  especially  at  the 
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base  of  tlie  eurtains ;  calcification  may  follow.  These  yellowish 
patches  of  degenerative  tliickening  afiect  especially  the  anterior 
segment  and  have  a  structure  closely  similar  to  that  of  an  athero¬ 
matous  patch  of  the  aorta  ;  the  chordfe  tendinea?  arOj  howeverj 

unaffected. 

Effects  of  Valvular  Lesions.  The  various  valvular  lesions 
described,  resulting  in  obstruction  or  incompetence,  or  in  both 
combined,  mil  manifestly  interfere  with  the  efficient  pumping 
action  of  the  heart,  and  accordingly  processes  of  adaptation  will 
come  into  play.  The  heart  has  remarkable  powers  of  adjustment  to 
the  abnormal  conditions,  and  by  means  of  them  the  circulation  may 
be  satisfactorily  maintained,  that  is,  compensation  may  be  established. 
The  processes  concerned  are  two  in  number,  namely,  increase  in  the 
thickness  of  the  muscular  wall  or  hypertrophy  proper,  and  increase  in 
the  size  of  the  cavity  or  dilatation.  This  dilatation  is  often  called 
compensatory  dilatation  to  distinguish  it  from  the  dilatation  of  failwre 
resulting  from  incomplete  emptying  of  the  cavity,  but  the  term  is 
misleading  and  it  would  he  better  simply  to  cal  it  enlargement  of  the 
chamber.  In  speaking  of  compensation  one  must,  however,  be  careful 
not  to  assume  that  a  condition  eq_ual  to  the  normal  is  established. 
The  circulation  may  be  weU  maintained,  and  the  heart  may  even  be 
able  to  respond  to  additional  calls  made  on  it ;  but  it  is  working  at  a 
disadvantage  as  compared  with  the  normal  state,  its  reserve  power  is 
probably  always  diminished,  and  it  is  apt  to  fail  in  the  course  of  time 
or  as  the  result  of  strain.  Further,  there  are  certain  defects  which 
cannot  be  compensated,  e.g.  the  pulmonary  congestion  in  a  case 
of  mitral  stenosis,  as  wll  be  later  explained.  Before  describing  the 
effects  on  the  heart  of  the  individual  valvular  lesions,  we  shall  con¬ 
sider  the  principles  regulating  the  occurrence  of  compensatory  hyper¬ 
trophy  and  dilatation  respectively. 

(A)  Hypertrophy.  In  the  first  place,  an  obstructive  lesion  may 
be  overcome  by  increased  power  of  the  chamber  behind  it,  that 
is,  by  muscular  hypertrophy;  in  this  way  a  normal  amount  of 
blood  may  be  driven  through  a  narrower  aperture.  Aortic  stenosis 
is  rarely  seen  without  some  incompetence,  hut  sometimes  it  is  the 
chief  lesion,  and  then  the  main  effect  is  h3rpertrophy  of  the  left 
ventricle.  The  best  example  of  a  pure  obstructive  lesion  is  seen  in 
arterio-sclerosis  and  chronic  kidney  disease  with  high  blood 
pressure ;  increased  resistance  to  the  outflow  from  the  left  ventricle 
is  present,  and  accordingly  we  often  meet  with  a  pure  hypertrophy 
of  the  left  ventricle  without  any  enlargement  of  the  cavity.  In 
these  conditions  there  may  he  no  effect  farther  back  in  the  circulation 
— ^no  pulmonary  congestion  and  no  effect  on  the  right  side  of  the  heart, 
so  long  as  the  mitral  valve  is  competent.  If,  however,  the  actual 
output  of  blood  into  the  aorta  is  diminished,  as  is  the  rule  ultimately 
in  aortic  stenosis,  there  will  be  not  only  a  certain  excess  of  blood  in 
the  venous  system,  but  alsO'  residual  blood  in  the  left  ventricle.  Tliis 
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leads  to  ililatatioii  and  if  mitral  incompetence  becomes  established, 
as  is  apt  to  follow,  the  effects  of  this  will  be  added  (p.  365). 

(B)  Erilurgefmrd  {CompeJisatory  Dilatation).  In  the  second  place 
when  there  is  regurgitation,  say  at  the  aortic  orifice,  it  is  evident  that 
at  each  diastole  the  left  ventricle  vdll  receive  blood  not  only  from 
the  left  auricle  in  the  normal  amount  but  also  from  the  aorta  by 
way  of  the  incompetent  aortic  valve.  The  ventricular  cavity  is 
thus  over-filled  in  diastole  and  dilates  to  increase  the  capacity  of  the 
chamber  by  the  amount  of  the  leak.  For  example,  if  a  third  of  the 
stroke  volume  regurgitates  during  diastole,  only  two-thirds  being 
retained  in  the  aorta  and  passed  on  to  the  circulation,  a  cavity  of  a 
size  larger  than  normal  in  the  proportion  of  3  :  2  will  result.  Enlarge¬ 
ment  of  the  left  ventricle  is  thus  an  inevitable  accompaniment  of 
aortic  regurgitation,  and  it  has  the  effect  of  enabhng  a  normal  amount 
of  blood  to  be  chculated,  provided  only  that  the  ventricle  is  emptied 
at  each  systole  and  the  normal  rate  of  contraction  is  maintained.  In 
accordance  with  Starling’s  Law,  the  greater  diastohc  filling  of  the 
cavity  and  consequent  stretching  of  the  muscle  fibres  leads  to  more 
powerful  contraction  and  in  course  of  time  the  ventricular  wall  becomes 
distinctly  h}q)ertrophied  in  consequence.  The  same  principle  holds 
with  regard  to  mitral  incompetence,  and  when  this  lesion  is  present 
along  with  aortic  incompetence,  the  heart  has  to  act  under  very 
unfavourable  conditions. 

Measurement  of  the  diameter  of  the  orifices,  which  can  be  conveniently  made 
by  means  of  a  graduated  wooden  cone,  has  only  a  relative  value,  but  we  have 
found  that  the  mitral  orifice  rarely  measures  more  than  1*3  in.  (33  mm.) 
(normal  1-1*2  in. ;  25-31  mm.)  or  the  tricuspid  more  than  1*7  in.  (43  mm.) 
(normal  about  1*5  in.  ;  38  mm.)  without  there  being  evidence  of  incompetence 
during  life.  The  following  additional  measurements  will  be  of  service  in  the 
examination  of  the  heart.  The  diameter  of  the  aortic  orifice  is  usually  0*9  in. 
(23  mm.),  that  of  the  pulmonary  1  in.  (25  mm.).  The  internal  length  of  the 
left  ventricle  taken  from  the  base  of  the  aortic  cusps  to  the  apex  is  3l|-^34-  in. 
(83-89  mm.),  and  the  maximum  thickness  of  its  wall,  about  an  inch  (25  mm.) 
below  the  auriculo -ventricular  sulcus,  is  half  an  inch  (13  mm.) ;  in  the  latter 
measurement  the  columnse  carnese  should  be  excluded  and  the  thickness  of 
solid  muscle  taken.  The  thickness  of  the  right  ventricle  can  hardly  be  satis¬ 
factorily  measured,  and  when  hypertrophy  occurs  it  is  shown  more  by  increased 
thickness  of  the  columnse  came®  than  of  the  wall.  The  normal  weight  of  the 
heart  of  a  woman  is  9-10  oz.  (250-280  g.),  of  a  man  10-11  oz.  (280-320  g.) ; 
the  organ  should  be  freed  of  blood  and  clots  before  it  is  weighed. 

With  regard  to  the  aortic  and  pulmonary  valves,  their  competence  can  be 
readily  tested  in  the  post-mortem  room  by  allowing  water  from  the  tap  to  flow 
into  the  corresponding  vessel,  the  heart  being  kept  in  the  upright  position. 
Normally  the  stream  of  water  will  close  the  valve  and  the  water  will  then  be 
retained  in  the  vessel.  But  in  the  case  of  the  mitral  and  tricuspid  valves  there 
is  no  such  mechanical  method  of  testing,  and  we  can  judge  roughly  of  their 
competence  or  incompetence  only  by  the  diameter  of  the  orifice  or  by  the  actual 
structural  changes  present,  such  as  thickening  and  contraction. 

Effects  of  Individual  Lesions .  We  shall  now  give  some  of  the 
effects  of  the  valvular  lesions  on  the  chambers  of  the  heart.  Aortic 
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stenosis  produces,  in  the  first  place,  hypertrophy  of  the  left  ventricle, 
this  being  accompanied  by  thickening  of  columns  carnes  and  papillary 
muscles  ;  but  as  there  is  practically  always  along  with  it  some  incom¬ 
petence,  there  is  often  a  certain  amount  of  enlargement  of  the  cavity 
as  well,  which  becomes  somewhat  len^hened  and  more^  pomted. 
Later,  the  hvpertrophied  muscle  may  fail  and  then  dilatation  is  the 
prominent  feature.  The  passage  of  the  blood  during  systole  through 
the  narrow  aortic  orifice  gives  rise  to  a  murmur  audible  over  the 
base  of  the  heart,  ventricular  systolic  in  time  (V.S.)  and  often  of  con¬ 
siderable  intensity.  Aortic  incompetence  produces,  from  the  outset, 
enlargement  of  the  cavity  of  the  left  ventricle,  and  this  is  accompanied 
bv  a  varying  amount  of  hypertrophy  of  the  wall.  The  enlargement 
may  be  of  great  degree,  the  internal  length  reaching  4|in.  (12  cm.)  or 
more.  This  results  in  a  cavity  of  over  twice  the  normal  capacity  and 
mdicates  a  very  gross  leakage.  So  long  as  the  mitral  valve  is  com¬ 
petent  the  effects  of  the  aortic  lesion  may  not  extend  backwards  to 
the  lungs  and  venous  system ;  but  as  the  enlargement  of  the  left 
ventricle  progresses,  and  especially  as  the  muscle  fails,  the  musclar 
ring  round  the  mitral  orifice  becomes  stretched  and  secondary  mitral 
incompetence  results ;  the  effects  of  the  latter  lesion  then  become 
superadded.  Incompetence  of  the  mitral  from  endocarditis  may  be 
present  as  a  concomitant  lesion,  and  in  such  a  combination  we  meet 
with  the  most  striking  examples  of  enlarged  heart  ^the  so-called  cor 
bovinum,  the  weight  reaching  1  Kg.  or  more.  The  pulse  in  aortic 
incompetence  is  characteristic.  There  is  a  large  systolic  wave  owing 
to  the  increased  output  by  the  left  ventricle,  and  this  is  followed  by 
a  rapid  fall.  The  pulse  has  to  the  finger  a  bounding  and  collapsing 
character— the  so-caUed  ‘  water-hammer  pulse  ’  or  ‘  Corrigan’s  pulse  ’ 
—and  there  is  a  distinct  dicrotic  wave.  A  ventricular  diastohc 
murmur  (V.D.),  corresponding  with  the  regurgitation,  is  usually 
audible  over  the  base  of  the  heart-,  and  there  is  often  also  a  systolic 
(Y.S.)  murmur.  There  is  a  well-recognised  tendency  to  sud,den  death 
in  eases  of  aortic  incompetence,  and  it  is  probable  that  inadequate 
diastolic  filling  of  the  coronary  vessels  due  to  lack  of  proper  closure 
of  the  valve  curtains  predisposes  to  the  fatal  syncope. 

The  effects  of  mitrai  stenosis  are  characteristic.  The  left  ventricle 
can  receive  a  normal  volume  in  the  diastolic  interval  only  if  the  blood 
is  propeUed  more  forcibly  through  the  narrowed  mitral  orifice  ;  com¬ 
monly,  therefore,  it  gets  rather  less  blood  than  normally,  can  easily 
pass  it  on  and  therefore  does  not  undergo  hypertrophy ;  on  the 
contrary  it  is  often  rather  atrophied.  The  left  auricle  hypertrophies, 
and  its  endocardial  lining  becomes  thickened  and  opaque  ;  m  conse¬ 
quence  of  incomplete  emptying  through  the  narrowed  mitral  valve 
the  auricle  readily  becomes  dilated,  blood  is  retained  witbin  e 
pulmonary  veins  and  the  intra-puhnonary  blood  pressure  is  raised. 
The  work  of  driving  the  blood  into  the  pulmonary  artery  a,gainst  the 
raised  iatra-pulmonary  pressure  falls  upon  the  right  ventricle,  which 
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accordingly  undergoes  great  li}T3ertropliy,  and  tliis  continues  to  develop 
until  the  head  of  pressure  in  the  pulmonary  veins  is  sufficiently  high 
to  bring  about,  in  conjunction  vith  auricular  systole,  complete  diastolic 
filling  of  the  left  ventricle.  The  normal  stroke  volume  of  the  left 
ventricle  may  thus  be  achieved — or  very  nearly  so — even  in  quite 
severe  mitral  stenosis,  and  the  patient  may  be  very  little  incapacitated, 
at  least  for  a  time.  The  lesion  may  thus  be  said  to  be  compensated 
so  far  as  the  immediate  functional  result  is  concerned,  but  as  the 
hypertrophied  right  ventricle  has  to  propel  the  blood  through  the 
lungs  against  a  greatly  raised  pulmonary  venous  pressure,  there  is 
mevitably  in  mitral  stenosis  passive  h3rpersemia  of  the  lungs  and  this 


Fig.  238. — Transverse  section  of  the  ventricles  in  a  case  of  mitral  stenosis, 
showing  the  comparatively  small  left  ventricle  and  the  greatly  enlarged 
and  hypertrophied  right  ventricle.  X  f. 

cannot  he  obviated  by  any  compensatory  process.  The  lungs  pass 
into  the  state  of  brown  induration  (p.  8)  and  there  is  often  slight 
haemoptysis,  which  is,  however,  to  be  distinguished  from  the  more 
severe  haemoptysis  met  with  as  the  result  of  infarction  when  the  heart 
is  failing.  Although  the  normal  cardiac  output  at  rest  or  even  at 
moderate  exercise  may  thus  he  achieved,  the  reserve  power  of  the 
heart  is  diminished  and  the  capacity  to  imdertake  more  severe  or 
prolonged  physical  effort  is  greatly  impaired.  Later,  compensation 
begins  to  fail,  the  right  ventricle  becomes  dilated  with  residual  blood, 
secondary  incompetence  of  the  tricuspid  valve  follows  and  the  right 
auricle  becomes  grossly  dilated.  Marked  pulsation  may  occur  in  the 
veins  of  the  neck  and  the  dilated  auricles  not  infrequently  pass  into 
a  state  of  fibrillation.  In  mitral  stenosis  the  heart  as  a  whole  comes 
to  have  a  somewhat  quadrangular  form  ;  the  enlarged  right  ventricle 
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forms  a  larger  proportion  of  the  anterior  surface  of  the  heart  than 
normally  and  often  constitutes  the  apex,  while  the  small  left  Tentricle 
is  applied,  as  it  were,  to  the  side  of  it  (Eig.  238).  The  weight  of  the 
heart  is  not  so  much  iiiereased  as  in  other  lesions.  Mitral  stenosis 
usually  gives  rise  to  a  distinct  murmur  over  the  precordinm,  sometimes 
also  to  a  palpable  thrill,  during  auricular  systole  ;  the  murmur  is 
thus  known  as  auricular  systolic  (A.S.)  or  presysfolic. 

Mitral  incoaipticnce^  according  to  the  principles  above  explained, 
causes  a  condition  which  results  in  a  larger  left  ventricle  by  means 
of  which  the  usual  amount  of  blood  is  passed  on.  The  left  ventricle 
accordingly  becomes  enlarged,  and  its  wall  somewhat  hypertrophied, 
though  these  changes  are  usually  of  slighter  degree  than  in  the  ease 
of  aortic  regurgitation.  Erom  the  outset  there  are  dilatation  of  the 
left  auricle  and  engorgement  of  the  pulmonary  circulation.  Increased 
work  is  thrown  on  the  right  ventricle,  which  becomes  hypertrophied 
and  enlarged.  The  subsequent  effects  are  similar  to  those  occurring 
in  mitral  stenosis.  Lesions  affecting  primarily  the  valves  on  the  right 
side  of  the  heart,  which  are  relatively  uncommon,  cause  corresponc^g 
effects.  Tricuspid  incompetence  produces  enlargement  of  both  right 
auricle  and  right  ventricle,  while  tricuspid  stenosis  affects  mainly  the 
auricle.  Pulmonary  valve  obstruction  causes,  primarily ,  hypertrophy  of 
the  right  ventricle,  hut  is  of  very  rare  occurrence  except  as  a  congenital 
abnormality. 

Other  Causes  of  Cardiac  Enlargement.  What  may  be  called 
a  physiological  enlargement  of  the  heart  occurs  in  pregnancy,  but  it 
is  of  slight  degree.  Apparently  it  is  due  to  the  increased  blood  volume 
and  to  the  effects  of  the  placental  circulation  acting  as  a  temporary 
arterio-venous  anastomosis.  Consequently  the  cardiac  output  is 
raised,  reaching  a  inaximiiiii  about  the  thirty- sixth  week,  and  this 
imposes  a  considerable  additional  straui  upon  the  heart,  which,  in 
cases  of  mitral  disease,  may  be  very  adversely  affected.  A  eertaiii 
amount  of  h3rpertrophy  is  produced  also  as  a  result  of  hard  physical 
work,  athletic  and  military  training,  etc.,  and,  as  mentioned  above, 
a  temporary  dilatation  may  occur  from  overstrain.  Of  pathological 
conditions  outside  the  heart,  by  far  the  commonest  and  most  important 
is  increased  resistance  in  the  peripheral  arterioles,  as  occurs  in  essential 
hypertension  and  in  hypertension  due  to  renal  disease  (Eig.  239).  This 
leads  to  the  most  characteristic  type  of  hypertrophy  of  the  left  ventricle 
^  _the '  concentric  hypertrophy  ’  of  earlier  writers.  The  w-all  of  the  left  * 
ventricle  becomes  markedly  thickened,  the  thickness  sometimes  reaching 
1  in.  (25  mm.),  while  the  columnse  carnese  are  enlarged  and  manifestly 
powerful  (Eig.  239).  The  ventricle  is  like  a  cone,  and  on  section  the 
cavity  is  circular  and  surrounded  by  the  thick  muscular  wall;  the 
right  ventricle,  which  may  likewise  show  some  associated  hyper¬ 
trophy,  being  applied  to  the  side.  The  firm  muscular  cone  of  such  a 
ventricle  gives  a  quite  characteristic  impression  on  palpation,  and  is 
rarely  met  with  in  any  other  condition.  The  cavity  of  the  ventricle 
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may  not  be  enlarged  for  a  long  period  of  time,  but  when  the  muscle 
begins  to  fail,  dilatation  follows  and  may  become  considerable ; 
mitral  incompetence,  venous  congestion,  etc.,  are  the  common  sequels. 
Especially  is  dilatation  likely  to  occur  when  there  is  some  fibrosis  in 
the  myocardium,  as  is  not  uncommon  in  arterio-sclerosis  (p.  296). 
As  a  rare  cause  of  hypertrophy,  polycythemia  may  be  mentioned. 
Owing  to  the  increased  number  of  the  red  corpuscles,  the  viscosity 
of  blood,  and  thus  the  frictional  resistance,  is  heightened  and  a  certain 
amount  of  hypertrophy  follows. 

Another  rare  cause  of  h}q)ertrophy  of  the  left  venticle  is  stenosis 
or  co-arctation  of  the  aorta— a,  congenital  lesion  which  occurs  just  beyond 
the  origin  of  the  great  vessels  from  the  arch  (p.  377). 


Fig.  239. — ^Transverse  section  of  heart  near  apex  in  a  case  of  arterio-sclerosis 
and  renal  fibrosis  with  high  blood  pressxire. 

IS’ote  great  hypertrophy  of  wall  of  left  ventricle.  X  h 

Adherent  pericardium  sometimes  produces  hypertrophy  and  dilata¬ 
tion  of  the  heart,  especially  of  the  left  ventricle.  Not  infrequently, 
however,  we  find  the  pericardial  sac  quite  obliterated  by  adhesions, 
whilst  the  heart  is  not  enlarged  ;  and  it  would  appear  that  in  cases  of 
this  kind,  the  connective  tissue  outside  becomes  stretched  and  loosened 
to  such  an  extent  that  the  cardiac  contractions  are  not  much  affected. 
If,  on  the  other  hand,  there  is  induration  of  the  tissues  owing 
to  a  spread  of  the  inflammation,  as  sometimes  occurs,  then  the  systole 
of  the  heart  will  be  interfered  with,  and  a  varying  amount  of  hyper¬ 
trophy  and  dilatation  is  the  result.  There  seems  no  doubt  that 
adherent  pericardium  hampers  the  cardiac  action  to  a  greater  degree 
if  the  heart  is  already  enlarged,  as  the  movement  of  the  ventricular 
wall  during  systole  is  greater  ;  thus  the  enlargement  is  further 
increased.  Examples  of  very  large  heart  are  met  with  when  there 
is  a  combination  of  valvnlar  disease,  especially  aortic,  and  adherent 
pericardium.  The  condition  of  chronic  constrictive  pericarditis 
presents  special  features  which  are  considered  later. 
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Hypertrophy  of  the  right  ventricle  is  caused  also  by  extrinsic  con¬ 
ditions,  namely  by  obstructive  lesions  in  the  lungs ;  the  chief  of  these 
are  emphysema  and  chronic  interstitial  pneumonia,  the  latter 
lesion  being  mther  a  primary  one,  as  in  silicosis,  or  secondary  to  acute 
pneumonia.  The  mode  of  action  of  these  conditions  in  producing 
obstruction  has  been  already  described  (p.  6).  The  same  result 
follows  in  other  conditions  where  there  is  pulmonary  arteriolitis— 
in  Ayerza's  disease,  occasionally  in  sypMlis  (p.  30<),  and  in  some  other 
cases  ofuhknown  etiology.  It  may  be~ idded  that  a  distinct  amount 
of  hypertrophy  of  the  right  side  of  the  heart  may  be  met  with  in  cases 
of  rnarked  spinal  curvature,  with  deformity  and  rigidity  of  the  chest 
due  to  previous  rickets,  adolescent  scoliosis  or  Pott  s  disease.  In  all 
the  conditions  mentioned  the  h3rpertrophy  of  the  right  ventricle  may 
be  followed  by  dilatation,  incompetence  of  the  tricuspid,  general  venous 
engorgement”  and  oedema,  death  often  occurring  with  symptoms  of 
cardiac  failure.  The  myocardium  of  a  hypertrophied  right  ventricle 
may  be  the  seat  of  fatty  degeneration  and,  just  as  occurs  in  mitral 
stenosis,  patchy  atheroma  may  be  present  in  the  pulmonary  artert 
and  its  branches. 

Cardiac  Failure  :  Decompensation  :  Dilatation  from  Failure 

The  normal  heart  has  great  reserve  power,  and  this  can  be  sub¬ 
stantially  increased  by  physical  training.  During  exertion,  there  is 
a  greater  venous  return  to  the  heart  with  consequent  increase  in 
diastolic  filling  and  stretching  of  the  muscle  fibres  ;  the  response  is 
by  a  more  vigorous  contraction  (Starling)  and,  the  blood  pressure  is 
raised.  The  rate  of  contraction  also  increases  during  exertion  and 
these  two  factors  together  can  raise  the  minute  volume  to  five  or  six 
times  that  of  the  resting  state  in  ordinary  persons  but  up  to  rune 
times  in  the  trained  athlete. 

In  a  normal  lieart,  assuioing  ttiat  at  rost  th.6  strok©  toIiiiq.6  is  66  ml. 

and  the  rate  72  beats  per  minute,  the  left  ventricle  has  a  minute 
volume  of  about  5  litres,  an  hour  volume  of  300  litres  and  a  daily 
output  of  7,200  litres  (about  7^  tons  !).  If,  as  a  result  of  a  valyular 
defect,  e.g.  aortic  incompetence,  the  left  ventricle  has  to  expel  an 
additional  20  ml.  to  compensate  for  the  diastolic  aortic  leak,  then  the 
additional  daily  output  will  be  over  two  tons.  It  is  thus  seen  that 
even  a  moderate  augmentation  of  stroke  volume  increases  substantially 
the  total  daily  work  required,  and  the  reserve  power  of  the  heart  is 
consequently  reduced.  In  the  normal  state,  the  size  of  the  cavities 
is  soon  regained  after  exertion,  but  if  the  heart  is  over-fatigued  by 
extreme  physical  effort  or  its  power  reduced  by  tomc^action,  inadequate 
oxygen^upply,  etc.,  the  cavities  may  fail  to  expel  all  the  blood  received 
and  become  progressively  dilated ;  stretching  of  the  fibres  has  then 
gone  beyond  the  point  of  increased  energy  of  contraction  and  there 
is  therefore  retention  of  residual  blood.  On  purely  physical  principles 
the  dilated  heart  acts  at  a  great  disadvantage  because  in  order  to  bring 
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about  a  given  pressure  mtMii  tbe  larger  cavity  the  wall  has  to  achieve 
a  greater  tension  by  contraction  than  is  required  in  a  smaller  cavity. 
Another  important  result  which  often  follows  dilatation  of  a  ventricle 
is  stretching  of  the  mitral  or  triciis|)id  orifice,  as  the  case  may  be, 
and  secondary  or  relative  mcompetence  of  the  valve  ensues.  Dilatation 
of  the  cavities  is  therefore  the  essential  physical  condition  underlying 
decompensation  ;  emx3tymg  is  incomplete,  the  cardiac  output  falls, 
venous  pressure  rises,  and  progressive  failure  is  initiated.  This  pro¬ 
duces  such  symptoms  as  dyspnoea,  cyanosis  and  oedema,  and  in  the 
later  stages  the  patient  is  breathless  even  at  rest  and  incapable  of 
even  slight  exertion.  It  may  be  added  that  duruig  compensation 
the  oxygen  unsaturation  of  the  venous  blood  may  not  be  above  the 
normal,  but  becomes  markedly  so  during  the  stage  of  decompensa¬ 
tion.  When  pulmonary  complications  such  as  oedema  occur,  arterial 
unsaturation  becomes  increased. 

It  will  be  appreciated  from  the  above  buthne  that  cardiac  failure 
is  essentially  myocardial  failure  ;  it  may  be  produced  by  a  variety  of 
conditions  and  may  be  gradual  or  acute.  The  cause  may  be  in  the 
heart  itself,  that  is,  intrinsic ;  thus  a  progressive  lesion  of  a  valve, 
the  myocardium,  or  the  conducting  system  may  bring  about  gradual 
heart  failure,  while  myocardial  infarction  may  cause  acute  failure. 
Only  rarely  is  there  any  sudden  mechanical  alteration  due  to  a  valvular 
lesion,  although  we  have  on  several  occasions  observed  that  sudden 
rupture  of  a  cusp,  by  throwing  on  the  heart  an  additional  strain 
to  which  it  has  not  been  gradually  adapted,  precipitates  a  very 
rapidly  progressive  decompensation.  The  extrinsic  causes  of  heart 
failure  are  numerous  :  in  any  severe  toxic  condition,  such  as  diphtheria, 
enteric  fever,  or  lobar  pneumonia,  death  may  result  from  acute 
dilatation,  but  if  recovery  takes  place  the  dilatation  is  only  temporary 
and  the  cavities  soon  regain  their  normal  size.  Excessive  strain  or 
extreme  physical  exertion  may  bring  about  temporary  dilatation  in 
a  previously  healthy  heart,  and  this  may  be  recovered  from  by  rest 
in  bed  although  the  ejBFects  sometimes  last  for  a  considerable  time. 

Naturally,  these  extrinsic  causes  of  failure  tend  to  be  particularly 
serious  in  persons  whose  cardiac  muscle  is  already  working  at  a  dis¬ 
advantage  in  compensating  for  valvular  defects,  hypertension  or 
myocardial  fibrosis  and  in  such  persons  the  less  severe  infections,  such 
as  the  common  cold,  mild  influenza,  etc.,  may  precipitate  decompensa¬ 
tion,  Likemse  undue  exertion,  dietary  indiscretions,  diseases  in 
other  organs  and  even  psychical  causes  such  as  a  sudden  mental  shock 
or  anxiety  may  cause  the  previously  compensated  heart  to  break  down. 

In  hyperthyroidism  the  increased  pulse  rate  is  accompanied  by 
increased  blood  volume  and  raised  cardiac  output  and  the  increased 
work  thus  demanded  eventually  leads  to  cardiac  failure  often  preceded 
by  auricular  fibrillation.  In  severe  angemia  too  there  is  increased 
cardiac  output  and  raised  venous  pressure  and  the  myocardium  is 
likely  to  be  the  seat  of  fatty  degeneration ;  for  these  reasons  it  is 
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dangerous  to  relieve  the  aiiai,iiiia  rapidly  by  traiisfiision  of  a  large 
voliiine  of  blood,  as  this  in,creases  the  venous  pressure  still  further 
and  may  precipitate  cardiac  failure — ^tlie  so-called  hyperkinetic  s}ui- 
di’ome  (Sharpey-Sehafer).  In  Paget’s  disease  of  bone  an  effect  like 
arterio-venous  communication  is  brought  about  by  the  abiiornial 
vascularity  of  the  bones  ;  c^ftdiac  output  is  much  increased  and  there 
is  a  marked  tendency  to  cardiac  failure. 

Apart  from  the  conditions  of  coronary  artery  disease,  myocardial 
failure  is  not  associated  vitli  any  specific  structural  alteration  in  the 
heart  muscle  ;  the  condition  is  one  of  muscular  exhaustion.  Accord¬ 
ingly  vdth  suitable  rest  and  treatment  an  astonisliing  degree  of  recovery 
may  be  brought  about. 

It  is  often  convenient  to  distinguish  between  left  hmH  failure  and 
right  Jimii  faUure,  de^eiidmg  on  the  site  of  the  initial  decompensation, 
but  of  course  all  cases  of  left  heart  failure  adversely  affect  the  right 
ventricle  and  those  who  survive  long  enough  to  develop  congestive 
failure  with  oedema  are  then  suffering  from  right  heart  failure  in 
addition.  Left  heart  failure  is  the  chief  cause  of  death  in  essential 
hypertension  (60  per  cent.),  in  aortic  valvular  disease  and  in  myocardial 
infarction  and  myocardial  fibrosis.  Sometimes  death  occurs  suddenly, 
especially  in  coronary  artery  disease,  but  occasionally  also  in  cases 
vith  lesions  of  the  aortic  valve.  Much  more  frequently,  death  is  the 
result  of  gradual  heart  failure  with  loss  of  compensation.  Character¬ 
istic  of  left  heart  failure  is  dyspncea,  first  on  exertion,  then  even  at 
rest,  and  especially  the  tendency  to  paroxysmal  nocturnal  dyspncea — 
so-called  cardiac  asthma — which  is  due  to  temporary  imbalance  in  the 
output  of  left  and  right  ventricles.  Failure  of  the  left  ventricle  to 
discharge  all  its  blood  leads  to  lessened  diastolic  intake  from  the 
auricle,  which  in  turn  results  in  acute  engorgement  of  the  pulmonary 
circulation.  In  severe  attacks  there  is  outpouring  of  fluid  into  the, 
alveoli — acute  suffocative  pulmonary  oedema.  Such  an.  attack  may 
terminate  fatally  in  ventricular  fibrillation.  The  origin  of  this  common 
condition  is  probably  to  be  found  hi  increased  diastolic  fiHing  brought 
about  by  the  rise  of  venous  pressure  replting  from  the  increase  of 
blood  volume  following  reabsorption  of  excess  fluid  from  the  lower 
limbs  when  recumbent.  Consequently  the  systolic  output  of  the  right 
ventricle  is  increased.  The  left  ventricle,  the  functional  reserve  of 
which  is  greatly  reduced,  is  unable  to  accept  the  increased  volume 
of  blood  and  thus  acute  venous  engorgement  of  the  lungs  results. 
Periodic  breathing  (Cheyne- Stokes  respiration)  is  another  frequent 
symptom.  If  the  patient  survives  long  enough,  left  heart  failure  leads 
to  ventricular  dilatation,  secondary  incompetence  of  the  mitral  valve, 
chronic  venous  congestion  of  the  lungs  and  eventually  to  right  heart 

failure.  . 

Right  heart  failure,  is  always  due  to  increased  pulmonary  blood 
pressure ;  it  is  therefore  the  chief  mode  of  death  in  cases  of  mitral 
stenosis,  mitral  incompetence  whether  organic  or  secondary,  pulmonary 
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fibrosis,  and  piilnioiiary  empliysema  associated  with  asthma  and 
chronic  bronchitis.  When  the  right  Tentricle  is  unable  to.  empty 
completely  in  systole,  dilatation  of  the  cavity  results  in  tricuspid 
incompeteiice,  dilatation  of  the  right  auricle  and  not  infrequently 
auricular  fibriUation.  Within  the  dilated  and  fibriUating  auricle 
thrombus  forms  and  if  portions  become  detached  hsemorrhagic  infarc¬ 
tion  of  the  lungs  results.  Distension  of  the  great  veins,  readily 
observed  in  the  root  of  the  neck,  and  engorgement  of  the  liver,  spleen, 
kidneys  and  ahmentary  tract  are  in  turn  followed  by  the  appearance 
of  oedema  of  the  dependent  parts  with  ascites  and  hydrothorax  the 
picture  of  congestive  cardiac  failure  wnth  oedema. 

Peripheral  circulatory  failure.  This  is  the  form  of  cardio-vascular 
failure  seen  in  shock  (p.  42).  The  essential  feature  is  the  fall  in 
blood  pressure  and  lowered  cardiac  output  due  to  dimmished  venous 
return  to  the  heart ;  this  may  be  brought  about  by  lowering  of  the 
blood  volume  by  haemorrhage  and  loss  of  plasma  as  in  traumatic 
injury,  or  by  severe  dehydration  in  the  crises  of  x4ddison’s  disease 
and  diabetic  coma,  but  it  may  also  result  from  loss  of  tone  of  the 
arterioles  with  diversion  of  blood  from  the  vital  organs  into  the  muscles, 
etc.,  as  in  vaso-vagal  shock.  In  persons  suffering  from  a  profound 
toxic  illness,  e.g.  general  peritonitis,  diphtheria  of  the  gravis  type,  a 
somewhat  similar  state  may  be  observed  and  no  doubt  multiple  factors 
are  concerned  in  its  genesis,  e.g.  myocardial  damage,  peripheral 
arteriolar  dilatation  and  faulty  cellular  metabohsm  resulting  from 
toxic  action. 

IIL  LESIONS  OF  THE  CONDUCTING  SYSTEM 

Research  has  not  only  firmly  established  the  existence  of  a  special 
system  of  muscular  tissue — ^the  conducting  system — as  the  means  by 
which  the  impulse  to  contraction  is  transmitted  from  auricles  to 
ventricles,  but  has  demonstrated  the  important  relations  of  lesions 
in  it  to  morbid  cardiac  action. 

The  impulse  to  cardiac  contraction  starts  in  the  sinus  node,  which 
is  controlled  by  fibres  from  the  vagus  and  the  sympathetic.  This 
node  has,  accordingly,  been  called  the  pace-maker  of  the  heart.’ 
Between  it  and  the  auriculo -ventricular  node  no  connection  by  definite 
bundle  has  been  found,  and  accordingly  the  impulse  to  the  latter 
apparently  passes  through  the  ordinary  auricular  muscle.  But  from 
the  auriculo-ventricular  node  to  the  muscle  fibres  of  the  ventricles, 
the  wave  of  contraction  follows  a  definite  course  along  the  auriculo- 
ventricular  bundle,  its  branches  and  arborisations. 

The  cardiac  movements  and  the  condition  of  the  conducting 
system  are  studied  clinically  by  the  electrocardiograph.  This  depends 
upon  the  fact  that  a  portion  of  muscle,  as  it  undergoes  contraction, 
passes  into  a  state  of  electro-negativity  ;  and,  accordingly,  when  the 
active  and  inactive  parts  are  made  part  of  a  circuit  in  which  a  delicate 
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aivanometer  is  iiiteri30sed,  a  minute  electric  current  or  action  current 
IS  set  up  wMcli  can  be  recorded  by  the  galvanometer.  The  form 
of  electrocardiograph  usually  employed  is  that  of  Einthoven,  vMcli 
has  a  strhig  garvaiioineter,  and  electrodes  are  applied  to  the  hands 
or  to  one  hand  and  one  foot  of  the  patient.  The  action  current^ 
produce  oscillatorv  movements  of  a  delicate  conducting  fibre,  which 
can  be  photographed  on  a  moving  plate.  The  resulting  _ record  or 
electrocardiom*am  shows  the  successive  phases  of  contraction  of  the 
cardiac  muscle.  In  a  normal  electrocardiogram  tie  ’wave  P  repre¬ 
sents  the  small  current  produced  by  auricular  contraction.  The  ■waves 
B,  S,  and  T  are  due  to  ventricular  contraction,  the  last  oeciming 
at  the  end  of  the  systole  ;  they  together  constitute  ‘  the  ventricular 
complex.’  The  distance  between  P  and  B  is  somewhat  less  than 
the  aiuc  interval  in  the  polygraph,  owing  to  the  fact  that  the  c  wave 
is  realh’  the  carotid  pulse,  not  the  ventricular  systole,  and  is  of 
course  a  little  later  than  the  latter.  The  exact  form  of  the  electro¬ 
cardiogram  varies  somewhat  according  to  the  manner  in  which  the 
leads  have  been  taken,  and  is  named  in  conformity.  In  Einthoven’s 
nomenelatm’e.  Derivation  I  means  that  the  leads  have  been  taken 
from  the  two  hands;  Derivation  II,  from  the  right  hand  and  left 
foot ;  and  Derivation  111,  from  the  left  hand  and  left  foot ;  in  addition 
Xirecordial  leads  are  now  in  common  use. 

Disturbances  of  Sinus  Origin.  Disordered  cardiac  contraction 
is  of  great  variety  of  origin,  and  we  can  attempt  to  explain  only 
some  of  the  principles  on  which  it  depends.  In  the  first  place,  the 
impulse  to  cardiac  contraction,  which  starts^  in  the  sinus  node,  may 
be  emitted  at  an  abnormal  rate  or  in  an  irregular  manner,  hence 
there  arise  dnus  tachycardia,  sinus  bradycardia,  and  sinus  irregularity, 
and  these  conditions  depend  mainly  on  variations  in  the  action  of  the 
sympathetic  nerves  and  vagi.  In  aU  these  instances  the  events  m 
the  cardiac  cycle  succeed  one  another  in  the  ordinary  way,  and  the 
character  of  the  condition  present  depends  on  the  duration  of  the 
diastolic  interval,  which  is  shortened,  lengthened,  or  of  irregular 
lenoth,  according  to  the  condition.  Sinus  tachycardia  often  represents 
a  condition  of  hyperexcitability  and  occurs  in  functionagnervous 
conditions,  for  example  after  severe  physical  prnervous  stram,  m  the 
well-recognised irritable  heart  ’  of  soldiCTS,  in  neura^hema,  etc.  in 
a  state  of  rest  the  pulse  rate  may  be  only  slightly  raised,  but  it 
becomes  greatly  increased  on  exertion.  Sinus  tachycardia  is  met 
with  also  in  disorders  of  the  endocrine  glands,  especially  m  ex^h- 
thalmic  goitre,  where  it  is  part  of  a  general  hyperexoitabihty  of  the 
s’iunpathetic  system.  In  feyjgT_and  in  various_.£oisonmgs  tachyc^dm 
is  of  sinus  origin.  Sinus  irregularity,  which  also  is  of  functional 
nature  and  is  believed  to  he  due  to  variations  in  vagal_cpntrol,  occurs 
in  similar  conditions  and  is  met  with  especially  in  early  life. 

Extrasystoles.  Irregularities  in  the  cardiac  contractions  may, 
however,  be  of  quite  another  nature,  as  is  shown  by  tracings. 
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Aixriculcir  fittrilHtion,  wliicii  is  (l6scril36cl  bslow,  is  3>ii  outstsincliiig 
example,  and  one  of  the  commonest  causes  is  the  occurrence  of  what 
are  known  as  extrasystoles.  This  term  is  applied  to  contractions 
due  to  stimuli  arising  in  some  part  other  than  the  sinus  node.  An 
extrasystole  may  originate  in  any  part  of  the  heart  in  the  ventricle, 
auricle,  or  auriculo-ventricular  node — the  last  being  called  a  nodal 
extrasystole.  The  extrasj’-stoles  may  be  interspersed  in  an  irregular 
maimer,  hut  sometimes  ventricular  extrasystoles  alternate  with 
normal  contractions,  the  result  being  a  coupled  rhythm  or  pulsus 
bigeminus.  Extrasystoles,  unlike  sinus  irregularities,  occur  especially 
in  the  later  half  of  life  and  are  often  due  to  myocardial  and  valvular 
disease,  although  they  occim  also  apart  from  any  organic  lesion. 

Interference  with  Conductivity.  This  is  usually  due  to  lesions 
of  the  bundle,  and  the  effects  may  be  of  very  varying  degree.  These 
have  been  studied  by  experimental  methods,  e.g.  by  compressing 


Fig.  240. — Partial  auriculo-ventricular  block. 

Tlie  first  P-R  interval  is  prolonged  (0*40  second),  and  successive  P-R  intervals*  become  still 
onger,  P  coinciding  with  or  preceding  T,  until  the  fliftli  auricular  deflexion  (P)  is  not  followed  by  a 
ventricular  complex.  The  fifth  stimulus  is  blocked.  The  next  -  ventricular  complex  begins  0'40 
second  after  the  sixth  anricular  deflexion,  P.  Trom  a  man  aged  sixty-one,  suffering  from  aortic 
incompetence,  tabes  dorsalis,  and  diabetes  mellitus.  Derivation  III.  (C.  and  It.) 

the  bundle,  as  well  as  by  clinical  and  pathological  investigation  ;  and 
it  may  be  said  that  the  earliest  evidence  of  interference  with  con¬ 
duction  is  increase  of  time  taken  by  the  impulse  to  pass  from  the 
sinus  node  to  the  ventricles,  as  is  shown  by  a  lengthening  of  the  P-JR 
interval  in  an  electrocardiogram  to  more  than  0*2  second.  G-reater 
interference  causes  the  occasional  dropping  out  of  a  ventricular 
systole,  the  necessary  stimulus  failing  to  pass  (Fig.  240),  and  still 
greater  causes  the  blocking  of  stimuli  in  definite  proportion,  every 
second  or  third  being  thus  blocked.  The  condition  where  actual 
blocking  of  some  stimuli  to  contraction  occurs  is  called  partial  heart 
hhch.  Finally,  conduction  of  impulses  to  the  ventricles  may  be 
eompletely  stopped,  the  condition  being  then  called  complete  heart 
block.  In  this  condition  the  contraction  of  the  auricles  is  determined 
by  the  sinus  node,  whilst  the  ventricles  contract  independently  at 
their  owm  rate,  about  30  per  minute  (Fig.  241) .  These  idio-ventricular 
contractions  are  not  affected  by  vagal  or  sympathetic  stimuli  and  do 
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not  undergo  acceleration  on  exertion.  Heart  block  is  sointdiines 
associated  with  the  Sfohes-Aclam  syndrorm,  in  which  te^mporai}' 
stoppage  of  the  Yentricular  contractions  is  acconipaiiied  by  an  attack 
of  spicope  or  convulsions. 


Fig.  241.— Complete  auriculo-ventricuiar  block. 

Tile  auricular  rate  is  97,  the  ventricular  rate  is  38,  per  minute.  Derivation  I.  (C.  and 

The  lesions  associated  with  heart  block  are  of  different  kinds, 
but  are  mainly  of  a  chronic  character.  Fibrosis  (sometimes  attended 
by  calcification),  which  may 
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be  the  result  of  arterial  dis¬ 
ease  or  of  extension  of  inflam¬ 
matory  change  from  the  base 
of  the  adjacent  valves,  is  the 
commonest  (Fig.  242) ;  hut 
also  gumma,  infarction  or, 
rarely,  tumour  may  be  re¬ 
sponsible  for  the  interruption. 

Occasionally,  the  lesion  is  of 
acute  character,  such  as  par¬ 
tial  necrosis  with  leucocytic  in¬ 
filtration,  which  has  been  met 
with  especially  in  diphtheria ; 
in  such  a  case  the  effects  may 
pass  off.  In  a  few  instances  no 
gross  lesion  has  been  found, 
and  these  are  to  be  regarded 
in  some  way  as  functional  in 

nature.  It  is  known  that  .  '  .  ^  i 

heart  block  may  result  in  some  individuals  from  stimulation^  ot  the 
vagi,  for  example,  or  from  the  action  of  certain  drugs,  e.g.  digitalis. 
The  absence  of  lesion  in  a  few  cases  in  no  way  affects  the_  established 
relationship  of  the  bundle  to  the  occurrence  of  heart  block. 

Auricular  Fibrillation.  This  is  a  remarkable  condition^  in 
which  the  contraction  of  the  auricular  muscle  as  a  whole  has  dis¬ 
appeared,  and  instead,  the  muscle  bundles  contract  independently  aM 

irregularly,  so  that  a  state  of  rapid  quivering  or  fibnUation  of  the 


"Fig.  242. — Section  of  auriculo-ventricu- 
lar  bundle  in  a  case  of  lit  art  block. 

Tke  fibres  of  the  himdle  •which  appear  dark  are 
largely  replaced  by  connective  tfeue : 
bundle ;  &,  ordinary  muscle  fibres  of  beaxt.  (G.  u.  w  - 1 
X  45.  ’ 
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muscle  is  produced.  Such  a  condition  may  he  seen  in  the  auricles 
of  dyincr  animals,  and  can  be  produced  by  faradic  stimulation  of  the 
auriSes  The  result  of  the  condition  m  the  auricles  is  that  impidses  of 
TrS’  force  pass  from  the  right  auricle  irregularly,  and  accordingly 
S  ventricular  contractions  and  the  pulse  waves  _  become  qmte 
irregular.  Auricular  fibrUlation  is  the  cause  of  the.  irregular  mitral 
3e  or  pulsu,  irregularis  perpetuus.  In  an  electrocardrogram  the 
ventriculfr  rhythm  is  seen  to  be  irregular,  and  the  diastolic  spaces 
are  occupied  by  numerous  slight  oscillations  due  to  the  contract  on 
of  bundles  of  the  auricular  muscle  (Fig.  243).  Auricular  fibrillation 


occurs  in  dilated  auricles,  most  frequently  as  the  result  of  mitral 
endocarditis  or  fibrosis  of  the  cardiac  muscle.  A  certain  amount 
of  irregular  fibrosis  is  usually  present  in  the  auricular  walls,  and 
whilst  some  of  the  muscle  fibres  are  hypertrophied,  others  are 
undergoiQg  atrophy  and  disappearing.  It  has  accordingly  been 
supposed  that  the  fibriUation  may  be  due  to  a  bloekmg  of  the  con- 
ductivity  at  certain  points,  by  which,  the  contraction  is  deviated  and 
irregularly  distributed.  In  any  case,  it  seems  pretty  certain  that 
the  disordered  muscular  contraction  in  fibrillation  is  often  due  to 
structural  change  in  the  auricular  muscle. 


Auricular  Flutter.  This  term  has  beeu  applied  to  a  comparatively  rare 
condition  in  which  there  are  extremely  rapid  hut  regalaj  contractions  of  the 
auricles,  these  numbering  250-300  or  even  more.  In  some  cases  the  ventricidar 
contractions  are  of  equal  number,  but  more  frequently  they  are  present  m  the 
proportion  of  1  :  2,  1  :  3.  or  1  :  4  (Fig.  244).  The  condition  may  appear  sudde^y 
md  be  of  transitory  character  ;  on  the  other  hand,  it  may  persist  unchanged  for 
a  considerable  period  of  time.  Although  the  condition  has  been  observed  where 
the  heart  has  been  apparently  healthy,  it  occurs  especially  in  recognisable  acute 
or  chronic  cardiac  disease ;  it  has  been  met  with  also  m  cases  of  exop^tolinic 
goitre  of  long  standing.  The  rapid  auricular  contractions  suggest  some  irritative 
condition  of  the  sinus  node,  but  the  exact  causation  is  not  yet  clear.  In  cases 
of  auricular  flutter,  where  post-mortem  examination  has  been  made,  the  heart 
has  been  the  seat  of  chronic  myocardial  or  chronic  valvular  disease,  and  the  walls 
of  the  auricles  have  been  aSeoted  by  myocarditis  with  damage  to  the  muscle  ; 
in  some  eases  the  sinus  node  has  been  involved,  but  in  others  it  has  been  free 
from  change.  Although  auricular  flutter  is  a  distinct  condition,  as  shown  by 
the  fact  that  it  may  persist  over  months  or  even  years,  it  is  apparently  related  to 
auricular  fibrillatioii  and  may  be  succeeded  by  the  latter.  ,  And  conversely,  a 
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state  of  fibrUlation  may.  in  certain  conditions,  pss  into  ^ 

of  interest  to  note  that  auricular  flutter  may  be  produced  by 

lation  of  the  auricles,  and  that  they  may  then  pass  mto  a  condition  of  fibrillation. 


-R. 


From  a  man  aged  iorty-ftve  suffering  from  heart  faUure.  (C.  and  R.) 

Nodal  Rhythm.  In  this  condition  the  stimulus  to  contraction  orig^tes 
in  the  auriculo-ventricular  node  and  then  passes  to  the  autieles  and  ventocles 
which  contract  almost  simultaneonsly.  When  the  smus  node  is  inhibited  or 
otherwise  thrown  out  of  action,  stimuH  are  produced  m  the  auriciflo-vratocular 
node  at  a  slower  rate  than  in  the  sinus  node,  and  th^  the  nodal  is 

associated  with  a  certain  amount  of  bradycardia.  A  correspondi^ 
condition  is  of  very  rare  occurrence,  and  is  supposed  to  be  the  resul  o  7®"^^ 
iStion  of  the  sinus  node.  On  the  other  hand,  when  the  amiculo-ventncular 
node  is  stimulated,  it  may  discharge  stimuli  at  a  greater 

and  come  to  dominate  the  contractions  of  auricles  and  Tentncles  ,  m  case 

the  nodal  rhythm  is  associated  with  tachycardia.  Cases  m  the  h^an  subje 
correspondSrrthis  latter  condition  are  not  very  infrequent,  the  pulse  ra  e 

beinv  over  140  per  minute.  The  features  of  the  condition  pomt  to  the 
of  some  irritathre  lesion  in  the  auriculo-ventncular  node,  and  such  a  mew  is 
supported  by  results  of  post-mortem  examinations  which  have  been  made  in  a 
f  ew^cases  The  node  has  been  the  seat  of  subacute  or  acute  ^mmatoiy  change, 
a^X  either  has  spread  from  the  adjacent  mitral  vaWe  or  has  been  part 
of  a  general  myocardial  affection.  It  might  be  expected  that  a  lesion  of  ^ 
kind^would  ultimately  destroy  the  tissue  of  the  aunculo-ventnoular  node 
thm  give  rise  to  heart  block;  but,  so  far  as  we  know,  this  occurrence  has  not 
actually  been  met  witb. 


CONGENITAL  ABN0BMALITIE8 

Introductory.  The  most  important  congenital  abnormalities  of  the  h^rt 

result  from  defects  or  variations  in  the  formation  of  the  septa  m  P™  , 
resmt.  iro  student  must  consult  a  work  on  embryology,  but  it 

.1.  .. »  «.g.  o< 

essLtiaUy  of  three  chambers  or  parts,  an  auricular,  a  ventnoular,  and  the  aor 
bulb-  and  that  division  of  each  of  these  into  two  takes  place  separate  y. 
Of  special  importance  in  this  connection  is  the  relation  of  the  ventnc^r 
°eptX  To  t?e  division  of  the  distal  portion  of  the  b^b  mto  two,  which 
division  results  in  the  formation  of  the  beginning  of  the  aorta  and  of  the 
pulmonary  artery.  The  ventricular  septum  grows  upwards  from  the  apex,  with 

walls  unta  ultimately  there  is  a  relatively  small  aperture  . 

b^b ’eras  ^rt,  undergoes  division  into  two  nearly  equal  parts  by  the  formation 
SkSS  f^^^  m  its  waU  which  meet,  and  the  two  v^sels  fcrmed^o 
a  certein  amount  of  rotation  in  conformity  with  that  of  the  yentncl^. 
Lpt^  of  the  bulb  ultimately  fuses  with  the  up-growmg  ventricular  septum. 
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the  last  portion  to  close  being  represented  by  the  pars  imnibranacea.  Important 
abnormalities  occur  in  connection  with  the  growth  of  these  two  septa.  It  is 
to  be  borne  in  mind  that  the  position  of  the  semilunar  valves  does  not 
exactly  correspond  with  the  junction  of  the  primitive  ventricle  and  the  aortic 
bulb.  This  is  especially  the  case  on  the  right  side,  where  the  lower  part  of  the 
bulb  becomes  the  upper  part  of  the  right  ventricle  or  conus,  and,  as  we  shall 
see,  this  part  is  sometimes  abnormaUy  narrow.  We  shall  first  consider  the  chief 
abnormalities  in  connection  with  the  formation  of  the  different  septa. 

Malforynations  in  Connection  with  the  Aortic  Bulb,— Pulmonary  and  AoHic  Steno¬ 
sis.  Tlie  commonest  of  these  result  from  an  unequal  division  of  the  bulb  and 
most  frequently  the  septum  is  pushed  to  the  right,  so  that  the  aorta  is  abnorm¬ 
aUy  large  and  arises  partly  from  the  right  ventricle,  there  being  usually  a  defect 

in  the  ventricular  septum  at  the  same 
time  (Fig.  245).  The  result  is  pulmonary 
stenosis  or  obstruction,  in  the  wide  sense 
of  the  term,  but  the  condition  of  the 
pulmonary  artery  varies.  Sometimes 
the  pulmonary  artery  is  of  small  size, 
the  division  of  the  bulb  being  markedly 
unequal,  and  occasionally  the  small 
pulmonary  artery  is  even  obliterated  or 
atresie.  In  other  cases  the  narrowing 
IS  mainly  at  the  valve,  the  cusps  being 
sometimes  partly  fused  so  as  to  form  a 
thickened  diaphragm  with  an  aperture  of 
varying  size.  And  a  third  abnormality 
occasionally  met  with  is  a  narrowing  of 
the  part  of  the  right  ventricle  below  the 
valve,  that  is,  the  part  which  is  derived 
from  the  bulb.  All  these  abnormalities 
interfere  with  the  flow  of  blood  into  the 
pulmonary  artery,  and  lead  to  a  varying 
degree  of  hypertrophy  of  the  right  ven¬ 
tricle.  Part  of  the  blood  from  the  right 
ventricle  passes  through  the  aperture  in 
the  interventricular  septum  and  then 
mto  the  aorta,  and  after  birth  the 

and  the  ^gs  receive  part  of  their  blood  sup^y^throu^h^it^^Th^ 

septum  deject  is  the  commonest  and  most,  ^  ^  i>^&nos%s  vnm 

lesion  and  displacement  of  ^ 

of  the  right  ventricle,  constitutes  the  ‘  Tetraloe-v  of  WflllAt  “psrtropny 

times  remarkably  amenable  to  surgical  treatment  In  this  asTn^°+>,“  T™'®’ 

of  congenital  cardiac  disease  with  dehoient  aeration  of  blood  ’thL^^' 

in  the  number  of  red  corpuscles  per  c.mm.  “  Wood  is  «  “  ““T® 

polyeyth»mia.  Cyanosis  is  often  a  prominent  fea  W  W  in 

ccBmUm  or  ‘  blue  disease.’  Owing  to^part  of  If  bl^H  3"®^“ 

passing  through  the  aperture  in  th!  mtervLSafse7t,^?n!^W®*T° 

through  the  lungs,  the  arterial  blood  is  imperfeotlv  Lturated 

other  words  anoxic  anoxemia  is  present  Po^  thl  ^Lr  f  ^  oxygen,  m 

is  called  admixture  cyanosis.  CrLs 

pushed  to  the  left  side,  amithen  the  aorta  is  abnormal 

artery  is  large.  Such  a  condition 

but  in  this  ease  the  blood  flows  in  the  reverse  tr  ^  '^’^o*^tis  arteriosus, 

artery  into  the  aorta.  direction,  vm,  from  the  pulmonary 

cause  a  stream  ^bto^^from  one^entricL^i^tTt^^^^  aortic  narrowing  will 

xxo  vtjnuricie  into  the  Other,  and  thus  tend  to 


Fig.  245. — Pulmonary  stenosis  due 
to  unequal  division  of  the  aortic 
bulb. 

The  large  aorta  arises  from  both  right  and 
left  ventricles  and  there  is  a  deficiency  in 
the  ventricular  septum,  x  t. 
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int-erfere  with  the  closing  of  the  ventricular  septum ;  and  in  most  cases  a  defect 
in  the  septum,  is  present.  Sometimes,  however,  the  septum  is  closed,  and  this 
win  be  the  case  when  a  stenosis  has  resulted  from  fcetal  endocarditis  after  the 
time  of  completion  of  the  septum.  This  type  of  endocarditis  most  frequently 
affects  the  valves  on  the  right  side.  f]ndo carditis  is,  however,  responsible  for 
only  a  small  proportion  of  the  abnormalities  of  the  valves,  such  as,  thickening 
and  adhesion ;  most  are  due  to  abnormality  in  development. 

A  curious  anomaly  results  when  the  aortic  bulb  does  not  undergo  the  nor¬ 
mal  spiral  twisting  necessary  to  bring  its  septum  into  relationship  with  the 
interventricular  septum.  The  pulmonary  artery,  instead  of  rotating  forward 
and  to  the  right,  passes  in  the  other  direction,  and  the  result  is  that  it  comes, 
to  originate  from  the  left  ventricle  while  the  aorta  springs  from  the  right— 
position  of  the  great  vessels.  One  would  expect  such  a  condition  to  he  incom¬ 
patible  with  extra -uterine  life,  yet  in  some  cases  the  child  has  lived  for  some 
time,  this  being  rendered  possible  by  a  certain  amount  of  mixing  of  the  blood 
streams  through  defects  in  the  septa  and  through  a  patent  ductus  arteriosus. 

Deficiencies  of  the  Septa.  Non-closure  of  the  foramen  ovale  is  of  fairly  common 
occurrence,  being  stated  as  present  in  about  25  per  cent,  of  normal  individuals; 
the  aperture  varies  in  size  but  is  usually  quite  small  and  often  valved.  There 
may,  however,  be  a  deficiency  in  the  formation  of  the  septum,  and  a  large  aperture 
may  result,  occasionally  in  addition  to  a  patent  foramen  ovale.  Such  defects, 
even  when  of  considerable  degree,  appear  to  have  little  effect  on  the  circulation. 
They  may  occasionally  be  the  means  of  allowing  a  portion  of  thrombus  from 
a  vein  to  pass  from  the  right  auricle  into  the  left,  in  which  ease  crossed  or  para~ 
doxical  embolism  results. 

The  frequent  association  of  deficiency  of  the  ventricular  septum  with  abnor¬ 
malities  at  the  bulb  has  already  been  mentioned.  But  quite  apart  from  these, 
a  defect  at  the  base  of  the  septum  may  occur.  Usually  it  is  comparatively 
small  and  involves  only^he  pars  membranacea,  but  sometimes  also  the  muscular 
part  is  deficient  and  a  large  aperture  is  present,  so  that  the  heart  may  be  almost 
of  trUoeular  type.  -  With  even  such  a  grave  defect  life  has  been  maintained 
for  a  considerable  period. 

Stenosis  of  the  Aorta.  Sl^ht  narrowing  of  the  aorta  between  the  left  subclavian 
artery  and  the  orifice  of  the  ductus  arteriosus,  i.e.  in  the  interval  where  the  two 
main  streams  of  the  foetal  circulation  cross,  is  not  very  uncommon.  The  stenosis 
is  rarely  marked,  though  cases  of  complete  atresia  of  the  aorta  at  this  point 
have  been  recorded  ;  in  such  a  condition  the  blood  has  been  supplied  to  the  lower 
parts  of  the  body  by  dilatation  of  collaterals  from  the  caxotids  and  subclavians. 
The  condition  is  known  also  as  coarctation  of  the  ,aorta,  and  when  it  has  been 
of  marked  degree  a  difference  in  the  volume  of  the  pulse  in  upper  and  lower 
limbs  >>«.»  been  observed.  Occasionally  an  aneurysm  has  d#^elop€d  above  a 
stenosis  of  the  aorta,  and  also  rupture  of  the  aorta,  apart  from  the  presence  of 
an  aneurysm,  has  been  observed. 

Abnormalities  of  the  'Valves.  The  most  important  of  these  is  stenosis,  which 
most  frequently  affects  the  pulmonary  valve.  The  segments, may,  be  fused  into 
a  comparatively  smooth  membranous  diaphragm  with  an  aperture  in  its  centre, 
and  it  may  be  doubted  whether  such  a  lesion  results  from  foetal  endocarditis, 
as  is  held  by  some,  or  represents  an  abnormality  in  development.  The  im¬ 
portant  effects  of  such  a  lesion  have  already  been  described.  Occasionally 
a  certain  amount  of  stenosis  occurs  at  the  tricuspid  orifice  and  here  also  there  is 
usually  absence  of  signs  of  inflammatory  change.  If  the  obstruction  be  sufficient 
to  appreciably  the  passage  of  blood  into  the  right  ventricle,  part  of  the 

blood  will  pass  through  the  foramen  ovale,  and  there  will  also  be  a  stream  from 
the  left  ventricle  into  the  right  through  the  aperture  at  the  base  of  the  ventri¬ 
cular  septum,  if  this  has  not  been  closed.  A  permanent  deficiency  in  the 
septum  may  thus  be  maintained  as  in  the  case  of  pulmonary  stenosis. 

Sometimes  excess  or  deficiency  in  the  number  of  the  segments  of  the  semilunar 
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valves  may  be  met  with ;  occasionally  there  are  four  segments  usually  some¬ 
what  unequal  in  size,  but,  as  a  rule,  there  is  no  interference  with  the  efficiency 
of  the  valve.  Occasionally,  on  the  other  hand,  only  two  segments  are  present, 
and  this  abnormality  is  more  frequently  met  with  at  the  aortic  valve.  One 
segment  is,  as  a  rule,  somewhat  larger  t%n  the  other  ’and  often  shows  evidence 
of  fusion  of  two  segments  ;  the  competence  of  the  valve  may  not  be  interfered 
with.  It  has  been  noted  that  such  a  valve  has  a  tendency  to  become  subsequently 
the  seat  of  bacterial  endocarditis  (p.  354).  Cases  have  been  recorded  in  which 
two  mitral  valves  have  been  present,  but  such  an  abnormality  is  of  great  rarity. 


THU  FUBIOAHHIUM 

Pericarditis.  In  acute  pericarditis  the  exudate  may  present 
various  characters.  It  may  be  fibrinous — dry  pericarditis.  The 
exudate  usually  appears  first  posteriorly  round  the  large  vessels  at 
the  base  of  the  heart  as  a  somewhat  roughened  layer,  but  when  it 
becomes  abundant,  it  forms  a  rough  covering  to  the  heart  with 
irregular  projections,  giving  rise  to  the  so-called  ‘  bread  and  butter  ’ 
appearance.  In  other  cases,  the  exudate  is  chiefly  a  somewhat 
turbid  fluid — pericarditis  with  effusion;  but  mixed  or  sero-fibrinous 
forms  also  occur.  Other  varieties  are  suppurative  and  hemorrhagic 
pericarditis.  . . .  . 

Acute  pericarditis  may  sometimes  be  the  result  of  extension  of 
organisms  from  some  lesion  in  the  vicinity,  e.g.  empyema,  suppuration 
in  the  mediastinum  ;  or  it  may  arise  from  son»  ulcerating  growth, 
e.g.  of  the  oesophagus.  In  the  great  majority  of  cases,  however,  in¬ 
fection  is  by  the  Mood  stream.  It  is  not  uncommon  in  subacute  and 
chronic  Bright’s  disease,  pneumonia  (sometimes  by  direct  extension), 
septicsBmias  and  the  various  infective  fevers.  •  The  suppurative  type 
is  produced  cMefly  by  pneumococci,  streptococci  and  staphylococci ; 
and  infection  by  the  last  may  be  secondary  to  small  abscesses  in  the 
heart  wall.  Hemorrhagic  pericarditis  sometimes  occurs  in  Bright’s 
disease  and  in  scurvy,  and  it  may  he  produced  by  tuberculosis  or  by 
malignant  growths  in  the  heart  wall — ^the  last  being  a  rare  occurrence. 
Acute  pericarditis  is  common  in  rheumatic  fever,  and  the  exudate  is 
mainly  fibrinous  or  sero-fibripous  ;  it  does  not  become  suppurative. 
Aschoff  bodies  are  often  to  he  found  in  the  epicardinm  beneath  the 
exudate,  and  the  leucocytes  in  the  exudate  are  mainly  mononuclears 
and  lymphocytes.  Acute  fibrinous  pericarditis  with  serous  or  hsemor- 
rhagic  efcsion  is  very  frequently  seen  overlymg  the  site  of  a 
myocardial  mfarct.  The  ordinary  sequel  to  fibrinous  pericarditis  is 
organisation  of  the  exudate,  and  adhesions  with  partial  or  complete 
obliteration  of  the  pericardial  sac  ultimately  form.  Sometimes, 
especiaUy  in  rheumatic  cases,  there  may  be  repeated  attacks,  and  great 
thickening  of  the  pericardium  may  result.  There  may  be  also 
calcification  in  the  thickened  fibrous  tissue.  Great  pericardial  thick- 
eimg  is  met  with  also  in  the  condition  known  as  polyserositis  or 
Picks  disease  (p.  622) ;  here  also  calcification  may  follow.  The 
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effects  of  adherent  pericardium  on  the  heart  have  been  described 
above  (p.  366). 

Occasionally,  slightly  thickened  patches  of  opaque  and  whitish 
appearance  are  met  with  in  the  epicardium ;  they  are  ordinarily 
known  as  '  milk  spots.'  They  occur  especially  over  the  anterior 
surface  of  the  'TigM  ventricle  and  the  apex  of  the  left  ventricle, 
also  over  the  base  posteriorly ;  often  they  are  numerous  and  of 
small  size,  but  occasionally  a  large  area  of  opacity  is  present.  They 
are  not  uncommon  in  h}"pertrophied  hearts.  Occasionally,  fibrous 
adhesions  are  present  over  an  area  of  tMckening,  and  it  is  often 
doubtful  whether  the  local  pericarditis  has  been  secondary  to  the 
thickening  or  has  been  primary.  Milk  spots  in  themselves  are  of  no 
pathological  significance. 


Fig.  246. — Tuberculous  pericarditis  in  a  child,  with,  obliteration  of  peri¬ 
cardial  sae  and  caseous  change  between  the  layers — ^shown  on  section. 
(J.W.S.B.) 

TubeTCulous  PericoLTditis.  The  pericardium  and  heart  are  relatively 
immmie  in  cases  of  acute  miliary  tuberculosis,  only  a  few  tubercles 
occurring  in  them.  On  the  other  hand  tuberculous  disease  of  the 
pericardium  is  not  uncommon,  and  this  is  due  to  backward  spread  of 
infection  along  lymphatics  from  long-standing  disease  of  the  upper 
mediastinal  lymph  nodes.  The  affection  presents  varying  characters. 
At  an  early  stage  there  is  an  acute  exudative  mflammation  with 
fibrinous  exudate  and  the  formation  of  granulation  tissue  in  which, 
however,  tubercles  form.  The  disease  may  thus  appear  like  an 
ordinary  fibrinous  pericarditis  and  its  real  nature  may  be  discovered 
only  on  microscopic  examination.  In  other  cases  caseation  may  occur 
in  the  exudate  and  this  is  usually  followed  by  much  thiekening  of 
the  layers  of  the  pericardium  (Eig.  246)  and  later  sometimes  by  calci¬ 
fication.  In  certain  cases  a  tuberculous  pericarditis  at  an  early  stage 
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assumes  a  markedly  li^monkagic  character  ;  the  abundant  exudate, 
both  fibrinous  and  fluid,  may  contain  a  considerable  admixture  of 
blood.  We  have  foimd  in  such  a  condition  that  the  tubercle  bacilli 
may  be  present  in  very  large  numbers  in  the  exudate. 

Chrome  Constrictive  Pericarditis,  This  term  is  applied  to  a  condition  of  dense 
fibrous  adhesions  around  the  heart,  usually  commencing  in  childhood  with  a 
febrile  illness  and  pericarditis  clinically  resembling  rheumatism.  Pericardial 
effusion  is  often  followed  by  pleural  effusion  and  later  by  absorption  and  healing 
with  very  dense  fibrous  tissue  and  sometimes  calcification.  The  effect  is  to 
constrict  the  caval  openings  and  the  chambers  of  the  heart  and  thus  to  interfere 
with  diastolic  filling ;  great  rise  of  venous  pressure  occurs  and  cardiac  failure 
ultimately  ensues.  It  is  now  accepted  that  the  majority  of  eases  are  of  tuber¬ 
culous  origin.  Surgical  resection  of  the  visceral  and  parietal  layers  of  thYpS- 
eardium  gives  relief  of  symptoms  in  about  one-third  of  the  cases. 

Hsemorrhage.  In  addition  to  lisemorrhagic  pericarditis  already 
described,  hsemorrhage  into  the  pericardial  sac,  giving  rise  to  hsemo- 
pericardium,  may  occur  in  a  variety  of  conditions.  It  may  be  due 
to  rupture  of  the  heart  itself  or  to  rupture  of  an  aneurysm,  or  again, 
it  may  result  from  rupture  of  the  aorta  (p.  320)  without  the  presence 
of  an  aneurysm.  It  may  be  produced  also  by  a  stabbing  wound 
involving  the  heart  or  a  large  vessel.  When  the  bleeding  takes  place 
rapi(Uy,  the  pressure  of  the  accumulated  blood  acts  on  the  chambers 
and  interferes  with  their  diastolic  filling.  The  output  of  blood  from 
the  left  ventricle  is  thus  greatly  diminished,  the  blood  pressure  rapidly 
falls  and  death  from  heart  failure  results.  When  the  bleeding  is 
more  ^adual  a  considerable  accumulation  of  blood  with  passive 
distension  of  the  sac  may  follow,  and  there  may  be  little  interference 
with  the  cardiac  action  for  a  considerable  time. 

Multiple  minute  haemorrhages  not  infrequently  occur  into  the 
layers  of  the  pericardium  in  the  various  septic  and  anaemic  conditions 
where  such  haemorrhages  are  usually  met  with,  andlhey  may  be  due 
to  the  presence  of  minute  abscesses  in  the  superficial  part  of  the  heart 
muscle  (p.  344).  They  are  sometimes  a  prominent  feature  also  in  cases 
of  death  by  suffocation. 


Tumours  of  the  Heart  and  Pericardium 

Tumours  of  all  kinds,  both  primary  and  secondary,  are  of  rare 
occmrence  in  the  heart  wall.  Fibroma,  myxoma,  lipoma,  and  lymph¬ 
angioma  have  occasionally  been  met  with  ;  they  have  been  observed 
especially  m  the  left  auricle,  and  sometimes  a  mass  of  considerable 
size  has  been  present  projecting  into  the  cavity  usually  from  the  margin 
of  the  foramen  ovale.  Basmangioma  is  anothermie  growth  ;  I  have 
recently  seen  one  of  considerable  size  at  the  upper  margia  of  the 
right  ventricle.  Mabdomyoma  has  been  found  to  occur  in  a  con¬ 
siderable  number  of  instances.  The  growth,  wliich  is  of  congenital 
ongm  occurs  especially  in  the  ventricles  as  multiple  rounded  nodules 
ot  pale  and  somewhat  translucent  tissue.  Histologically,  it  is  seen. 
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to  consist  of  large  braiicliiiig  cells  in  which  striped  fibrils  are  fo'iuid  ; 
the  cells  have  a  somewhat  vacuolated  appearance  and  contain  mneli 
glycogen.  In  a  number  of  cases,  of  which  we  have  met  with  one 
example,  the  ginvdh  has  been  associated  vith  multiple  discrete  glio- 
matous  grovdhs  in  the  cerebral  hemispheres,  the  so-called  tuberous 
sclerosis ;  sometimes  there  have  been  also  malformations  of  the 
ld,dneys. 

Metastatic  growths  in  the  heart  are  likewise  uncommon,  secondary 
melanotic  tumours  being  disproportionately  numerous  in  relation  to 
their  total  incidence.  The  frequency  of  mammary  cancer  is,  however, 
so  much  greater  that^  cardiac  metastases  of  mammary  origin  are 
probabH  commoner  than  any  other.  Recently  in  my  Department, 
primary  carcinoma  of  the  bronchi  has  been  found  to  present  blood- 
borne  cardiac  metastases  more  frequently  than  any  other  neoplasm, 
but  there  is,  of  course,  an  element  of  selection  in  the  cases  studied 
past  mortem,  as  those  with  broiicliial  carcinoma  commonly  die  in 
hospital,  whereas  cases  of  mammary  carcinoma  more  often  die  at 
home.  The  pericardium  may  be  invaded  by  dii*ect  extension  of 
grovdhs  from  tumours  in  the  vicinity,  especially  cancer  of  the  bronchus 
or,  more  rarely,  of  the  oesophagus.  The  presence  of  tumour  growth 
in  the  pericardium  is  usually  attended  by  inflammatory,  changes, 
often  accompanied  by  haemorrhagic  exudate. 


CHAPTER  X 


RESPIRATOEY  SYSTEM 

Introductory.  If  we  consider  diseases  of  the  respiratory  system 
as  a  whole,  it  is  seen  that  the  majority  of  eases  are  initially  of  the 
nature  of  acute  or  of  chrordc  niflammations,  and  of  these  by  far  the 
commonest  cause  is  bacterial  infection.  The  pulmonary  tissue  is  m 
a  peculiar  position,  as  there  is  a  direct  pathway  from  the  external 
air  to  the  interior  of  the  alveoli,  and  besides  there  is  a  continuity 
of  mucous  membrane  from  the  mouth  to  the  finest  air  passages 
along  which  infection  may  spread.  Nevertheless,  in  the  normal 
condition,  the  defensive  mechanism  of  ciliary  action  and  leucocytic 
activity  prevents  organisms  from  gaining  access  to  the  lungs,  and, 
accordingly,  the  alveoli  and  the  minute  bronchi  are  practically  sterile. 
At  what  level  this  bacierium-free  state  is  reached  cannot  be  definitely 
stated,  aird  no  doubt  it  varies  from  time  to  time.  But  it  can  be 
readily  understood  how  in  conditions  of  lowered  vitality  the  bacterial 
growth  may  extend  farther  downwards  and  set  up  inflammatory  change. 
Thus  in  many  cases,  notably  in  bronchitis,  the  inflammation  is  pro¬ 
duced  by  organisms  normally  present,  that  is,  commensals,  in  the 
mouth  and  upper  air  passages.  The  most  striking  example  of  this 
type  of  bacterial  invasion  is  seen  in  influenza,  where  organisms  of 
many  kinds  may  invade  the  air  passages  ;  but  the  same  principle 
holds  also  in  such  conditions  as  the  piflmonary  complications  of  fevers. 

other  cases,  specific  pathogenic  bacteria  may  gain  entrance  through 
the  mspired  air— such  organisms  as  tubercle  baciUi,  virulent  pneumo¬ 
cocci,  plape  bacilli,  etc.,  and  though  diminished  vitality  here  also 
plays  an  important  part  in  leading  to  infection,  the  presence  of  this 
may  not  be  evident.  We  have  mentioned  that  the  lesion  is,  as  a  rule, 
initially  inflammatory,  but  this  may  lead  to  other  changes  ;  thus, 
for  example,  chronic  bronchitis  ordinarily  causes  emphysema,  which 
m  turn  causes  important  circulatory  disturbance.  The' inhal4ion  of 
irritating  particles  also  may  lead  to  pathological  effects,  but  this  is 
much  less  frequent  now  than  formerly,  and  a  comparatively  small 
proportion  of  pulmonary  disease  is  caused  in  this  way.  Bacterial 
infection  of  the  lungs  may  occur  also  by  means  of  the  blood  stream, 
but  this  is  relatively  rare  as  compared  with  infection  by  the  afr  passages. 

The  effects  oi  pulmonary  lesions  are  of  two  chief  kinds,  namely, 
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{a)  those  arising  from  the  infections  per  se — the  growth  of  bacteria 
in  the  pulmonary  tissue  is  attended  by  fever  and  the  other  results 
of  absorption  of  bacterial  products  ;  and  (5)  those  due  to  interference 
with  the  functions  of  the  lungs  and  the  flow  of  blood  through  them. 

It  is  important  to  have  in  view  those  two  main  groups  of  factors, 
though  not  infrequently  both  are  concerned.  Some  points  may  be 
mentioned  in  illustration. 

(a)  The  bacterial  infections  vary  in  course  and  character.  Some 
are  met  with  as  distinct  diseases,  whilst  others,  again,  are  secondary 
and  often  terminal  phenomena  occurring  in  other  infections,  notably 
the  specific  fevers.  In  one,  namely  lobar  pneumonia,  the  disease 
itself  has  the  character  of  a  specific  fever,  the  temperature  running  a 
definite  course  and  terminating  usually  by  crisis  ;  whilst  in  broncho¬ 
pneumonia  the  fever  is  of  non-characteristic  type.  The  tuberculous 
infections  are,  of  course,  more  prolonged,  but  in  them  also  we  see  the 
effects  of  absorption  of  bacterial  toxins  resulting  in  fever  of  very 
irregular  course,  wasting,  etc. 

(5)  Gross  lesions  such  as  oedema,  collapse,  pneumonic  consolidation, 
fibrosis,  etc.,  may  interfere  with  the  proper  oxygenation  of  the  blood 
and,  further.  Drinker  has  shown  that  anoxia  may  readily  bring  about 
pulmonary  oedema  and  thus  set  up  a  vicious  circle,  increasing  anoxia 
still  further.  In  certain  parts  of  the  lungs  blood  will  be  circulating 
in  the  ’walls  of  air  vesicles  which  are  either  filled  up  and  do  not  contain 
air,  or  in  ’which  there  is  an  imperfect  movement  of  the  air.  For 
example,  Haldane  has  pointed  out  that  in  rapid  shallow  respiration 
such  as  is  seen  in  lobar  pneumonia,  expansion  of  the  lungs  is  not 
general  and  in  certain  paHs  there  is  little  movement  of  the  air.  The 
general  result  of  such  conditions  is  that  the  blood  returning  from  the 
lungs  and  passed  on  into  the  arterial  system,  is  not  saturated  with 
oxygen  up  to  the  .normal  amount — in  other  words,  there  is  a  certain 
degree  of  anoxic  anoxaemia  (p.  7).  Further,  if  .at  the  same  time,  as 
so.metimes  happens,  there  is  an  imperfect  output  of  blood  from  the 
heart  in  unit  of  time,  then  venous  congestion  results  with  excess  of 
blood  ill  the  capillaries  and  diminished  rate  of  flow"  through  them. 
Thus  a  stagnant  or  congestive  anoxaemia  maj"  be  produced.  Both 
tjqies  of  anoxaemia  may  be  present,  and  it  is  in  such  circumstances 
that  cyanosis  becomes  marked.  We  may  mention  lastly  in  this  general 
review  that  certain  permanent  lesions  in  the  lungs,  notably  vesicular 
emphysema  and  fibrosis  (silicosis,  etc.),  diminish  the  total  sectional 
area  of  the  j)ulmonary  capillaries  and  thus  bring  about  obstruction 
to  the  blood  flow".  Hypertrophy  of  the  right  side  of  the  heart  and 
general  venous  congestion  thus  result,  and  death  is  then  brought 
about  by  heart  failure  with  its  accompanying  oedema,  etc.  • 

We  have  spoken  of  bacteria  as  the  commonest  infec’fcing  agents 
in  primary  disease,  but  there  are  also  diseases  in  which  filterable 
viruses  play  an  important  part.  Epidemic  influenza  and  coryza  or 
the  common  cold  are  noteworthy  examples.  The  former  is  often 
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attended  by  severe  pulmonary  lesions,  the  latter  as  a  rule  by  only 
trifling  results,  but  there  is  similarity  in  the  mode  of  action  of  the 
viruses  concerned.  Both  viruses,  entering  the  upper  respiratory 
passages,  lead  to  acute  catarrh  with  watery  secretion,  and  also  to  a 
lowering  of  the  resistance  of  the  mucosa  of  the  passages  to  secondary 
growth  of  various  pyogenic  bacteria  and  to  their  extension  down  the 
bronchial  tree.  Since  bacterial  growth  itself  is  characterised  by 
purulent  secretion  it  is  not  possible  to  distinguish  the  effects  of  the 
viruses  per  se  from  those  of  the  bacteria.  In  coryza  the  secondary 
bacterial  growth  was  clearly  demonstrated  by  Dochez  and  others  by 
experiments  both  on  the  chimpanzee  and  the  human  subject.  The 
pulmonary  lesions  in  influenza  are  described  below.  It  may  be  added 
that  the  so-called  influenza  bacfllus  of  Pfeiffer  is  now  recognised  to  be 
merely  a  frequent  secondary  invader. 


LARYNX  AND  TRACHEA 

Acute  inflammations  of  these  structures  are  of  two  main  types, 
viz.  (a)  catarrhal  and  (6)  croupous  or  pseudo-membranous. 

(A)  Acute  cato/rrhal  inflammation  is  of  comparatively  common 
occurrence,  and  although  the  initial  cause  may  be  exposure  to  cold, 
irritating  vapours,  etc.,  it  is  mainly  due  to  the  action  of  bacteria 
which  extend  from  the  mouth  and  fauces.  The  organisms  chiefly 
concerned  are  pneumococci,  streptococci,  and  the  micrococcus  cata- 
rrhalis ,  and,  in  a  similar  way,  bronchitis  may  be  produced  by  a 
further  extension  of  such  organisms.  Acute  fevers  and  conditions 
of  depressed  vitality  favour  the  occurrence  of  acute  catarrh ;  it  is 
accordingly  specially  common  in  measles,  influenza,  typhoid,  etc. 
The  naked-eye  and  microscopical  appearances  correspond  with 
those  seen  in  catarrhal  inflammation  in  other  parts.  An  acute 
catarrh  may  subside  and  the  condition  of  the  parts  return  to 
normal,  or,  on  the  other  hand,  it  may  pass  into  the  chronic  stage. 

Chronic  catarrh,  which  may  occur  without  any  very  acute  onset 
and  is  not  uncommon  as  a  result  of  excess  in  alcohol  and  smoking 
combmed,  is  attended  by  important  structural  changes.  The  mucous 
membrane  is  the  seat  of  leucocytic  infiltration  and  new  formation 
of  blood  vessels,  and  the  connective  tissue  tends  to  become  increased 
bometimes  there  is  distinct  thickening  of  the  epithelium,  which 
comes  to  be  opaque  in  appearance;  in  the  larynx,  this  may  be  a 
marked  feature,  and  then  the  term  ^mh/yd&rmia  is  applied.  The 
mucous  glands  are  swollen  and  give  the  surface  a  granular  aspect, 
and  occasionaUy  chronic  catarrh  is  attended  by  the  formation  of 
small  papilliform  projections. 

(B)  Orow^  inflammation  may,  for  practical  purposes,  be 
istm^shed  as  ‘diphtheritic’  (caused  by  the  B.  diphtherise)  and 

non-diphtheritie,’  the  latter  being  usually  caused  by  streptococci.  It 
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may  be  set  up  also  by  the  action  of  corrosive  substances  or  by  the 
inhalation  of  irritating  vapours,  notably  ammonia:-. 

Diphtheria  is  an  acute  infiaininatioii  %vhich  affects  most  frequently 
the  fauces,  soft  palate  and  tonsils,  but  may  also  attack  the  nose,  or 
the  larynx  and  trachea  ;  it  occurs  chiefly  in  young  children,  but  may 
also  affect  adults.  The  causal  organisms,  Corymbacteriiim  dipkiheri%, 
exist  in  three  main  forms,  rnitis,  mtermedms  and  gravis,  and  infections 
vith  the  latter  t\q)e  tend  to  he  more  severely  toxic  and  also  to  shov 
greater  local  inflammatory  reaction.  The  organisms  remain  strictly 
localised  at  the  site  of  infection  and  the  systemic  effects  are  due  to 
the  formation  and  absorption  of  a  powerful  exotoxin  which  may  cause 
myocardial  damage  and  toxic  fatty  changes  in  the  organs.  The  local 
lesions  are  characterised  hy  the  formation  on  the  affected  surface  of 
a  false  membrane  composed  of  fibrin  and  leucocytes.  In  the  fauces, 
palate  and  tonsils  the  stratified  squamous  epithelium  becomes 
permeated  by  lymph  which  forms  a  fibrinous  coagulum  in  which  the 
epithelium  is  incorporated  ;  it  then  undergoes  extensive  necrosis  under 
the  influence  of  the  diphtheria  toxin.  The  whole  false  membrane  has 
a  dull  .greyish-yellow  colour  and  it  can  be  detached  only  with  difficulty 
owing  to  the  attachment  of  the  dead  epithelium  to  the  underlying 
tissues.  When  it  is  removed  a  bleeding  connective  tissue  surface  is 
laid  bare.  In  gravis  infections,  membrane  formation  may  be  less 
obvious  but  inflammatory  congestion  and  swelling  are  moie  niaiked 
and  the  cerffical  lymph  nodes  may  be  much  swollen. 

In  the  larynx  and  trachea  on  the  other  hand  the  false  membrane 
is  formed  mainly  on  a  surface  of  which  the  covering  epithelium  is 
columnar ;  this  becomes  detached,  so  that  the  coagulated  exudate 
rests  on  the  basement  membrane  from  which  it  separates  easily  and 
is  coughed  up.  Over  the  vocal  cords,  however,  where  the  epithelium 
is  of  stratified  squamous  character,  the  membrane  is  firmly  adherent 
and  thus  when  the  membrane  is  coughed  up  from  the  trachea  it  may 
fail  to  become  detached  from  the  vocal  cords  and  may  then  become 
impacted  in  the  larynx  and  cause  death  from  suffocation. 

In  nasal  diphtheria  the  infection  is  often  unilateral  and  the  child 
may  appear  to  have  a  ^  cold  in  the  head  ’  with  discharge^ from  one 
nostril-  This  type  is  often  overlooked  until  other  toxic  manifestations 
appear,  e.g.  palatal  paralysis,  myocardial  damage,  etc. 

In  typhoid  fever,  swelling  of  the  lymphoid  tissue  sometimes 
occurs  and  may  be  followed  by  ulceration,  the  process  being  analogous 
to  that  in  the  intestines  (p.  592)  ;  the  presence  of  typhoid  bacilli  has 
been  observed  in  such  lesions.  Catarrh  produced  by  other  organisms  is, 
however,  more  common  in  typhoid,  and  this  also  may  be  attended 
by  ulceration.  Occasionally  the  perichondrium  of  the  cartilages 
becomes  involved,  pus  formiug  around  them,  and  necrosis  of  cartilage 
may  follow.  In  smallpox,  in  addition  to  catarrhal  or  membranous 
inflammation,  nodular  inflammatory  foci,  corresponding  with  those 
in  the  skin,  may  form  in  the  larynx  and  especially  in  the  trachea. 
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Tliey  are  attended  b\'  intense  congestion  and  lifemorrliages,  but  have 
less  tendency  to  necrosis  than  those  in  the  skin ;  sometimes 
however,  they  break  down  and  form  ulcers. 

CEdejna  Glottidis.  This  term  is  not  strictly  correct,  as  the  lesion 
designated  is  an  acute  inflammatory  oedema  of  the  loose  tissues  of 
the  upper  part  of  the  larynx  and  not  of  the  vocal  cords*  The  ary- 
epiglottic  folds  become  greatly  swollen  and  tense,  and  there  is  a 
similar,  swelling  of  the  tissues  around  the  epiglottis.  The  false  cords 
also  are  affected.  The  lesion  is  an  important  one,  as  the  swelling 
may  lead  to  obstruction  and  cause  death  by  suffocation,  but  after 
death  the  parts  become  less  swollen  and  tense  than  they  were  during 

life.  (Edema  of  the  loose 
tissues  mentioned  ma}^  occur 
in  cardiac  and  renal  disease, 
but  rarely  to  such  an  extent 
as  to  cause  serious  results  ; 
the  severe  t^rpe  is  met  with 
rather  as  a  complication  of 
other  conditions.  Thus  it 
may  occur  secondarily  to 
other  lesions  of  the  larynx, 
e.g.  diphtheria,  or  the  deep- 
seated  ulceration  and  peri¬ 
chondritis  met  with  in  tuber¬ 
culosis,  syphilis,  and  some¬ 
times  in  typhoid.  It  may 
result  also  from  erysipelas  or 
from  the  spread  of  inflam¬ 
mation  from  tonsillitis  and 
suppurative  conditions  in  the 
neighbourhood ;  at  times  from 
the  trauma  following  im- 
Fig.  247. — (Edema  glottidis,  showing  great  paction  of  a  foreign  body  in 

the  larynx.  (Edema  glottidis 
.  .  .  ^  ^  niay  be  produced  also  by 

irritating  gases,  scalding  fluids,  etc.  It  occasionally  occurs  in  angio- 
neurotic  csdema  (ji.  38)  and  in  some  cases  has  led  to  a  fatal  result. 
Li  some  of  the  conditions  mentioned  there  may  sometimes  be  an 
infection  of  the  tissues  hy  pyogenic  organisms,  and  then  a  diffuse 
suppuration  or  phlegmonous  condition  may  result,  the  loose  tissues 
being  then  infiltrated  by  pus  and  fibrinous  exudate,  instead  of  a 
clear  fluid  as  in  the  common  condition. 

The  two  most  important  chronic  infective  lesions  of  the  larynx 
are  those  produced  hy  tuberculosis  and  syphilis. 

'^'^herculosis .  Although  tuberculosis  of  the  larynx  is  generally 

admittedto  be  occasionally  primary,  it  is,  in  the  vast  majority  of  eases, 
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secondary  to  tuberculosis  of  the  lungs,  the  disease  be,ing  tlie  result 
of  direct  infection  by  bacilli  in  the  sputum.  The  bacilli  may  enter 
the  mucosa  at  various  parts  and  give 
rise  to  tubercles  which  then  become 
eroded  and  form  small  ulcers  ;  as  in 
other  places,  the  process  of  ulceration, 
once  started,  tends  to  spread.  Any 
part  of  the  larynx  may  be  affected, 
but  the  disease  often  starts  first  and  is 
most  marked  in  the  arytenoid  region 
and  on  the  vocal  cords ;  the  ven¬ 
tricular  bands  and  also  the  aryepiglot- 
tic  folds  are  common  sites  of  ulceration. 

The  vocal  cords  are  not  infrequently 
involved  and  their  margins  eaten  away 
(Fig.  248).  In  a  similar  fashion,  the 
epiglottis  may  be  eroded  and  have  an 
irregular  outline.  Occasionally,  small 
papilliform  excrescences  form  at  the 
margins  of  the  tuberculous  ulcers. 

The  disease  may  ^  spread  deeply  and 
come  to  involve  the  perichondrium 
of  the  cartilages,  especially  the 
arytenoids,  there  being  chronic  thickening  of  the  perichondrium 
attended  by  caseation.  Ulceration  may  extend  to  such  lesions, 
and  portions  of  dead  cartilage  may  be  separated  and  discharged. 
These  various  changes  are  often  attended  by  a  considerable  amount 
of  inflammatory  swelling  ;  sometimes  oedema  glottidis  is  superadded. 
The  mucous  membrane  of  the  trachea  may  be  affected  in  the  same 
way,  and  a  considerable  number  of  tubercles  or  small  ulcers  may  be 
present  in  cases  of  pulmonary  tubercle.  Occasionally,  ulceration 
may  extend  and  expose  the  tracheal  rings. 

Impits  of  the  larynx,  although  also  of  tuberculous  nature,  is  quite  a 
different  condition  from  that  just  described.  In  the  great  majority  of 
cases  it  occurs  secondarily  to  lupus  of  the  naso-phar3mx,  occasionally  to 
lupus  of  the  face.  The  commonest  site  is  the  upper  part  of  the '  larynx, 
especially  the  epiglottis,  also  the  ary-epiglottic  folds,  whilst  it  is  un¬ 
usual  for  the  vocal  cords  to  be  involved.  The  disease  starts  in  the 
form  of  small  nodules  or  patches  of  thickening  of  a  pale  reddish 
colour,  which  spread  slowly  and  undergo  ulceration.  Healing  occurs 
in  some  places  whilst  ulceration  extends  in  others,  and  a  good  deal 
of  cicatricial  contraction  may  result.  Lupus  is  an  indolent  lesion, 
usually  unattended  by  pain  or  secondary  inflammatory  change,  whilst 
deep  ulceration  and  involvement  of  the  cartilages  are  not  met  with. 
In  these  respects,  as  well  as  in  the  conditions  of  incidence,  it  differs 
from  the  ordinary  form  of  tuberculosis. 

SypMlis.  In  the  secondary  stage  of  the  disease,  catarrh  of  the 


Fig.  248.— T'uberculoiis  disease  of 
larynx,  showing  iilceration  of 
vocal  cords  and  also  small  ulcers 
above  and  below  them.  ■  X  f. 
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Imjiix  is  of  common  occurrence ;  mucous  patches  and  superficial 
erosions  also  may  be  present.  The  most  importauL  effects,  however, 
are  met  with  in  the  tertiary  stage,  in  which  affection  of  the  larynx 
is  not  uncommon.  The  lesions  usually  start  hi  the  submucosa  of 
the  iainaix,  or  in  the  perichondrium  of  the  cartilages.  The  first 
change  is  a  .diffuse  infiltration,  which  leads  to  irregular  thickening 
and  stiffening  of  the  superficial  parts,  and  often  to  immobility 
of  the  cartilages.  This  may  be  followed  by  gummatous  change 
in  the  infiltrate  and  then  by  destructive  ulceration.  The  epiglottis 
and  other  structures  may  thus  be  largely  eaten  away.  The 


Fig.  249. — Chrome  syphilitic  disease  of  larynx,  showing  extensive  destructive 
change  with  irregular  fibrosis  and  contraction,  x  |. 

ulceration  may  extend  to  the  affected  cartilages  and  the  latter 
may  become  necrosed  and  separated.  Almost  a  distinguishing 
feature  of  syphilitic  disease,  however,  is  a  tendency  to  secondary 
overgrowth  of  connective  tissue  in  the  process  of  healing,  and  conse¬ 
quent  contraction.  The  latter  may  lead  to  varying  degrees  of  stenosis 
of  the  larynx,  and  marked  deformity  may  result  from  contraction 
of  bands  of  connective  tissue  (Fig.  249).  The  upper  part  of  the 
trachea  may  be  involved  along  with  the  larynx  and  may  become 
narrowed,  but  apart  from  this,  the  commonest  site  of  lesion  in  the 
trachea  is  at  the  bifurcation ;  here  also  ulceration  with  secondary 
cicatrisation  may  he  met  with,  and  not  seldom  the  orifice  of  a 
bronchus  is  considerably  stenosed.  These  lesions  are  all  much  rarer 
nowadays. 
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'^Tumours.  Of  tlie  simple  growths  those  most  frequently  ob¬ 
served  are  the  papilloma  and  the  fibroma,  the  former  being  the 
commoner  5  angioma,  myxoma,  and  lipoma  are  described,  but  they 
are  very  rare.  Small  mucous  polypi  and  ecchondroses  are  occa¬ 
sionally  met  with,  and  small  masses  of  amyloid  substance  occur  and 
may  simulate  neoplasm.  Papilloma  occurs  usually  on  the  vocal  cords 
and  especially  at  the  commissure  ;  it  is  generally  a  single  grovdh, 
but  in  children  are  sometimes  multiple.  Cases  have  been  recorded 
where  there  were  numerous  polypoid  grovdhs,  which  came  ^to  plug 
the  larpix.  When  a  papilloma  is  removed  there  is  sometimes  re¬ 
currence  of  growtli,  and  malignant  disease  may  be  siiperadded.  The 
fibroma  is  usually  a  small  liemis'pherical  growth,  rounded  and  occasion¬ 


ally  pedunculated.  Like  the  papilloma,  it  is  common  on  the  vocal 
cords,  and  both  forms  of  growth  are  apt  to  occur  in  those  who  use 

the  voice  much,  e.g.  singers.  .  r  1 

Carcinoma  is  the  commonest  malignant  growth  of  the  laryi^. 
In  the  great  majority  of  cases  it  is  a  squamous  epithehoma  with 
little  or  no  formation  of  cell-nests.  When  the  ^owth^is  on  the  true 
or  false  vocal  cords  or  in  the  subglottic  region  intrinsic  carcinoma 
it  is  usually  less  invasive,  and  the  prognosis  after  removal  is  .better, 
than  when  it  arises  in  some  other  part  of  the  larynx— eafrinsm  car¬ 
cinoma  The  intrinsic  form  appears  first  on  a  vocal  cord  as  a  small 
indurated  patch,  or  there  may  be  papiUomatous  upgrowth  as  well ; 
in  the  latter  case  diagnosis  wfil  be  unsatisfactory  if  only  a  superficial 
part  is  removed  for  microscopical  examination.  A  carcinoma  of  the 
larynx  infiltrates  and  destroys  the  surrounding  parts  ^and  undergoes 
ulceration,  which  is  accompanied  hy  sex^tic  infection.  Not  infrequently 
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the  septic  discliarge  passes  domi  the  bronchi  into  the  lungs  and 
causes  siippiiratiTe  or  gangrenous  change. 

Sarcoma  is  much  less  common ;  it  is  more  luxuriant  in  growth 
and  presents  the  usual  naked-eye  characters.  Various  histological 
types  are  met  with,  the  commonest  being  the  spindle-cell  sarcoma  ; 
l3niipliosarcoma  also  has  been  described. 


THE  BEONCHI 

Bronchitis.  This  may  be  conveniently  considered  under  the 
two  headings  of  acute  and  chronic  bronchitis.  As  regards  both  the 
conditions  of  occurrence  and  the  effects  which  follow,  it  is  important 
to  make  a  distinction  between  acute  bronchitis  affecting  the  larger 
and  medium-sized  tubes,  on  the  one  hand,  and  that  affecting  the 
terminal  bronchi  or  bronchioles,  on  the  other — capillary  bronchitis 
— though  the  pathological  changes  in  the  two  correspond.  The 
former  is  the  ordinary  bronchitis  of  the  adult,  and  is  usually  a  con¬ 
dition  without  serious  results, 
unless  in  aged  or  debilitated 
subjects.  Capillary  bronchi¬ 
tis,  however,  is  a  much  more 
serious  affection  owing  to 
its  tendency  to  spread  and 
lead  to  pneumonia.  It  is 
comparatively  rare  in  the 
healthy  adult,  if  we  except 
cases  of  influenza,  as  the 
organisms  do  not  readily  ex¬ 
tend  so  low  in  the  bronchial 
tree;  but  it  is  common  in 
children  and  is  met  with  also 
in  old  people.  It  will  be 
described  below  in  connec¬ 
tion  with  broncho-pneumonia. 

Acute  bronchitis  affecting 
the  larger  tubes  is  usually 
described  as  of  three  varie¬ 
ties,  viz.  (a)  catarrhal,  (b) 
fibrinous  or  membranous, 
and  (c)  putrid  bronchitis.  Acute  catarrhal  bronchitis  corresponds 
with  catarrhal  laryngitis  so  far  as  the  organisms  causing  it  and  the 
exciting  conditions  are  concerned,  though  it  may  occur  with  little 
or  no  affection  of  the  larynx.  The  changes  are  essentially  those  of 
acute  catarrh  (p.  66).  The  secretion  varies  in  character  in  different 
cases  and  at  different  stages — ^it  may  be  scanty  and  tough,  abundant 
and  more  serous,  sometimes  blood-stained,  and  in.the  later  stages 
it  usually  becomes  purulent.  Complete  return  to  normal  may  occur 


Fig.  251. — Cast  of  bronchi  from  a  case 
of  membranous  bronchitis. 
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or  sliglit  catarrh  may  persist  for  some  time.  Chroaic  catarrh  may 
result,  especially  when  there  have  been  several  acute  attacks.  Fihri- 
nous  hroncMtis  is  occasionally  met  with  in  diphtheria  as  a  result  of 
downward  extension  from  the  trachea.  It  may  be  produced  by 
streptococci  in  severe  fevers  ;  and  in  influenza  there  may  be  fibrinous 
exudate  hi  the  bronchi,  but  usually  it  is  scanty.  Sometimes  acute 
bronchitis  is  an  early  s}Tnptom  m  typhoid  fever.  There  is  also  a 
chronic  membranous  broncMtis,  in  wiiich  abundant  exudate  forms  on 
the  surface  of  the  bronchial  mucosa  and  large  casts  of  the  bronchi 
may  be  expectorated  (Eig.  251) .  The  condition  is  a  comparatively  rare 
one  and  its  etiology  is  unknown. 

Putrid  bronchitis  occurs  as  a  result  of  decomposition  of  the  secre¬ 
tions  by  putrefactive  bacteria.  It  is  met  with  in  conditions  where 
there  is  stagnation  of  the  bronchial  secretion,  e.g.  in  dilated  bronchi, 
and  in  bronchiectatic  cavities,  and  it  occurs  also  secondarily  to 
gangrene  of  the  lung  (p.  421).  It  may  be  set  up  by  the  inhala¬ 
tion  of  fluids  during  narcosis  or  coma,  and  is  common  as  a  result 
of  the  ulceration  of  malignant  growths  into  the  trachea  or  bronchi. 
The  condition  is  usually  attended  during  life  by  abundant  and  highly 


f(Btid  sputum,  and  post 
mortem  the  bronchial  lining 
shows  varying  degrees  of 
greenish-brown  discolora¬ 
tion. 

Chronic  bronchitis  may 
follow  acute,  but  it  may 
develop  vdthout  a  clinically 
recognisable  acute  stage.  It 
may  result  from  inhalation 
of  dust  (p.  422),  and  it  is 
common  in  cardiac  disease, 
its  occurrence  being 
favoured  by  chronic  venous 
congestion.  When  once 
chronic  catarrh  is  estab- 
J  lished,  structural  changes 
occur  in  the  mucous  mem¬ 
brane,  and  these  prevent  a 
complete  return  to  normal. 
In  the  mucosa  there  is 
often  proliferation  of  con- 


4/  '  '  •  ' 

Fig.  252. — Section  of  large  bronclius 
chronic  broncMtis,  showing  (a),  irregularity 
of  surface  and  partial  loss,  of  epithelium  ; 
(5)  formation  of  young  connective  tissue 
and  dilated  blood  vessels  in  the  mucosa 
below.  xhO. 


nective  tissue  cells  with  ^  _ 

formation  of  new  blood  vessels,  so  that  the  tissue  is  considerably 
increased  (Mg.  252).  The  epithelium  may  be  represented  merely 
by  a  few  pyramidal  cells  on  the  surface  of  the  basement  membrane, 
which  may  be  thickened  and  hyaline,  or  there  may  be  several  layers 
of  somewhat  rounded  cells.  Later,  these  changes  are  followed  by 
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overgrowth  of  mucous  glands  and  of  vascular  fibrous  tissue  and  later 
all  the  special  structures  atrophy  ;  '  h3^3ertrophic  ’  and  '  atrophic  ’ 
stages  are,  accordhigh^,  described.  On  naked-eye  examination,  the 
bronchial  mucosa  is  usually  thickened  and  shows  irregular  congestion. 
Its  surface  is  somethat  uneven  or  granular,  and  there  is  often  evidence 
of  slight  dilatation  of  the  tubes  at  places,  notably  in  the  intervals 
between  the  cartilaginous  rings.  This  emphasises  the  transverse 
markings,  and  the  longitudinal  folds  are  more  distinct  than  normal!}?-. 
The  atrophic  stage,  wdiich  is  less  common,  is  characterised  by  general 
thinning  of  the  mucous  membrane.  Chronic  bronchitis  is  usually 
associated  with  vesicular  emphysema  of  the  lung,  owing  to  the  cough¬ 
ing  which  it  causes  (p.  398). 

In  asthma,  or  bronchial  asthma,  there  occurs  during  the  attacks 
a  spasm  of  the  small  bronchi,  and  this  is  often  accompanied  by  a 
very  tough,  mucoid  secretion  which  may  afterwards  be  expectorated. 
The  walls  of  the  smaller  tubes  in  asthma  have  been  found  to  be 
thickened,  mainly  owing  to  increase  of  muscle,  though  this  is  often 
accompanied  by  enlargement  of  mucous  glands  and  inflammatory 
change.  The  spasmodic  contraction  thus  occurs  in  tubes  already 
narrowed.  The  asthmatic  attack  is  to  be  regarded  as  an  example 
of  anaphylaxis  or  supersensitiveness  (p.  195)  due  to  the  introduction 
by  alimentation  or  inhalation  of  the  particular  foreign  protein  towards 
which  the  tissues  have  been  sensitised.  The  increase  of  eosinophils 
in  the  blood  and  bronchial  walls  corresponds  with  that  seen  in  other 
such  states,  hay  fever,  etc.  In  the  sputum,  eosinophil  leucocytes 
are  usually  abundant,  and  Charcot’s  crystals  (p.'510)  are  sometimes 
present.  The  sputum  may  contain  Curschmaim’s  spirals,  which  are 
composed  of  homogeneous  spiral  threads  consisting  of  mucin. 

Bronchiectasis.  By  bronchiectasis  is  meant  a  dilatation  of  the 
bronchi,  and  this  is  sometimes  so  marked  that  large  spaces  or  cavities 
are  formed — bronchiectatic  cavities.  Bronchiectasis  may  affect 
bronchi  in  a  considerable  proportion  of  their  length,  and  then  the 
dilatation  is  of  the  cylindrical  or  digitate  type.  On  the  other  hand, 
the  dilatation  may  be  more  localised  and  of  greater  degree,  so  that 
a  sacculated  form  results.  Less  frequently  the  dilatation  is  fusiform. 
The  cylindrical  type  is  commonest  in  the  lower  lobe,  and  an  almost 
general  dilatation  of  the  tubes  may  sometimes  be  present. 

Steijctubal  Chang-es.  In  chronic  bronchitis  the  transverse  mark¬ 
ing  of  the  bronchial  lining  is  often  increased,  and  depressions  may 
be  present  between  the  ridges  ;  and  from  this  condition  up  to  general 
dilatation  aU  degrees  are  met  with.  In  fully  estabhshed  cylindrical 
bronchiectasis,  transverse  ridging  may  be  a  prominent  feature.  The 
sacculated  type  is,  however,  usually  associated  with  and  due  to  a 
fibrosis  of  the  surrounding  lung  tissue  (Fig.  253).  The  lining  of  the 
bronchiectatic  spaces  usually  resembles  an  irregularly  swollen  and 
vascular  bronchial  mucosa  and  is  often  much  congested.  For  a  time 
the  cavities  are  almost  dry,  but  later  secretion  accumulates  and 
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becomes'  purulent,  especially  in  tbe  sacculated  form,  and  at  places 
actual  ulceration  may  be  present.  Sometimes,  however,  the  lining 
is  comparatively  thui  and  smooth — ^the  so-called  atrophic-  forni. 
Saccular  bronchiectasis  is  met  vith  in  the  upper  lobes  as  an  accompani¬ 
ment  of  chronic  tubercle,  particularly  of  the  more  fibroid  varieties  in 
which  the  fundamentally  tuberculous  nature  of  the  infection  may  be 
difficult  to  prove  ;  in  snch  cases  it  is  usnahy  bilateraL  Apart  from 
tuberculous  infection  saccnlar  bronchiectasis  is  commoner  in  the  lov  er 


lobes  of  the  lung  and  is  often  urdlateral. 

On  microscopic  examination,  an  epithelial  lining  may  be  present 
to  a  varying  extent,  the  cells  being  columnar,  rounded  or  flat¬ 


tened,  and  occurring  in  a  single 
layer  or  in  several  layers  ;  some¬ 
times  there  is  metaplasia  to  the 
stratified  squamous  t\q)e.  In 
specimens  removed  surgically  at 
an  early  stage,  the  walls  of  the 
affectecl  bronchi  often  show  sur- 
prishigly  little  destruction  of  the 
elements  -of  the  wall,  the  chief 
change  being  dilatatioii  of  the 
lumen  vdth  collapse  and  fibrosis 
of  the  limg  tissue.  In  the  later 
stages  the  epithelium  has  gone, 
and  there  is  a  vascular  and  cellular 
granulation  tissue  sharply  defined 
on  the  surface  by  what  appears 
to  be  a  thinned  basement  mem¬ 
brane  ;  the  blood  vessels  are  often 
not  only  numerous  but  greatly 
dilated.  Actual  ulceration  also 
may  be  present.  The  various 
structures  of  the  bronchial  wall 
— ^muscle,  elastic  tissue,  glands — 


type  in  upper -lobe  of  lung. 


The  cawties  liave  comparatively  smooth, 
wails  .and  there  is  much  fibrosis  betW:^een.  ,  x  §. 


become  atrophied  and  may  dis¬ 
appear  ;  this  is  the  nsual  state  found  in  post-mortem  specimens 
Effects.  Ultimately  an  abundant  purulent  secretion  is  formed  by 
the  ETn'ng  of  the  spaces,  and  this  tends  to  accumulate  in  the  dilatations 
and  undergo  decomposition  because  in  the  absence  of  air-contaming 
Innc^  alveoli  bevond  the  affected  bronchi  an  effective  expulsive  cough 
camot  be  made.  Accordingly,  patients  suffering  from  bronchiectasis 
often  have  a  very  abundant  and  foul-smeHing  sputum.  Organisms 
may  extend  from  the  hroncMeotatic  cavities,  either  by  the  air  pa^ges 
or  by  direct  ulceration,  to  the  alveolar  tissue,  and  pneumoma  -with 
abscess  formation  may  be  set  up.  Sometimes  actual  gangrene  may 
occur  In  such  conditions  the  waU  of  a  vein  may  become  mvolved, 
septic  thrombosis  may  foUow,  and  this  may  in  turn  give  rise  to 
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einboiisin  kind  pyseiiiia..  We  have  seen  many  cases  of  this  nature  with 
iiiiiltiple  secondary  abscesses  in  the  brain.  Again,  the  abundant 
putrid  secretion  from  the  bronchi  may  lead  to  infection  of  the  nasal 
sinuses  and  complications  may  thus  result. 

Causations'.  In  the  production  of  bronchiectasis  three  main  factors 
are  concerned :  (a)  loss  of  aerated  lung  substance  so  that  the  force 
of  the  inspired  air  is  exerted  on  the  bronchial  -walls  alone,  (6)  weakening 
of  the  supporting  tissue  of  the  bronchial  wall  caused  by  inflammatory 
changes,  and  (c)  contraction  of  fibrous  bands  connecting  the  bronchial 
walls  with  the  fibrosed  and  adherent  pleura.  In  long- established  cases 
these  factors  are  variously  combined  and  usually  all  three  are  present, 
but  it  is  important  to  ascertain  which  is  of  primary  importance  in 
the  pathogenesis  of  the  condition. 

It  is  now  generally  recognised  that  bronchiectasis  is  usually  a 
sequel  to  capillary  bronchitis  and  broncho -pneumonia  in  childhood 
with  partial  collapse  and  imperfect  resolution  ;  it  may  also  follow 
congenital  atelectasis  of  a  portion  of  the  lung.  The  broncho-pneumonia 
may  be  primary  or  it  may  complicate  whooping  cough  or  measles  ; 
in  adults,  influenza  may  have  similar  effects.  There  has  been  much 
uncertainty  about  the  relative  parts  played  by  infection  with  con¬ 
sequent  weakening  of  the  bronchial  w^alls  and  by  collapse  mth  con¬ 
sequent  fibrosis.  Modern  radiological  investigations  clearly  indicate 
that  any  major  degree  of  collapse  with,  negative  intrapleural  pressure 
is  almost  at  on^e  folio-wed  by  dilatation  of  the  bronchi  supplying  the 
collapsed  zone  ;  this  dilatation  may  subsequently  disappear  when  the 
lung  becomes  re-expanded.  Permanent  collapse  is,  however,  followed 
by  fibrosis  and  the  bronchi  remain  dilated.  The  evidence  of  X-ray 
examinations  indicates  that  this  state  is  commoner  than  has  been 
supposed  and  that  it^^may  exist  for  long  periods  -without  the  clinical 
symptomatology  associated  with  bronchiectasis.  The  dilated  bronchi 
are  relatively  dry,  and  if  lobectomy  is  performed  at  this  stage  remark¬ 
ably  little  structural  change  in  the  bronchial  wall  may  be  seen. 
Infection  with  destruction  of  the  specialised  elements  and  consequent 
weakening  of  the  wall  cannot  therefore  be  the  primary  change  in  these 
cases,  and  it  is  probable  that  pulmonary  collapse  is  the  all-important 
initial  causal  lesion.  No  doubt  bronchial  dilatation  is  hastened  by 
the  forced  inspiration  -w^hich  follows  the  act  of  coughing,  and  the 
cough,  being  ineffective  from  the  lack  of  air  in  the  lung  beyond  the 
affected  bronchi,  tends  to  be  repeated  constantly.  A  vicious  circle 
is  thus  set  up,  the  effects  of  which  become  more  severe  when  the 
accumulation  of  infected  secretions  has  produced  inflammatory  damage 
to  the  bronchial  walls  -with  the  loss  of  the  cartilage,  muscle  and  elastic 
tissue.  In  other  cases  collapse  is  by  no  means  complete  and  per¬ 
sistent  infection  of  the  bronchial  walls  with  damage  to  the  deeper 
structures  plays  the  more  important  part.  Ogilvie,  in  a  detailed  study 
of  35  lobectomy  specimens,  found  extensive  collapse  in  21  and  only 
seant\  collapse  in  10,  all  of  which  showed  well-marked  damage  to 
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the  bronchial  -vTalls.  Nevertheless  in  only  two  of  the  21  collapsed 
specimens  was  damage  to  the  bronchial  wall  slight,  and  in  more  than 
half  there  was  severe  destruction  of  the  specialised  elements.  The 
evidence  is  therefore  not  j^et  clear  as  to  the  importance  to  be  attached 
to  collapse  on  the  one  hand  and  to  inflammatory  damage  on  the  other 
in  the  pathogenesis  of  bronchiectasis.  Certainly  in  those  with  per¬ 
sistent  urfection,  repeated  attacks  of  localised  pneumonia  may  occur 
in  subsequent  years,  resulting  in  dense  fibrous  adhesions  between 
hmg  and  parietal  pleura.  The  third  factor,  viz.  contraction  of  fibrous 
bands  connecting  bronchi  with  pleura,  may  then  operate  in  increasing 
still  further  the  bronchial  dilatation,  and  especially  in  producing  the 
sacculated  condition,  but  this  factor  is  regarded  as  of  less  importance 
than  formerly. 

With  regard  to  the  conditions  lead-  '  - 

iug  to  bronchiectasis,  we  have  men¬ 
tioned  the  broncho-pneumonias  of 
childhood  as  the  most  important  ante¬ 
cedent,  but  any  chronic  interstitial 
pneumonia  may  have  this  effect.  In 
chronic  pulmonary  tuberculosis  with 
fibrotic  change,  bronchiectatic  cavities 
are  of  common  occurrence  in  association 
with  ordinary  phthisical  cavities,  and 
they  also  occur  in  silicosis  and  fibrotic 
conditions  generally.  In  congenital 
syphilitic  pneu m o n i a  with  diffuse 
fibrosis,  general  bronchiectasis  may  be 

present.  In  infants  of  a  few  months  ^ . 

suffering  from  fibro-cystic  disease  of  j’jq,  ^254. — ^Portion  of  child’s 
the  pancreas,  the  trachea  and  bronchi  lung,  showing  bronehiol- 

are  lined  by  tough  mucoid  secretion  ectasis  and  emphysema,  x.. 

which  soon  becomes  purulent ;  broncho-  _ 

pneumonia  follows,  and  if  the  infant  survives,  bronchiectasis  is  a 
common  sequel.  In  this  condition  there  is  also  deficient  intestmal 
absorption  of  fat  and  thus  of  vitamin  A,  consequently  squamous 
metaplasia  of  the  bronchial  lining  occurs  in  some  cases. 

A  congenital  formal  bronchiectasis  is  met  with,  but  it  is  very  rare. 
It  is  characterised  by  the  presence  of  cyst-like  spaces  in  the  lung,  which 
mav  contain  mucoid  fluid.  There  is  a  corresponding  non-development 
of  lung  tissue,  and  this  has  been  regarded  as  the  primary  change. 

Sronchiolectasis.  This  condition,  which  is  of  rare  occurrence,  is  characterised 
bv  the  presence  of  numerous  small  rounded  spaces,  rather  smaller  timn  pe^, 
throughout  the  lung  tissue ;  the  appearances  are  weU  illustrat^  m  Fig.  -04. 
It  is  difficult  to  recognise  the  exact  structural  relationships,  but  each  sp^e  is 
apparently  formed  by  dilatation  of  a  terminal  bronchiole  ite  infundibula. 
Small  patches  of  chronic  eoUaps©  are  present,  and  the  dilatation  may  be  o 
the  compensatory  type ;  but  if  this  be  the  case  it  is  rather  difficult  to  understand 
why  the  presence  of  such  spaces  should  be  so  uncommon. 
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Bronchial  Ohstruction.  Various  degrees  of  this  may  occur _ _ 

from  slight  stenosis  to  complete  closure.  Either  the  large  or  the  small 
bronchi  may  be  affected,  and  the  causation  is  somewhat  different  in 
the  two  cases.  Obstruction  of  a  large  bronchus  is  most  frequently 
produced  by  a  tumour  at  the  root  of  the  lung — ^for  example,  a  primary 
carcinoma  infiltratmg  the  wall  and  growing  into  the  lumen  ;  cicatricial 
contraction  from  a  syphihtic  lesion  at  the  bifurcation  of  the  trachea, 
formerly  common,  is  now  exceedingly  rare.  Obstruction  may  be 
produced  also  by  a  groT\dh  pressing  on  a  bronchus  from  outside  ;  and 
a  fairly  common  cause  is  aneurysm  of  the  aorta.  A  foreign  body 
lodged  in  a  bronchus  may  lead  to  partial  or  to  complete  obstruction. 
When  a  bronchus  is  completely  obstructed,  absorption  of  the  air  in 
the  related  part  of  the  lung  occurs  with  comparative  rapidity  and 
pulmonary  collapse  is  the  result ;  but  the  obstruction  is  usually  partial 
at  first,  and  then  accumulation  of  secretion  tends  to  occur,  sometimes 
attended  by  a  certain  amount  of  bronchial  dilatation.  Bacterial 
grovdh,  however,  is  the  most  important  result,  and  this  sets  up  a 
purulent  bronchitis  in  the  part  beyond,  and  then  further  extension 
to  the  lung  substance  may  bring  about  suppurative  broncho -pneumonia. 
This  is  the  frequent  event  when  a  bronchus  is  invaded  by  tumour  or 
pressed  on  by  an  aneurysm.  As  regards  the  smaller  bronchi 
bronchioles,  the  obstruction  is  usually  produced  by  inflammatory 
exudate,  e.g.  purulent  plugs  in  broncho -pneumonia,  or  by  fibrinous 
exudate.  In  bronchial  asthma  the  obstruction  is  due  to  the  contrac¬ 
tion  of  the  walls  of  the  bronchioles,  though  the  presence  of  touo*h 
secretion  also  plays  a  part.  The  common  result  of  complete  obstruc¬ 
tion  of  bronchioles  is  absorption  of  the  contained  air  and  collapse  of 
the  lung,  which  is  attended  vdth  compensatory  emphysema  in  the 
parts  around  (p.  399).  If  the  obstruction  is  such  that  air  can  be  sucked 
in  and  cannot  be  expelled,  as  may  occur  in  inflammatory  conditions 
and  ui  asthma,  then  acute  emphysema,  inspiratory  in  origin,  may  result 
in  the  area  supplied  by  the  obstructed  bronchioles.  Such  a  condition 
may  be  recovered  from  when  the  obstruction  is  removed,  but  when 
it  is  oft  repeated,  as  in  asthma,  structural  changes  result  and  the 
emphysema  becomes  permanent. 

Bronchial  carcinoma  is  considered  later  along  with  tumours  of  the 
Imigs  and  pleurae. 


THE  LUNGS 

OIEOVLATORY  DISTURBANCES 

Many  of  the  chief  facts  with  regard  to  these  have  been  given  in 
a  previous  chapter,  but  certain  details  are  to  be  added. 

.  Chronic  Venous  Congestion.  Chronic  excess  of  blood  in  the 
putoonary  vessels  is  produced  by  any  cardiac  lesion  on  the  left  side 
winch  leads  to  deficient  passing  on  of  the  blood  into  the  aorta  (p.  6), 
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but  it  is  seen  in  most  marked  degree  in  cases  of  mitral  stenosis  ;  and, 
as  has  been  mentioned,  in  this  condition  it  cannot  be  overcome  by  any 
adjusting  mechanism.  In  fact,  the  more  powerfully  the  right  ven¬ 
tricle  contracts,  the  greater  will  be  the  distension  of  the  pulmonary 
capillaries.  In  a  t3rpical  example  of  long-standing  venous  congestion, 
the  lung  tissue  feels  coarser  ane  tougher  than  normally,  and  it  has  a 
brownish-red  tint — hence  the  term  ‘  brovm  induration  ’  is  applied  to  the 
condition.  Blood  scraped  from  the  surface  also  may  show  a  brownish 
tint.  The  microscopic  appearances,  etc.,  have  alreadv  been  described 

(p.  10). 

With  regard  to  acute  congestion  of  the  lungs — often  used  as  a 
descriptive  clinical  term — we  know  nothing  definite  beyond  the  fact 
that  it  occurs  in  the  earlier  stage  of  acute  iiiflaniiiiation,  e.g.  lobar 
pneumonia. 

Hypostatic  Congestion  and  (Edema.  A  certain  degree  of 
hypostatic  congestion  is  always  present  in  the  lungs  •post  mortem^  even 
when  death  has  occurred  suddenly  in  a  healthy  individual,  as  from 
injury  ;  the  blood  accumulates  in  the  dependent  parts  and  a  certahi 
amount  of  serous  fluid  escapes  into  the  alveoli.  But  in  cases  where  ■■ 
dying  has  been  gradual,  and  notably  in  those  vith  coma,  hypostatic 
congestion  and  cedema  become  much  more  marked.  Sometimes 
a  large  proportion  of  the  posterior  parts  may  be  airless  and  water¬ 
logged,  and  when  the  lung  tissue  is  squeezed,  there  escapes  a  large 
quantity  of  more  or  less  frothy  serous  fluid  wdth  .little  admixture  of 
blood.  Such  a  condition  constitutes  cedema  of  the  lungs.  It  is  met 
with  most  severely  in  cases  of  nephritis  with  general  cedema  ;  though 
sometimes  also  in  cardiac  disease,  in  which  it  probably  results  from 
relative  failure  of  the  left  side  of  the  heart  as  in  acute  suffocative 
oedema  following  hypertension.  Experimental  production  of  pul- 
ruonary  cedema  has  already  been  discussed  (p.  39). 

Pulmonary  Embolism.  Occasionally  a  pulmonary  artery  or 
one  of  the  large  branches  becomes  plugged  by  an  embplus,  the  source 
of  which  is  usually  a  thrombus  in  a  peripheral  vein  or  in  the  right 
side  of  the  heart ;  hut  we  have  also  seen  a  fatal  embolism  produced 
by  a  large  mass  of  crumbling  vegetation  from  the  tricuspid  valve. 
Sudden  death  may  result  from  pulmonary  embolism,  and  this  appears 
to  be  brought  about  by  a  sudden  diminution  of  the  blood  supply  to 
the  left  side  of  the  heart,  fatal  syncope  resulting  ;  and  in  our  experi¬ 
ence  there  is  usually  a  history  of  the  occurrence  of  pallor  rather  than 
of  cyanosis.  The  conditions  giving  rise  to  pulmonary  embolism  and 
the  results  are  dealt  with  on  pp.  20,  31.  The  typical  hsemorrlingic 
mfarcts  are  seen  in  chronic  cardiac  disease,  with  the  lungs  in  a  con¬ 
dition  of  chronic  venous  congestion,  and  it  would  appear  that  in  such 
conditions  the  collateral  supply  from  the  bronchial  arteries  is  sufficient 
to  distend  the  vessels  with  blood,  but  not  to  maintain  the  circulation ; 
diffuse  haemorrhage  thus  occurs.  Though  the  eommonest  cause  of  such 
infarcts  is  embolism,  often  arising  from  a  thrombus  in  the  right 
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auricular  appendix,  infarction  may  also  result  from  thrombosis  in 
branches  of  the  pulmonary  arteries,  especially  when  they  are  affected 
with  atheroma.  Occasionally  a  massive  thrombus  may  form  on  an 
atheromatous  patch  in  a  large  vessel  and  we  have  seen  such  a  thrombiis 
over-riding  the  bifincation  of  the  main  pulmonary  artery  producing 
so  extreme  a  degree  of  narrowing  of  the  lumen  that  Ayerza’s  syndrome 
resulted  (G.  L.  Montgomery).  Old  pulmonary  infarcts  may  he  met 
with,  but  they  are  somewhat  rare,  as  the  conditions  which  lead  to 
infarction  are  usually  followed  by  death  withm  a  short  time.  The 
old  infarcts,  which  are  composed  of  necrotic  and  haemorrhagic  tissue, 
assume  a  brownish  colour,  undergo  a  certain  amount  of  shrinkage, 
and  become  surrounded  by  fibrous  tissue. 

If  organisms  are  present  in  the  embolus  which  causes  infarc¬ 
tion,  suppuration  may  follow.  This  commences  at  the  periphery, 
so '  that  the  infarct  becomes  surrounded  by  a  pale  zone  of  soften¬ 
ing,  and  ultimately  an  abscess  may  result.  The  infection  may 
be  by  organisms  of  mild  virulence  and  is  then  indicated  merely  by 
localised  pleurisy  without  any  suppurative  softening  in  the  infarct. 


j  EMPHYSEMA  AND  COLLAPSE 

Emphysema.  By  this  is  meant  the  presence  of  small  bullae  or 
spaces  containing  air.  These  may  represent  greatly  distended  and 
often  confluent  alveoli,  or  they  may  lie  in  the  connective  tissue  of  the 
lungs  ;  accordingly  we  have  the  two  forms  of  emphysema,  namely 
vesiculGT  and  interstitial.  In  the  great  majority  of  cases  vesicular 
emphysema  depends  upon  mechanical  causes,  the  all-important 
factor  being  over-distension  of  the  air  vesicles.  In  one  form,  how¬ 
ever,  known  as  atrophic  emphysema,  the  condition  is  caused  by 
imperfect  nutrition.  Vesicular  emphysema  may  be  acutely  produced 
or  may  be  of  chrordc  nature  ;  again,  it  may  be  general  or  localised. 

Vesiculae  Emphysema 

(1)  Acute.  Acute  general  emphysema  is  sometimes  seen  as  a 
terminal  phenomenon,  when,  owing  to  the  swelling  of  the  bronchial 
^ucosa  or  the  presence  of  secretion  in  the  bronchial  tubes,  air 
cannot  be  expelled  from  the  lungs  though  it  is  sucked  into  the  lung 
by  strong  inspiratory  effort.  The  limgs  thus  become  over-distended 
and  voluminous,  and  there  may  be  also  actual  ruptrure  of  the  air 
vesicles.  Such  a  condition  was  a  prominent  feature  in  death  from 
chlorine  gas  in  the  war  (1914r-18),  the  emphysema  often  being  of  extreme 
degree.  Acute  emphysema  occurs  in  a  similar  way  during  an  attack 
of  asthrna,  the  bronchial  obstruction  in  this  case  being  caused  by 
contraction  of  the  muscular  coat  of  the  bronchioles  aided  by  tough 
secretion;  but  as  attacks  recur,  the  permanent  changes  of  chronic 
emphysema  develop.  In  this  connection,  it  may  be  mentioned  that 
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in  the  condition  of  serum  anaphylaxis  in  the  guinea-pig  there  is  a 
similar  contraction  of  the  small  bronchioles  with  resulting  acute 
general  emphysema ;  and  in  certain  points  asthma  corresponds 
with  an  anaphylactic  phenomenon  (p.  194). 

Acute  emphysema  frequently  occurs  locally  around  area^  of 
collapse,  such  as  are  produced  by  obstruction  of  the  bronchioles  in 
capillary  bronchitis  and  broncho-pneumonia.  A  ring  of  minute 
bullse  can  often  be  seen  around  the  collapsed  part,  and  microscopic 
examination  shows  that  the  affected  air  vesicles  are  overstretched, 
and  have  a  rounded  or  oval  form  ;  the  alveolar  passages  also  are 
widened.  Sometimes  over  a  considerable  area  collapsed  lobules 
alternate  with  over-distended  tissue.  Such  emphysema  is  often  spoken 
of  as  compensatory,  and  is  regarded  as  the  result  of  the  over-distension 
during  inspiration,  brought  about  by  the  adjacent  collapse. .  That, 
no  doubt,  is  the  case,  but  during  the  course  of  plugging  of  the  minute 
bronchioles,  there  will  often  be  a  stage  at  which  air -can  be  sucked  in 
and  not  expelled,  just  as  in  acute  general' emphysema.  When  recovery 
takes  place,  acute  emphysema  in  .great  measure  disappears,  as  the 
collapsed  areas  become  expanded  again. 

(2)  Chrome  Vesicular  Emphysema,  There  are  two  varieties  of 
this  condition.  In  one,  the  emphysema  is  produced  mechanically 
by  overstretching  and  the  lungs  become  voluminous — ordinary 
emphysema  wdth  enlargement.  In  the  other,  the  condition  is  one 
of  atrophy  from  malnutrition — atrophic  emphysema.  In  the  ordinary 
type  there  occurs  an  enlargement  of  air  vesicles  with  atrophy  of  their 
w'aUs  at  places,  and  fusion  of  adjacent  vesicles ;  in  this  way  air- 
contauiing  spaces  of  considerable  size  are  formed.  It  is  of  special 
importance  on  account  of  the  obstruction  to  the  circulation  wMch 
it  brings  about.  The  commonest  causes  are  chrome  bronchitis, 
asthma,  and  any  chronic  lesion  of  the  lungs  attended  by  much  cough¬ 
ing.  The  presence  of  pleural  a^dhesions,  however,  will  prevent  its 
occurrence  at  the  corresponding  site.  Chronic  vesicular  emphysema 
has  been  said  to  occur  in  those  who  play  wind  intruments  and  in 
glass  blowws,  but  these  factors  are  no  longer  accepted  as  etioiogically 
significant. 

Steuctural  Chakoes.  In  a  t3p)ical  case  of  chronic  vesicular 
emphysema  the  lungs  appear  very  voluminous  but  are  not  larger  than 
a  normal  lung  in  full  expansion  ;  the  anterior  surface  of  the,  heart  is 
covered  and  the  diaphragm  pressed  downwards.  The  emphysematous 
tissue  is  distended  and  raised  above  the  surface,  thus  rounding  off 
the  sharp-  margins  of  the  lung ;  it  is  paler  than  the  rest  of  the  lung, 
as  less  carbon  pigment  is  present,  it  contains  little  blood  and  usually 
it  pits  on  pressure,  owin,g  to  lack  of  elasticity.  It  has  a  soft, 
downy,  almost  non- crepitant  feeling  to  the  touch,  and  air  may  be 
passed  along  by  pressure  from  one  part  to  another,  owdng  to  interrup¬ 
tion  of  the  alvWar  walls.  On  section,  it  shows  generally  a  delcate 
structure,  hut  spaces  of  all  sizes  may  be  present  np  to  large  bullae, 
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from  the  walls  of  which  fragments  of  raptured  pulmonary  tissue 
project.  Emphysema  is  most  marked  at  the  aj)ices  and  along  the 
margins,  especially  the  anterior  borders,  but  in  extreme  cases  iDractically 
the  whole  surface  of  the  lungs  may  be  affected,  though  the  condition 
is  always  slight  on  the  posterior  aspect. 

On  microscopic  examina-  .  . 

tion,  the  lung  tissue  is  seen  -  ' 

to  haye  a  delicate  lace-like  4  %  * 

appearance,  the  air  spaces 
are  large  and  of  irregular 
form,  and  communicate 
with  one  another  (Fig.  255), 
their  walls  having  become 
thinned  out  and  interrupted 
at  places,  while  the  broken 
portions  are  seen  projecting 
into  the  spaces  and  are  often 
bulbous  at  their  ends.  The 
elastic  tissue  is  diminished 
ill  amount  and  degenerated, 
many  of  the  fibres  being 
stretched  and  broken,  or 
quite  disintegrated  into 
granular  matter.  Some  of 
the  small  arteries  may  be  obliterated  and  hyalme. 

Causation.  The  essential  factor  in  the  production  of  this  common 
type  of  emphysema  is  the  oft-repeated  strain  of  chronic  coughing. 
The  air  vesicles  round  the  infundibular  passages  become  distended 
and  somewhat  flattened  out,  and  the  passages  are  widened.  There 
are  important  effects  on  both  the  elastic  tissue  and  the  capillaries. 
The  former  gradually  gives  way  and  degenerates,  so  that  the  distension 
becomes  permanent,  while,  owing  to  the  stretching  of  the  capillaries, 
the  blood  supply  of  the  alveolar  walls  is  interfered  with.  Thus  atrophic 
changes  follow,  perfdfations  in  the  walls  occur  and  enlarge,  and 
adjacent  alveoH  become  confluent.  These  changes  take  place  more 
readily  in  old  age,  where  there  is  a  tendency  to  atrophy,  and  in  any 
condition  of  malnutrition. 


Fig.  255. — Chronic  vesicular  emphysema, 
showing  atrophy  and  partial  disappear¬ 
ance  of  alveolar  walls,  x  30. 


These  points  seem  quite  clear,  but  there  has  been  considerable 
dispute  as  to  whether  the  supposed  over-distension  is  inspiratory  or 
expiratory^  in  nature.  During  coughing  there  is  a  powerful  exq^iratory 
effort  against  a  closed  glottis,  and  the  air  within  the  lung  is  at  increased 
pressure.  Any  part  of  the  lung  not  sufficiently  supported  will  be 
abnormally  distended,  and  this  happens  at  the  apices,  as  can  readily  be 
determined  by  placing  the  fingers  over  the  apex  of  an  emphysematous 
lung  during  the  act  of  coughing.  But  to  what  extent  does  this  obtain 
with  the  rest  of  the  lung  ?  It  is  difficult  to  see  how  the  surface  of 
the  lobes  where  emphysema  occurs  can  be  overstretched  during  the 
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act  of  coughing,  seeing  that  the  increased  pressure  is  produced  not 
by  the  addition  of  more  air  to  the  lungs,  but  by  contraction  of  the 
chest  wall  reducing  the  available  air-space.  It  seems  likely  therefore 
that  the  primary  change  is  destruction  of  the  elastic  tissue  due  to  the 
oft-repeated  strain  of  coughing  and  that  the  apparent  distension  is 
the  result  of  insufficient  elastic  recoil.  It  is  not  now  believed  that  there 
is  in  fact  true  over-distension  be3mid  the  maximum  size  of  full  inspira¬ 
tion,  the  large  buUse  being,  of  course,  the  result  of  destruction  of 
alveolar  walls  and  not  of  over-expansion. 

Results.  General  einplwsema  has  important  results  on  the 
configuration  of  the  chest  and  on  the  pulmonary  circulation.  During 
expiration  the  chest  remains  in  the  position  of  partial  inflation  ,  the 
ribs  are  raised  and  the  sternum  pushed  forwards,  so  that  the  section 
of  the  thorax  is  more  ehcular  than  normal^ — ^the  characteristic  barrel- 
shaped  chest.  The  lungs  become  h3y)er-resonant,  and  the  cardiac 
dullness  disappears  ;  the  diaphragm,  ivith  the  liver,  is  displaced  down¬ 
wards.  There  is  a  marked  fall  in  the  vital  capacit^^  of  the  iiings^and 
a  rise  in  the  volume  of  residual  air.  There  is  a  characteristic  failure 
of  respiratorv  exchange,  essentiallj'  a  ventilation  defect,  resulting  ,in 
a  fall  in  the  oxygen  saturation  of  the  arterial  blood — anoxic  anoxemia 
--aiid  a  rise  in  the  amoimt  of  carbon  dioxide  in  the  blood  and  in  the 
alveolar  air  this  leads  to  retention  of  fixed  base  and  the  carbon 
dioxide  combining  power  rises — a  conii)ensated  gaseous  acidosis.  The 
failure  of  respiratory  exchange  may  be  due  partly  to  the  too  ready 
eiitr^"  of  air  into  the  easily  distended  hullse,  the  walls  of  which  are 
relatively  avascular  so  that  much  of  the  inspired  air  is  not  availahle 
for  gaseous  exchange  and  is  thus  virtually  lost.  In  spite  of  the  des¬ 
truction  of  many  alveolar  waEs  and  capillaries  the  flow  of  blood 
through  the  lungs  is  not  diminished  owing  to  the  compensator^' 
hj-pertrophy  of  the  right  ventricle,  which,  no  doubt,  develops  pmi 
passu  with  the  alveolar  destruction.  The  s^-stolic  pressure  within  the 
pulmonary  arteries  is  raised  from  the  normal  level  of  18-25  mm. 
Hg.  to  about  60  mm.  Hg.  and  there  is  often  considerable  atheroma 
in  them  in  consequence.  Cardiac  catheterisation  has  revealed  that 
the  cardiac  output  is  high  and  is  accompanied  by  a  marked  rise  in 
venous  pressure.  A  degree  of  potycjfthsemia  is  sometimes  found  but 
is  rarel}"  severe. 

A  form  of  localised  chronic  emphysema  is  of  common  occurrence. 
It  is  found  around  any  area  of  contraction  or  fibrosis  of  the  lung, 
around  puckered  cicatrices  or  the  like.  Its  characters  correspond  with 
those  already  described,  and  the  bullse  may  reach  a  considerable  size. 
It  is  clearly  produced  during  inspiration  by  over-stretching  of  the 
lung  tissue  around  the  contracted  purts  which  are  unable  fio 
expand,  and  in  anthracosis  it  becomes  an  important  cause  of  disability 

(Fig.  266).  p  ^  , 

Atrophic  Emphysema,  This  is  common  m  old  age,  hence  some¬ 
times  called  senile  emphysema,  but  it  is  caused  also  by  conditions  of 
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malnutrition,  e.g.  the  cachexia  of  malignant  disease,  and  it  is  often  a 
distinct  feature  in  pernicious  anaemia.  The  changes  are  of  the  same 
nature  as  in  the  previous  form,  viz.  atrophy  of  the  alveolar  walls, 
and  confluence  of  air  vesicles ;  they  are,  however,  not  the  result  of 
over  stretching,  but  of  imperfect  nourishment.  The  change  is  thus  a 
primarily  atrophic  one.  The  Imigs  do  not  become  increased  in  size ; 
on  the  contrary,  they  are  usually  smaller  and  tend  to  collapse  when 
the  chest  is  opened  ^ost  mortem.  The  emphysema  is  widespread  as 
a  rule,  but  is  of  finer  character  than  the  ordinary  form  ;  the  affected 
tissue  is  soft  and  silky  to  the  touch  and  there  are  no  large  projecting, 
bullse.  This  form  usually  does  not  lead  to  hypertrophy  of  the  right 
heart,  either  because  the  diminished  vascular  area  is  sufficient  for  the 
needs  of  the  body  in  the  conditions  in  which  the  atrophic  emphysema 
develops,  or  because  these  conditions  interfere  with  the  occurrence  of 
cardiac  h}T.3er trophy. 

Inteestitial  Emphysema.  In  this  form  the  air  is  in  the  lym¬ 
phatics  of  the  supporting  tissue  of  the  lungs,  and  spreads  along  them. 
For  its  occurrence  some  laceration  of  the  lung  substance  is  necessary, 
and  this  may  take  place  in  two  kinds  of  conditions,  namely,  (a)  over- 
distension  of  the  air  vesicles,  such  as  is  present  in  severe  coughing 
and  in  dyspnoea  -with  forced  inspiration,  and  (6)  traumatic  laceration 
of  the  lung  tissue,  produced  by  a  portion  of  fractured  rib  or  by  a 
perforating  wound.  Interstitial  emphysema,  due  to  rupture  of  the 
alveolar  walls  from  over-distension,  is  much  commoner  in  children 
than  in  adults,  and  is  met  with  in  such  conditions  as  whooping-cough, 
capillary  bronchitis,  and  especially  diphtheria  of  the  larynx  and 
trachea.  There  seems  to  be  little  doubt  that  the  alveolar  walls  give 
way  as  the  result  of  over-expansion  during  forced  inspiration.  The  air 
is  seen  in  the  form  of  small  bead-like  collections  or  bullse,  usually  not 
larger  than  small  peas,  which  tend  to  form  especially  along  the  lines 
of  junction  of  the  inter-lobular  septa  with  the  pleura,  thus  producing 
a  sort  of  reticulated  arrangement  on  the  pleural  surfaces  (Fig.  256). 
When  the  air  is  abundant,  it  passes  by  the  lymphatics  to  the  root  of 
the  lungs,  and  in  exceptional  cases  it  may  extend  even  to  the  tissues 
at  the  root  of  the  neck  and  lead  to  subcutaneous  emphysema.  Occa¬ 
sionally  in  interstitial  emphysema  a  bulla  may  rupture  and  give  rise 
to  pneumothorax  (p.  443).  In  traumatic  emphysema  the  air  follows 
a  similar  course,  and  here  again  there  may  be  extension  to  the  chest 
wall.  We  may  add  that  we  have  seen  interstitial  emphysema  as 
the  result  of  severe  injury  to  the  body  where  there  has  been  no  fracture 
of  ribs  or  wound  of  the  lungs. 

Collapse.  A  distinction  is  usually  drawn  between  two  varieties 
of  collapse,  namely  a  congenital  and  an  acquired.  The  congenital  form 
is  really  due  to  non-expansion  of  the  lung  tissue,  and  then  the  term 
atelectasis  is  properly  applied,  though  it  is  sometimes  used  loosely  to 
indicate  all  forms  of  collapse.  Non-expansion  of  the  lung  tissue 
occurs  to  a  varying  extent,  especially  in  poorly  nourished  infants, 
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and  is  due  to  muscular  weakness,  owing  to  whicli  parts  of  the  lung  tissue 
fail  to  be  expanded  by  inspiration.  A  similar  cause  may  lead  to 
collapse  of  parts  which  formerly  contained  air.  Such  areas  of  collapse 
are  usually  superficial  in  position  and  are  present  especially  in  the 
lower  lobes.  Like  all  areas  of  collapse  they  are  somewhat  depressed 
below  the  surface,  and  have  usually  a  dark  purplish  colour  o’^ing  to 
the  non-oxygenation  of  the  blood  in  the  capillaries.  Apart  from 
these  conditions,  the  two  commonest  causes  of  collapse  are  (a) ^direct 
pressure  on  the  lung  substance  from  without,  and  (b)  bronchial  ob¬ 
struction,  with  resulting  absorption  of  air  in  the  corresponding  area 
of  lung  tissue.  With  regard  to  the  former,  a  lung  may  undergo 
collapse  from  accumulation  of  fluid  in  a  pleural  cavity,  for 


Fig.  256.— Interstitial  emphysema  of  apex  of  lung,  showing  mmaerous  small 
buU®  along  the  lines  of  interlobular  lymphatics.  (J.  It.  b.  B.) 


example,  as  the  result  of  serous  effusion,  hemorrhage  or  empyema. 
In  the  last-mentioned  condition,  the  collapse  is  sometimes  very  great, 
and  the  lung  becomes  of  small  size  and  lies  posteriorly  against  the 
side  of  the  vertebral  column.  When  the  exudate  on  the  pleural 
surface  becomes  organised,  and  a  ‘  pyogenic  membrane  has  formed, 
the  lung  becomes  incapable  of  expansion  to  its  former  size,  and  may 
ultimately  be  enclosed  by  a  fibrous  layer  ;  hence  arises  the  importance 
of  pleural  drainage  in  order  to  obtain  re-expansion  of  the  lung  before 
this  happens.  Collapse  of  a  part  of  the  lung  may  be  iDrodueed  also 
by  direct  pressure  of  an  aneurysm  or  growdh  of  any  kind.  The  relation 
of  bronchial  obstruction  to  cohapse  has  already  been  considered. 

In  a  collapsed  area,  the  walls  of  the  air  vesicles  are  approximated, 
and  their  capillaries  are  usually  dilated.  Owing  to  lack  of  movement 
of  air  the  hemoglobin  of  the  blood  in  the  capillaries  of  the  collapsed 
area  is  largely  in  a  reduced  state— hence  the  purple  colour  on  naked- 
eye  examination.  When  the  collapse  has  lasted  for  some  time,  the 
alveolar  epithelium  tends  to  become  desquamated  and  an  overgrowth 
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of  the  coimective  tissue  follows.  This  is  apt  to  progress,  and  the 
collapsed  parts  hecome  the  seat  of  a  fibrous  induration  which  per- 
manentl}^  prevents  expansion  and  return  to  normal.  Such  areas  of 
collapse  and  fibrosis  are  very  often  accompanied  by  bronchiectasis. 

Acute  Massive  Collapse.  This  condition  is  met  with  most  fre¬ 
quently  after  operations,  especially  those  on  the  abdomen.  It  may 
occur  in  strong  and  well-nourished  patients  and  has  no  relation  to 
shock.  The  onset  is  comparatively  sudden,  usually  withm  one  or 
two  days  after  operation,  and  is  characterised  b}^  pain  in  the  chest, 
dyspnoea,  cyanosis  and  a  certain  degree  of  pyrexia.  The  collapse 
may  afiect  a  large  portion  of  a  lung,  usually  the  right,  and  is  com¬ 
monest  ill  the  lower  lobe.  The  chest  wall  is  indrawn  and  more  or  less 
motionless,  and  the  heart  is  displaced  to  the  affected  side,  as  is  well 
seen  in  a  skiagram.  The  condition  usually  passes  off  within  a  day 
or  two,  sometimes  quite  rapidly.  The  mechanism  of  collapse  cannot 
be  regarded  as  completely  understood,  but  the  view  generally  held 
is  that  it  is  the  result  of  obstruction  of  large  bronchi  by  tough  mucus, 
this  being  probably  aided  by  weak  respiratory  power.  Natural  relief 
of  the  condition  is  sometimes  preceded  by  the  expectoration  of  much 
tenacious  mucus.  That  massive  collapse  can  be  produced  by  bronchial 
obstruction  has  been  shown  experimentally,  and  rapid  re-expansion  of 
the  lung  occurs  when  the  obstruction  is  removed.  It  cannot  be  said 
definitely,  however,  that  aU  clinical  cases  can  be  explained  on  this  basis, 
and  one  cannot  but  feel  doubtful  whether  the  mode  of  production  of 
massive  coUapse  is  fuUy  understood.  On  the  supposition  that  shallow 
respiration  during  anaesthesia  is  a  factor,  carbon  dioxide  has  been 
administered  to  stimulate  the  respiratory  centre  ;  collapse,  however, 
cannot  be  entirely  prevented  in  this  way. 


INFLAMMATORY  CONDITIONS 

In  conformity  with  general  pathological  terminology  it  might  be 
expected  that  inflammation  of  the  lungs  would  be  called  '  pneumonitis 
or  '  pulmonitis,’  but  it  is  customary  instead  to  use  the  term'  pneumonia,’ 
a  direct  transcription  from  that  used  by  the  ancient  Greek  physicians. 
In  its  usual  comiotation  it  implies  the  presence  of  solidification  of 
the  lung  substance.  Recently  the  term  '  pneumonitis  ’  has  been  intro¬ 
duced  to  designate  certain  inflammatory  states  of  the  lungs  in  which 
consohdation  is  not  a  feature  clinically,  but  the  term  has  not  yet 
gained  general  acceptance. 

Acute  Pneumonia 

The  acute  inflammatory  conditions  of  the  lungs  are  most  con- 
vemently  classified  according  to  the  mode  in  which  the  infection 
spreads. 

(A)  In  one  variety  the  inflammation  starts  at  one  place  and 
then  spreads  by  direct  continuity,  involving  the  various  structures 
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in  its  course  and  leading  to  extensive  consolidation  of  tlie  lung  sub¬ 
stance — lohar  pneumonia, 

(B)  In  another  type  the  infection  is  disseminated  by  means  of 
the  air  passages,  inflammation  of  the  minute  bronchi  preceding  that 
of  the  pulmonary  tissue.  The  resulting  lesion  is  aptly  termed  a 
bToncJio-pneumonia,  which  varies  in  character  according  to  the  or¬ 
ganisms  concerned.  It  is  called  also  lohular  on  account  of  its  distri¬ 
bution,  in  contrast  with  lobar. 

(C)  Organisms  may  be  carried  by  the  blood  stream  and  arrested 
in  the  pulmonary  vessels,  and  thus  give  rise  to  inflammatory  foci, 
which  are  often  of  a  suppurative  character.  The  term  embolic 
pneumonia-  may  be  here  applied.  It  is  met  with  as  a  complication 
in  other  infections. 

(D)  Lastly,  the  accumulation  of  secretions  in  the  posterior  parts 
of  the  lungs  rnay  supply  a ’Medium  for  the  growth  of  organisms,  which 
set  up  inflammatory  changes.  To  this  variety,  in  which  the  distribu¬ 
tion  is  influenced  by  gravity,  the  term  hypostatic  pneumonia  is  given. 

(A)  and  (B)  are  the  ordinary  types  of  pneumonia  occurring 
clkdcally  as  primary  diseases. 

^  Acute  Lobar  or  Croupous  Pneumonia.  This  affection  has 
all  the  characters  of  an  infective  fever,  and  usually  runs  a^  course  of 
about  six  or  seven  days,  the  fever  then  terminating  by  crisis,  though 
sometimes  the  fall  of  temperature  is  more  gradual.  In  the  vast 
majority  of  cases,  lobar  pneumonia  is  caused  by  pneumococci,  of 
which  four  t^^pes  have  been  distinguished  by  their  serological  and  other 
characters.  The  recognition  of  these  t}"pes,  or  '  typing,'  is  of  import¬ 
ance  in  epidemiology  and  was  formerly  of  great  diagnostic  significance 
ill  the  serum  treatment  of  the  disease.  Since  the  advent  of  the  siil- 
phonamide  drags  and  penicillin,  etc.,  typing  is  no  longer  so  important 
clinically.  T}"pes  I  and  II  are  responsible' for  the  great  majority  of  cases 
of  t}^ick  acute  pneumonia,  the  relative  proportion  varying  in  different 
places  and  also  in  the  same  place  at  different  permds  of  the  year. 
Type  ITT  is  the  Pneumococcus  mucosus  i  it  is  relatively  uncommon,  but 
causes  the  most  severe  form  of  pneumonia.  It  produces  an  exudate  of 
a  rather  mucoid  or  glairy  character  ;  and  a  somewhat  similar  feature 
is  noticeable  in  the  comparatively  small  proportion  of  cases  caused 
Jby  the  bacillus  of  Eriedlander.  Type  lY. includes  a  large  number  of 
strains  which  are  serologically  distinct  i  it  is  often  called  group  TV 
for  this  reason.  Pneumococci  of  this  group  are  often  present  in  the 
normal  nasopharynx  and  the  pneumonia  caused  by  them  is  of  a 
relatively  mild  character.  Some  further  facts  about  types  in  relation 
to  broncho-pneumonia  are  given  below. 

Lobar  pneumonia  starts  usually  at  the  base  or  about  the  root, 
and  then  spreads  directly,  leading  to  a  progressive  consolidation  of 
the  lung  tissue.  Ultimately  almost  the  whole  tissue  of  the  lung  may 
be  involved.  It  resembles  erysipelas  both  in  its  rapid  spread  by  con¬ 
tinuity,  like  a  prairie  firCj  ^nd  iu  its  rapid  resolution  when  immumty 
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is  established.  Less  frequently  it  begins  in  the  apex— ‘  apical  pneu¬ 
monia?  The  disease  is  usually  one-sided,  but  occasionally  it  affects 
both  lungs— double  piieiiinonia ;  and  when  this  is  the  case,  the  con¬ 
solidation  in  one  lung  is  more  extensive  than  in  the  other,  and  is 
usually  at  a  somewhat  later  stage.  Lobar  pneumonia  is  more  common 
on  the  right  than  on  the  left  side.  The  disease  occurs  most  frequently 
in  adult  life  and  is  comparatiYely  uncommon  in  children,  in  whom 
broncho-pneumonia  is  the  common  pneumonic  type. 

Steitctitral  Changes.  The  lesion  is  essentially  a  spreading 
inflammation,  attended  usually  by  abundant  fibrinous  exudation, 
which  leads  to  consolidation  and  an  airless  condition  of  the  lung 
tissue.  The  inflammation  progresses  till  the  time  of  crisis  ;  it  then 
stops  and  thereafter  undergoes  resolution.  This  is  the  ordinary  course 
in  favourable  cases,  and  the  lung  may  return  to  a  practically  normal 
condition.  In  other  cases,  however,  there  follow  various  complications 
which  will  be  afterwards  described.  It  has  been  customary  to  describe 
the  stages  of  the  process  under  the  headings  of  (1)  acute  congestion, 
(2)  red  hepatisation,  (3)  grey  hepatisation,  and  (4)  resolution.  The  . 
first  mentioned  is  simply  a  necessary  stage  in  every  acute  inflammatory 
condition,  and  we  may  begin  by  considering  the  appearance  when 
exudation  has  actually  occurred.  It  may  be  noted,  however,  that 
different  parts  of  the  same  lung  often  show^  different  stages  of  the 
pneumonic  process. 

. . .  In  red  hepatisation  we  find 

that  a  portion  of  the  lung,  say  a 
lobe  or  more,  has  become  con¬ 
solidated  or  hepatised,  that  is, 
liver-like  in  its  consistence.  The 
affected  tissue  feels  solid,  and  on 
section  it  presents  on  the  whole 
a  red  colour,  which  is  mottled 
by  the  presence  of  carbon  pig¬ 
ment  and  the  pale  connective 
tissue  of  the  lung. .  The  cut 
surface  is  comparatively  dry, 
smooth  or  slightly  granular. 
This  appearance  is  due  to  the, 
fact  that  the  alveoli  are  filled 
up  with  a  fibrinous  exudate, 
feebly  translucent  when  fresh, 
through  which  the  intensely 
congested  alveolar  walls  can  be 
seen.  Overl}dng  the  area  of 
lung  affected,  the  earlier  stages 
^  of  acute  pleurisy  are  present, 

hepatisation  in  part  of  upper,  x  h  gested,  often,  showmg  minute 
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lia3iiiorrliage8,  and  covered  witli  a  variable  amount  of  fibrinous  exudate. 
Fibrinous  piiigs  may  be  present  in  the  miniite  bronchi,  and  occasionally 
may  extend  into  those  of  larg€T  size,  whilst  the  pleural  layers  between 
the  affected  lobes  may  be  gi'eatly  swollen  and  glued  together  by 
fibrinous  exudate.  All  these  changes  are  the  results  of  the  direct 
spread  of  the  pneumococci  through  the  pulmonary  tissue. 

In  the  state  of  grey  Iiepaiisation,  consolidation  is  even  more 
complete,  and  the  lung  tissue  feels  denser  and  heavier.  The  cut 
surface  is,  on  the  whole,  pale  ;  there  is  a  greyish  or  pmkish-grey 
background,  against  which  the  carbon  pigment  of  the  lung  stands 
out  prominently,  the  appearance  being  aptly  compared  to  that  of 
grev  granite  (Fig.  257).  The  cut  surface  is  dull,  opac|iie  and  some¬ 
what  granular,  and,  when  scraped  with  a  knife,  often  gives  fluid 
material  of  rather  purulent  aspect.  The  pleurisy  is  more  marked 
than  in  the  stage  of  red  hepatisation,  and  the  fibrinous  exudate  is 
sometimes  very  abundant. 

At  the  time  of  crisis  the  pneumococci  are  in  great  part  rapidly 
killed,  the  process  of  consolidation  ceases  to  spread,  and  then  in, 
favourable  cases  the  process  of  resolution  begins.  During  this  period 
there  occurs  a  gradual  liquefaction  of  the  fibrinous  exudate  in  the 
alveoli.  This  is  shown  by  the  fact  that  the  consolidation  is  less 
marked,  and  when  the  lung  tissue  is  pressed,  a  certain  amount  of 
fluid  exudes  from  the  surface.  The  process  of  softening  or  digestion 
of  the  fibrin  progresses  until  the  fibrin  has  completely  disappeared, 
and  thereafter  the  fluid  within  the  alveoli  gradually  becomes  absorbed 
and  replaced  by  air.  The  process  of  resolution  is  usually  to  be  seen 
at  various  .stages  in  different  parts.  The  liquefied  exudate  undergoes 
absorption  by  the  lymphatics,  though  possibly  in  part  by  the  blood 
vessels  :  a  portion  is  expectorated,  but  as  a  rule  the  amount  dis¬ 
charged  in  this  -way  is  comparatively  small. 

The  absorption  of  the  fibrin  on  the  pleural  surface  is  relatively 
slow,  and  the  normal  event  is  a  process  of  organisation,  which  after¬ 
wards  leads  to  %rous  adhesions  between  the  layers  of  the  pleura. 
This  is  apparently  to  be  ascribed  to  the  fact'  that  exudate,  on,  the 
pleura  is  denser  and  more  abundant  than  in  the  alveoli,  and  is  also 
farther  removed  from  blood  vessels  and  the  influence  of  leucocytes. 

Some  writers  liave  questioned  wiietlier  the  stage  of  grey  hepatisation  really 
occurs  in  eases  in  which  recovery  follows.  In  this  connection  it  might  be 
said  that,  in  a  sense,  there  are  two  kinds  of  grey  hepatisation.  In  the  one  form 
the  iiiflammatory  process  is  going  on  to  a  diffuse  suppurative  condition,  and 
some  of  the  alveoli  may  he  seen  in  process  of  des.truetive  softening.  Where 
the  condition  has  advanced  so  .far,  complete  resolution,  would  be  impossible. 
But  in  all  cases  of  pneumonia  the  proportion  of  leucocytes  increases  as  the  disease 
advances,  whilst  congestion  becomes  .less  marked ;  and.,  accordingly,  in  cases 
where  the  progress  of  the  disease  has  been  quite  satisfactory,  and  where  death 
has  occurred  from  some  other  cause,  e.g.  heart  failure,  we  may  find  the  lung 
showing  a  ,grey  appearance.  We  may  therefore  assume  that  in  cases  where 
there  is  recovery  a  grey  or  paler  stage  is  the  usual  event. 
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The  microscopic  appearances  need  only  be  briefly  described 
as  they  are  essentially  those  of  a  typical  acute  inflammation.  In 
the  early  stage  of  red  hepatisation  we  usually  find  a  delicate 
fibrmons  reticulum  filling  the  alveoli  (Figs.  24,  258),  and  also  fibrin 
extending  as  strands  through  the  pores  of  Cohn  between  adjacent 
alveoli.  'Fibrin  is  present  also  in  the  septa,  and  the  minute  bronchioles 
may  sometimes  contain  fibrinous  plugs.  Within  the  alveoli  a  varying 
number  of  polymorpho-nuclear  leucocytes  and  of  red  corpuscles,  which 
have  escaped  "by  diapedesis,  are  present  in  the  fibrinous  reticulum; 
and  some  of  the  cells  of  the  alveolar  epithelium,  w'hich  have  become 
swollen  and  desquamated,  may  be  seen  lying  free.  The  alveolar  capil¬ 
laries  are  usually  markedly  congested.  In  some  cases  of  lobar  pneu¬ 
monia,  how'ever,"the  fibrin  is  relatively  scanty,  the  exudate  being  chiefly 
serous.  In  the  stage  of  grey  hepatisation,  any  fibrin  present  has  under¬ 
gone  contraction  from  the  walls  and  forms  more  condensed,  and  often 
somewhat  granular,  masses  within  the  alveoli.  There  is  marked 
increase  in  the  number  of  polymorpho-nuclear  leucocytes  and  the 
alveoli  often  appear  packed  with  them.  Some  of  them  show  signs  of 
degeneration  and  many  of  the  red  corpuscles  have  undergone  lysis 
and  disappeared.  The  lung  tissue  has  also  become  less  congested. 
During  the  stage  of  resolution  the  fibrin  becomes  still  more  granular 
or  amorphous  in  appearance,  and  seems  to  be  melting  away  by 
a  process  of  peripheral  digestion.  Along  with  the  disappearance 
of  the  fibrin  there  occurs  a  gradual  diminution  in  the  number 
of  leucocytes,  these  being  carried  off  chiefly  by  the  lympha¬ 
tics,  whilst  there  may  be  a  considerable  amount  of  catarrhal 


Fig.  258. — Section  of  lung  in  stage  of  red 
hepatisation,  showing  general  consolida¬ 
tion  with  abundant  network  of  fibrin  in 
the  alveoH,  which  appears  dark.  (Stained 
by  Weigert’s  fibrin  method.)  X  60. 


proliferation,  of  the 
lining  epithelium.  Ulti¬ 
mately  this  disappears,  the 
fluid  contents  and  the  re¬ 
maining  cells  in  the  alveoli 
are  absorbed,  the  epithelial 
lining  of  the  alveoli  is  re¬ 
stored  and  the  condition 
returns  to  normal.  In 
relation  to  the  affected 
lung,  there  occurs  marked 
swelling  of  the  bronchial 
lymph  nodes,  and,  when 
resolution  is  going  on,  the 
sinuses  and  paths  are  greatly 
distended,  whilst  in  them 
may  be  seen  in  progress 
an  active  phagocytosis  by 
macrophages  of  cells  and 
detritus  which  have  been 


absorbed  from  the  lung.  The  process  of  resolution  appears  to  bo 
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slower  and  sometimes  less  complete  in  cases  treated  by  suipbonamides 
than  in  those  treated  expectantly  ;  perhaps  this  is  due  to  the  diminished 
leucocytosis  which  commonly  results. 

Associated  Phenomena.  Lobar  pneumonia  forms  the  best 
example  of  a  bacterial  infection  running  a  definite  course  like  a  specific 
fever  and  terminating  by  crisis.  The  inflammatory  changes  in  the  lung 
tissue  are  attended  by  rapid  and  shallow  respiration,  the  respiratory  rate 
being  proportionately  much  more  increased  than  the  pulse  rate.  The 
essential  factor  is  a  rapid  and  diffuse  spread  of  pneumococci  throughout 
the  pulmonary  tissue,  and  in  accordance  with  the  lesions  the  organisms 
are  found  in  the  interstitial  tissue,  pleura,  etc.,  as  weU  as  in  the  contents 
of  the  air  vesicles.  The  spread  of  the  organisms  is  accompanied,  how¬ 
ever,  by  a  process  of  immunisation  with  the  appearance  in  the  blood 
of  antibodies,  and  when  these  reach  a  certain  level  the  growth  of  the 
organisms  is  brought  to  an  end  and  the  crisis  occurs.  Were  it  not  for 
this,  continued  growth  with  inflammatory  change  would  go  on  and 
suppuration  in  the  lung  tissue  would  foUow.  This  last  occurrence 
is  sometimes  seen  when  the  crisis  fails  to  occur,  as  will  be  described 
below. 

Throughout  the  stage  of  fever  there  is  usually  a  well-marked 
pol3rmorpho -nuclear  leucocytosis  of  25-30,000  cehs  per  c.mm.,  which 
rapidly  falls  at  the  time  of  crisis,  being  followed  often  by  a  percentage 
increase  of  mononuclears.  As  stated  in  a  previous  chapter  (p.  67) 
the  presence  of  leucocytosis  indicates  that  the  cellular  defence  of  the 
body  is  satisfactory,  and  it  is  so  far  a  favourable  sign  ;  but  it  does 
not  signify  that  the  patient  will  recover,  as  death  may  occur  from 
various  causes—heart  failure,  etc.  On  the  other  hand,  in  cases  treated 
expectantly,  the  absence  of  definite  leucocytosis,  or  when  it  has  been 
established,  its  disappearance  before  the  crisis,  is  to  be  regarded  as 
indicating  an  excess  of  toxic  action  on  the  bone-marrow  or  want  of 
power  of  response  on  the  part  of  that  tissue  ;  it  is  therefore  of  grave 
significance.  Diminution  of  leucocytosis  is,  however,  a  common  result 
of  treatment  with  sulphonamides. 

It  is  an  interesting  fact  that  in  some  cases  of  pneumonia  the  degree 
of  oxygen  saturation  of  the  arterial  blood  is  up  to  the  normal  or 
practically  so.  This  is  remarkable  in  view  of  the  fact  that  a  large 
proportion  of  the  air  vesicles  are  out  of  action,  and  one  would  expect 
accordingly  that  the  blood  from  them  would  return  to  the  heart  in  a 
non-oxygenated  state  and  thus  anoxic  anoxemia  would  result.  The 
explanation,  as  Haldane  supposed,  may  be  that  there  is  very  little 
circulation  of  blood  through  the  consohdated  parts.  A  certain 
amount,  it  would  appear,  must  be  present,  as  otherwise  serious  nutri¬ 
tional  effects  or  even  necrotic  change  would  follow  ;  and  the  effective 
distribution  and  action  of  the  antibodies  also  demand  blood  flow. 
The  whole  matter  seems  to  us  of  puzzling  nature  and  requires  further 
investigation.  In  other  cases  of  pneumonia,  however,  anoxic  anox¬ 
emia  is  present,  and  at  the  same  time  there  may  be  deficient  output 
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of  Hood  from  the  heart  and  thus  accumulation  of  blood  in  the  venous 
system  with  accompanying  congestive  anoxsemia  (p.  6).  In  such 
circumstances  the  amount  of  oxygen  unsaturation  of  the  venous  blood 
may  be  very  high  and  cyanosis  may  be  present.  When  the  latter  is 
marked  the  prognosis  is  usually  grave. 

CoiviPLiCATiONS.  Whilst  resolution  is  to  be  regarded  as  the 
normal  termination  to  lobar  pneumonia,  it  does  not  always  occur, 
and  we  have  to  consider  now  some  less  favourable  results  or  comph- 
cations  which  may  follow. 

Organisation  of  Exudate  and  Fibrosis.  We  have  already  pointed 
out  the  difference  between  the  fate  of  the  exudate  in  the  alveoli  and 
that  on  the  pleural  surface.  In  some  cases,  however,  digestion  of  the 
fibrin  in  the  alveoli  and  absorption  do  not  take  place,  and  then  a 

process  of  organisation  occurs 
from  the  alveolar  walls.  It  is 
difficult  to  say  precisely  what 
prevents  the  process  of  normal 
resolution,  but  in  cases  where 
organisation  is  beginning,  one 
usually  finds  that  leucocytes 
within  the  alveoli  are  scanty, 
whereas  the  fibrinous  plugs  are 
dense  and  hyaline  in  appear¬ 
ance.  Probably  deficiency  of 
leucocytes  is  of  greater  import¬ 
ance.  In  the  cases  in  question 
there  is  proliferation  of  the 
connective  tissue  cells  of  the 
alveolar  walls,  and  this  is 
accompanied  by  a  formation 
of  new  capillary  buds  and  their 
growth  into  the  alveoli  often 
from  only  a  single  point  in  the  wall  (Fig.  259a).  The  later  stages  are 
the  usual  ones  of  devascularisation  and  increased  formation  of  fibrous 
stroma  with  contraction,  the  ultimate  result  being  a  diffuse  fibrosis, 
to  which  the  term  chronic  interstitial  pneumonia  is  somewhat  inaptly 
applied  as  the  fibrosis  is  intra-alveolar  and  not  primarily  interstitial] 
the  term  carnification  is  sometimes  applied  and  is  approjoriate.  Lobar 
pneumonia,  in  fact,  is  to  be  regarded  as  a  not  infrequent  cause  of 
diffuse  pulmonary  fibrosis. 

Suppuration.  The  commonest  lesion  of  this  nature  is  a  diffuse 
suppurative  softening.  The  lung  has  the  characters  of  advanced 
grey  hepatisation  and  appears  comparatively  bloodless,  but,  in 
addition,  there  are  evidences  of  softening  of  the  pneumonic  tissue. 
This  may  be  of  comparatively  slight  degree,  so  that  only  a  moderate 
amount  of  piiikish  purulent  material  is  obtained  on  scraping  with 
a  Imife  ;  but  in  other  cases  considerable  areas  may  become  softened 


Fig.  259. — Process  of  organisation  in 
unresolved  lobar  pneumonia,  showing 
new  formation  of  connective  tissue  and 
ingrowth  into  fibrinous  masses  within 
the  alveoli.  X  80. 
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and  almost  liquefied.  Such  appearances  may  be  accentuated  by 
post-mortem  autolytic  processes,  but  microscopic  examination  shows 
clearly  that  the  change  is  really  a  suppurative  one,  occurring  during 
life.  It  is  found  that  the  alveoli  are  filled  with  enormous  numbers 
of  polymorpho-nuclear  leucocytes,  whilst  in  many  parts  the  fibrinous 
exudate  has  entirely  disappeared  and  the  walls  of  the  alveoli  are  in 
process  of  softening,  so  that  larger  spaces  filled  with  purulent  material 
are  formed  by  their  confluence.  This  process  is  not  infrequent  in 
cases  where  death  has  occurred  about  the  eighth  day  without  crisis 
or  resolution,  and  may  be  regarded  as  the  natural  result  of  persistent 


Fig.  259a. — Orgaaisation  of  alveolar  exudate  in  carniiication  of  lung. 

The  alveolar  exiid,ate  is  replaced,  by  a  cellular  vascuJar  fibroiis  tissue.  Note  the  fibroblasts  passing 
from  one  alveolus  to  another  tlirough  the  pore  of  Cohn ;  also  the  destruction  of  the  alveolar  wall  at 
.one  side  only,  x  3^. 

multiplication  of  the  pneumococci,  instead  of  their  being  killed  off  as 
usually  happens.  Suppurative  change  is  not  uncommon  in  alcohohcs. 

Localised  abscesses  are  another  occasional  result  of  lobar  pneu¬ 
monia.  They  vary  in  size  and  number  and  are  surrounded  by  the 
consolidated  lung  tissue.  It  is  not  always  possible  to  say  how  they 
originate,  but  sometimes  they  arise  in  connection  with  some  pre¬ 
existing  local  lesion,  for  example,  bronchiectasis.  Occasionally  they 
become  chronic  and  perforate  into  the  pleural  cavity.  Local  com¬ 
plications  seem  to  be  rather  commoner  nowadays. 

Gangrene  of  the  Lung  (p.  421).  This  is  a  rare  complication  and  is 
due  to  the  secondary  invasion  of  the  pneumonic  tissues  by  putrefactive 
organisms.  It  is  met  with  sometimes  in  diabetic  patients,  in  alcoholics, 
and  in  others  whose  resisting  powers  are  markedly  diminished ;  it 
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occurs  also  sometimes  in  the  pneumonia  following  influenza.  In  the 
gi^eat  majority  of  cases  it  is  rapidly  fatal. 

Other  Coiuplications.  In  addition  to  the  various  results  in 
the  lung,  pneumococcus  infection  may  ensue  in  other  parts.  Some¬ 
times  the  pneumococci  extend  to  the  pericardial  sac  and  set  up 
pericarditis,  and  this  takes  place  more  frequently  when  the  pneumonia 
is  on  the  left  side.  The  exudate  may  become  purulent  in  character. 
Empyema  is  another  complication,  which  is,  however,  met  with  more 
frequently  in  children  than  in  adults.  In  cases  of  pneumonia,  the 
pneumococci  pass  into  the  blood  stream,  and  in  severe  cases  may  be 
present  in  considerable  number,  so  that  various  degrees  of  septicmmia 
result.  The  organisms  may  then  settle  in  different  parts  of  the  body 
and  give  rise  to  inflammatory  change.  The  soft  membranes  of  the 
brain  are  not  infrequently  invaded,  and  the  resulting  lesion  found 
post  mortem  varies  from  an  intense  congestion  to  a  meningitis 
with  abundant  greenish-yellow  and  semi-purulent  exudate.  Another 
complication  is  infection  of  the  heart  valves,  and  the  bacterial  endo¬ 
carditis  which  results  is  often  characterised  by  the  formation  of  large 
crumbling  vegetations.  Acute  arthritis  occasionally  occurs  as  a 
sequel  to  pneumonia,  but  it  is  rare. 

Broncho -pneumonia.  Taking  as  the  characteristic  of  this 
condition  a  spread  of  inflammatory  change  from  the  terminal  bron¬ 
chioles  to  the  alveoh,  as  explained  above,  we  may  say  that  there 
are  several  varieties,  the  chief  of  which  are  the  three  following  : 

(A)  In  the  first  place  there  is  simple  {nonsuppurative)  broncho- 
pneumonia,  a  condition  in  which  there  is  pneumonic  consolidation  of 
lobular  or  patchy  type,  and  in  which,  as  in  lobar  pneumonia,  resolution 
may  follow. 

(B)  We  may  recognise  in  the  second  place  a  suppurative  or  septic 
broncho-pneumonia,  where  the  consolidation  is  followed  by  suppura¬ 
tion  and  the  formation  of  groups  of  abscesses,  which  may  become 
confluent.  This  occui's  so  constantly  behhid  bronchial  obstruction 
that  the  term  retention  pneumonia  may  be  suitably  applied.  Some¬ 
times  gangrenous  change  may  be  present,  so  that  we  may  speak  of 
gangrenous  broncho-pneumonia. 

(C)  Tuberculous  broncho-pneumonia.  This  is  a  condition  in  which 
the  tubercle  bacilli  become  disseminated  by  the  air  passages  and  in 
which  the  pneumonic  change  is  succeeded  by  caseation. 

It  will  be  noted  that  while  in  the  first  type  resolution  may  occur, 
in  the  second  and  third  types  this  is  not  possible,  as  there  is  actual 
destruction  of  lung  tissue. 

'^Simple  Broncho -pneumonia— Non -suppurative.  This  occurs 
especially  in  childhood  ;  it  is  a  common  and  serious  comphcation  of 
whooping-cough  and  measles,  and  is  not  infrequent  in  scarlet  fever 
and  diphtheria.  It  is  met  with,  however,  apart  from  these  diseases,  and 
is,  especially  in  poorly  nourished  children,  frequently  fatal.  The 
bronchial  mucosa  of  the  adult  has  much  greater  resistance  to  bacterial 
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invasion  than  that  of  the  child,  and  in  the  robust  adult  it  is  com¬ 
paratively  rare  for  a  descending  infection  to  extend  to  the  alveoli 
and  cause  broncho-pneumonia.  In  old  age,  hoTvever,  the  liability 
to  broncho-pneumonia  again  occurs.  When  the  resisting  power  is 
levered  by  other  uifections,  e.g.  typhoid  fever,  broncho-pneumonia 
is  not  uncommon  in  the  adult ;  but  the  outstanding  example  of  this 
is  seen  in  influenza,  where  it  is  met  with  as  the  ordinary  pulmonary 
lesion.  Eurther,  it  may  be  caused  bj^  the  mhalation  of  irritating  gases. 
Simple  broncho-pneumonia  is  usually  caused  by  the  pneumc^occus, 
and  there  are  comparatively  few  cases  in  which  this  organism  is  not 
present.  It  may  be  produced  by  other  organisms,  such  as  strepto¬ 
coccus,  micrococcus  catarrhalis,  meningococcus,  etc.,  whilst  in  the  in¬ 
fluenzal  ty’pe,  H.  infiuenzse,  streptococci  or  staphydococci  are  usuallv 
present  in  large  numbers,  the  complicating  organism  varying  in  different 
localities  and  in  different  epidemics.  The  diphtheria  bacillus  and 
typjhoid  bacillus  may  be  met  with  in  the  respective  diseases  along  with 
the  pneumococcus  or  other  organisms. 

According  to  Blacklock’s  results  in  Glasgow,  about  90  per  cent, 
of  cases  of  broncho-pneumonia  in  young  children  are  due  to  pneu¬ 
mococci,  the  figure  being  rather  below  this  in  the  primary  form  and 
rather  above  it  in  the  cases  secondary  to  measles,  etc.  The  pneumo¬ 
cocci  chiefly  belong  to  group  IV,  and  this  is  especially  so  the 
yomger  the  child.  The  latter  fact  suggests  that  in  very  young 
children  the  broncho-pneumonia  is  an  auto-infection.  Lobar  pneu- 
monia  is  very  rare  in  the  very  young,  less  rare  in  oldpr  children; 
it  may  be  produced  by  group  IV  pneumococci  as  well  as  by  the  other 
types.  ^  This  is  in  contrast  with  lobar  pneumonia  in  the  adult, 
which  is  more  often  produced  by  the  fixed  types  I  and  11  (p.  405)! 
The  difference  between  the  prevalent  forms  of  pneumonia  in  the 
child  and  adult  (broncho-pneumonia  and  lobar  pneumonia  respec¬ 
tively)  cannot,  however,  be  explained  purely  on  the  basis  of  the 
type  of  the  organisms  ;  apparently  different  degrees  of  susceptibility 
are  also  concerned,  and  Opie  has  suggested  that  the  occurrence  of 
the  lobar  form  in  older  persons  may  be  attributable  to  a  degree  of 
aUergie  supersensitiveness  to  pneumococci. 

STBrjCTTJEAL  Chatstses.  In  aU  cases  the  initial  lesion  is  an  acute 
inflammation  of  the  minute  bronchioles,  that  is,  a  capillary  bronchitis, 
which  afterwards  extends  to  the  alveoli.  Many  of  the  bronchioles 
become  plugged  with  purulent  exudate,  and,  as  a  result,  the  air  vesicles 
in  relation  to  them  may  undergo  collapse.  This  is  in  all  probability 
brought  about  simply  by  absorption  of  the  contained  air  from  the 
vesicles.  The  occmrence  of  coUapse  is  often  attended  by  emphysema, 
sp  that  depressed  areas  of  the  lung  are  surrounded  by  a  ring  of  over¬ 
distended  vesicles  or  small  emphysematous  buUee  clearly  visible  on 
the  pleural  surface.  The  collapsed  areas  may  afterwards  be  the  seat 
of  catarrhal  change,  but  in  most  parts  the  inflammation  spreads  to 
the  alveoli  without  the  previous  occurrence  of  eoUapse. 
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In  the  stage  of  capillary  bronchitis  there  is  little  change  to  be 
seen  on  naked-ej^e  examination.  The  lung  tissue  is  usually  congested 
and  when  it  is  squeezed  small  purulent  drops  exude  from  the  minute 
bronchi.  The  presence  of  collapse  is  shown  by  portions  of  the  Imio 
tissue  being  depressed  below  the  pleural  surface  and  having  a  dark 
purplish  colour  ;  such  areas  may  be  small  or  may  be  of  considerable 
extent.  Broncho-pneumonia  usually  attacks  both  lungs,  though  one 
may  be  much  more  affected  than  the  other.  The  change  tends  to  occur 
earlier  and  to  be  more  advanced  in  the  lower  lobes  and  in  the  posterior 
parts  of  the  lung,  but  exceptions  to  this  are  met  with.  The  implica¬ 
tion  of  the  lung  tissue  is  shown  by  the  appearance  of  numerous  patches 


of  consohdation  which  can  be  felt  to  be  almost  airless.  Tlmm.-Size. 
and  colour  varj.  At  first  they  are  minute  and  tend  to  be  red,  and 
often  they  can  be  felt  more  readily  than  seen  ;  later  they^  become 
larger  and  paler,  sometimes  almost  of  grey  appearance.  They  are 
arranged  in  groups  and  their  margins  are  somewhat  ill- defined  ;  they 
may  be  interspersed  amongst  the  coUapsed  parts,  as  already  explained. 
As  the  condition  advances,  the  pneumonic  areas  enlarge  and  become 
confiuent,  and  sometimes  a  considerable  proportion  of  the  lung  may 
be  consolidated.  Occasionally  the  consolidation  may  be  almost  as 
complete  as  in  lobar  pneumonia,  but  the  consolidated  areas  have 
always  a  patchy  appearance,  some  parts  being  paler  than  others. 
Moreover,  in  the  less  affected  parts  the  lobular  distribution  can  be 
quite  easily  recognised.  ^A  certain  amount  of  pleurisy  is  usually 
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affected  lujig.;  there  may  be  little  more  than  a 
dimming  of  the  surface,  or  there  may  be  a  distinct  fibrinous  esuda- 

tion. 

I'liGKOscopiCAL  Examination  at  an  early  stage  of  the  disease 
shows  that  most  of  the  terminal  bronchioles  are  plugged  with  an 
exudate  containing  numerous  polymorpho-nuclear  ieucoc3rtes  along 
with  red  corpuscles  and  desquamated  epithelial  cells,  and  sometimes 
sheets  of  detached  epithelium  may  be  seen  (Eig.  260).  In  relation  to 
the  distribution  of  a  bronchiole  there  is  a  collection  of  consolidated 
air  vesicles,  and  at  places  it  can  be  seen  that  the  exudate  in 
the  bronchioles  is  continuous  through  the  infundibular  passages 
with  that  in  the  alveoli ; 
this  is,  of  course,  an  indica¬ 
tion  of  the  direct  downward 
extension  of  the  inflam¬ 
matory  process  (Eig.  261). 

Spread  of  the  inflammatory’ 
process,  however,  takes  place 
in  another  way,  viz.  directly 
through  the  bronchial  wall. 

The  latter  is  swollen  and 
extensively  invaded  by 

leucocytes,  and  . it  is . usually, 

surrounded  by  a  ring  of  con¬ 
solidated  alveoli  (Fig.  262). 

The  inflammatory  process  here 
shows  evidence  of  being  fairly 
severe,  and  the  air  vesicles 
around  not  infrequently  con¬ 
tain  fibrinous  plugs  (Eig.  263). 

Apart  from  this  situation, 
fibrin  formation  is  uncommon 
in  broncho-pneumonia.  Whilst 
in  a  consolidated  patch  near  a 
bronchiole  most  of  the  cells 
are  polymorpho-nuclear  leuco-* 
cytes,  at  the  margins  where 
the  reaction  is  less  intense 
the  air  vesicles  may  contain  numerous  large  rounded  cells,  which 
are  usually  regarded  as  being*  desquamated  epithelial  cells,  though 
some  may  be  macrophages  which  have  come  from  the  supporting 
framework.  In  the  intervening  parts  of  the  lung  many  of  the  air 
vesicles  may  be  in  a  condition  of  acute  emphysema,  being  stretched 
and  oval  in  form  (Eig.  26I}T  In  other  parts,  as  explained,  the  air 
vesicles  are  huddled  together  or  collapsed  and  are  usually  markedly 
congested ;  commencing  catarrh  may  be  present  in  their  interior. 
In  broncho-pneumonia,  celliilar  infiltration  of  the  bronchial  walls 


Fig. 


— ^Early  and  advanced  broneho- 
pneumonia. 

The  upper  shows  early  hroiielio-piieuriioiiLic 
foiisolidation  with  compensatory  empliyhema;  the 
lower  lohe  shows  confluent  cousiflidation.  hi,  S.  l).l 
X  30. 
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and  ii:iterstitial  tissue  is  often 
extent  from  case  to  case. 


a  marked  feature,  but  it  varies  in 


y 

Fig.  262. — Broncho-pneumonia,  showing 
acute  catarrh  of  bronchiole  with  consoli¬ 
dation  of  alveoli  around.  (G.  H.  W.) 
X  60. 


Results  of  Bboncho- 
PNBUMONiA.  The  natural 
result  when  recovery  takes 
place  is,  as  in  lobar 
pneumonia,  resolution  with 
absorption  of  the  inflam¬ 
matory  exudate ;  but  in 
broncho -pneumonia  this  is  a 
more  protracted  process  as 
there  is  no  distinct  crisis, 
no  period  at  which  the 
growth  of  the  organisms 
conies  abruptly  to  an  end, 
and  frequently  the  lung 
tissue  does  not  return  com¬ 
pletely  to  normal  owing  to  a 
certain  amount  of  organi¬ 
sation.  The  occurrence  of 
peribronchitis  has  been 
mentioned,  and  this  may  be 
followed  by  an  overgrowth  of  connective  tissue,  which  is  sometimes  in  a 
nodular  form,  sometimes  of  a  more  diffuse  character.  Thus  a  certain 
amount  of  fibrosis  may  result,  and  this  may  occasionally  be  attended 
by  bronchiectasis,  especially  of  the  smaller  tubes.  Actual  suppuration 
may  sometimes  occur  in  the  consohdated  areas,  but  this  is  not  common 
if  we  except  cases  where  there  has  been  a  pasasge  of  fiuids  downwards 
ffom  the  mouth.  Empyema,  usually  due  to  pneumococci,  is,  however, 
not  infrequent.  Occasionally,  in  very  poorly  nourished  children, 
gangrenous  change  may  take  place,  or  it  may  be  produced  by  the 
entrace  of  vomited  material  into  the  air  passages. 

Influenzal  Lesions.  Influenza  is  an  acute  virus  infection,  the 
lesions  of  which  are  often  localised  in  the  respiratory  tract,  wEere  it 
has  the  pecuhar  property  of  lowering  the  resistance  of  the  mucosa 
and  thus  leading  to  invasion  by  pathogenic  bacteria  of  various  kinds. 
Influenza  occurs  endemically  in  this  country,  but  from  time  to  time 
it  assumes  epidemic  or  even  pandemic  form,  as  in  the  great  pandemic 
of  1918.  Two  chief  strains  of  virus  have  been  distinguished,  virus  A 
and  virus  B,  but  there  are  other  serdlogical  variants,  the  occurrence 
of  which  renders  the  problem  of  protective  immunisation  very  difficult 
and  complicated.  The  lesions  of  the  respiratory  passages  in  influenza 
merit  special  notice  on  account  of  their  manifold  and  serious  charac¬ 
ter.  Commonly  the  whole  tract  is  invaded,  and  an  outstanding 
feature  is  the  imphcation  of  the  terminal  bronchioles  to  a  degree  which 
is  not  met  with  in  any  other  disease  in  adults.  The  trachea  and 
large  bronchi  usually  show  signs  of  intense  inflammation,  which  may 
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be  accompanied  by  haLmiorrhage  and  occasionally  in  very  severe 
types  also  b\^  some  superficial  necrosis  of  the  mucosa  and  fibrinous 
exudate.  Wlien  capillary  bronchitis  occurs,  it  is  usually  attended  by 
intense  inflammation  in  the  vesicles  around  the  iralls  of  the  bronchi¬ 
oles,  often  accompanied  by  fibrinous  exudate  and  hsemorrhages 
(Fig.  263) ;  and  there  is  also  an  extension  of  the  inflammation  by 
way  of  the  infundibula  to  the  air  vesicles  beyond.  The  walls  of 
the  tubes  are  the  seat  of  marked  interstitial  inflammation — peri¬ 
bronchitis.  In  fact,  this  is  a  prominent  feature  in  influenza  and  is  of 
importance  as  it  often  leads  to  permanent  fibrosis.  The  organisms 
chiefly  concerned  in  producing  pneumonia  are  Pfeiffer’s  '  influenza 
bacillus/  pneumococci,  streptococci,  micrococcus  catarrhaMs,.  and 
occasional^  staphylococci,  but  in  epidemic  influenza  consolidation  may 


Fig.  26S. — ^Influenzal  broncho-pneumonia,  showing  acute  catarrhal 
inflammation  of  a  bronehiole  and  peiibronehitis. 

Note  the  fibrinous  exudate  in  the  air  vesicles  around,  bronebiole.  x  60, 

be  produced  by  the  virus  without  .superimposed  bacterial  infection. 
Influenza  bacilli  are  usually  present  in  the  exudate  in  the  bronchi, 
and  may  he  seen  invadhig  their  walls,  but  other  organisms,  especially 
pneumococci  and  streptococci,  are  generally  to,  he  found  with  them. 
At  this  stage  the  appearance  is  that  of  an  earty  .broncho -pneumonia, 
hut  there  are  frequently  hsemo-rrhages,  especially  round  the  small 
bronchi,  and  also  a  considerable'  amount  of  inflammatory  oedema. 
The  areas  of  consolidation  vary  greatly  in  size  ;  .sometimes  .they  are 
massive  and  c.onfluent  and  may  exhibit  patches  of  necrosis.  Pleurisy 
is  usually  present,  especially  when  the  condition  has  lasted  some  time. 
In  uncomplicated  influenza  there  is  no  polymorph  leucocytosis,  and 
later  these  cells  are  often  scanty  in  the  pneumonic  lesions  ;  no  doubt 
this  increases  the  tendency  to  incomplete  resolution. 

.  Such  may  be  regarded  as  the  common  lesions  of  the  lungs,  hut 
various  tmrvplicatiam^  may  occur.  Occasionally  lobar  pneumonia 
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may  become  superadded  and  may  prove  fatal  before  there  is  much 
consolidation.  We  have  seen  also  cases  where  there  was  a  very 
intense  inflammatory  oedema  with  haemorrhage,  but  comparatively  little 
consolidation,  and  where  streptococci  were  abundant  in  the  fluid 
exudate.  The  patchy  pneumonic  consolidation  is  occasionally 
followed  by  suppuration,  usually  in  multiple  foci,  and  the  organisms 
may  reach  the  pleura  and  give  rise  to  an  empyema.  Sometimes 
abscesses  are  of  chronic  character  and  lead  to  much  overgrowth  of 
connective  tissue.  Apart  from  suppuration,  however,  interstitial 
fibrosis  is  a  comparatively  common  sequel  of  influenzal  pneumonia. 
In  fact  in  some  cases  at  an  early  stage  acute  interstitial  inflammation 
is  a  marked  lesion,  and  this  is  followed  by  increase  of  the  connective 
tissue.  Again,  organisation  of  the  exudate  in  the  bronchioles  may 
occur  and  lead  to  their  obliteration  with  permanent  collapse  of  the 
lung  tissue  beyond,  and  a  considerable  amount  of  fibrosis  may  thus 
result.  Some  small  bronchi,  probably  as  a  result  of  damage  to 
their  muscle,  undergo  dilatation  and  thus  permanent  bronchiectasis 
may  result.  Occasionally  in  the  acute  stages  of  influenza,  septicaemia, 
due  to  pneumococci  or  streptococci,  may  appear  and  prove  rapidly 
fatal.  This  was  not  infrequent  in  the  severe  epidemic  in  1918.  The 
effects  of  influenzal  infection  are  thus  very  manifold.  Death  may  be 
caused  by  the  severity  of  the  pulmonary  lesions  or  by  septicemia  ;  and 
while  the  broncho-pneumonia  may  become  resolved,  recovery  is  often 
prolonged  and  a  certain  amount  of  fibrotic  change  is  apt  to  be  left. 

Psittacosis.  This  infection,  which  is  due  to  a  filterable  virus  originally 
derived  from  diseased  parrots,  causes  a  form  of  irregular  pneumonia.  The 
lesions  to  the  naked  eye  resemble  somewhat  those  met  with  in  influenzal 
broncho-pneumonia,  but  the  exudate  is  stated  to  consist  chiefly  of  mononuclear 
cells  along  with  fibrin  and  red  corpuscles,  there  being  only  a  scanty  admixture  of 
polymorpho-nuclear  leucocytes.  In  the  oldest  parts  of  the  lesion  also  capillary 
thrombosis  may  be  a  prominent  feature. 

Primary  Atypical  Pneumonia— Virus  Pneumonia.  This  form  of 
pneumonia  is  due  to  another  filterable  virus,  which  causes  a  low-grade  inflam¬ 
mation  of  focal  character  centred  on  the  bronchioles,  the  walls  of  which  are 
thickened  by  interstitial  mononuclear  infiltration,  while  the  lumina  contain 
mucopurulent  material.  In  some  alveoli  there  is  fibrinous  exudate  tending  to 
undergo  organisation,  in  others  oedema  and  hsemorrhage.  The  morbid  anatomy 
resembles  that  of  influenzal  pneumonia  without  secondary  bacterial  invasion; 
polyinorphs  are  scanty  in  the  lesions  but  a  mild  leucocytosis  may  be  found.  The 
onset  is  usually  gradual  and  the  mortality  is  low  but  resolution  is  often  somewhat 
delayed.  A  remarkable  feature  of  the  disease  is  the  appearance  of  cold  hsemag- 
glutinins  for  red  cells  in  the  patient’s  serum,  which  reach  a  peak  about  21  days 
after  onset  but  fall  rapidly  thereafter. 

Septic  or  Suppurative  Broncho  -pneumonia .  This  is  produced 
as  a  rule  by  the  entrance  of  fluids  containing  pyogenic  organisms  into 
the  small  bronchial  tubes.  It  is  a  not  uncommon  complication  of 
surgical  operations  about  the  month  or  throat,  and  it  occurs  also 
when  the  bronchi  become  partially  or  completely  obstructed,  e.g.  by 
tumour  growth,  so  that  secretions  are  retained  and  form  a  suitable 
medium  for  the  growth  of  organisms.  In  neoplastic  obstruction  of  a 
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main  broncliiis  the  consolidation  resulting  from  this  iiifectioii  may 
be  practically  lobar  in  distribution  ;  later  suppurative  softening  leads 
to  the  formation  of  multiple  abscesses  (Eig  284.)  Occasionally  it 
results  from,  the  presence  of  a  foreign  bod}"  in  the  trachea  or  in  a 
bronchus,  Bronc,iio -pneumonia  of  similar  type  is  met  with  m  cases 
of  immersion  in  contaminated  water,  a  common  sequel  of  this  being 
suppurative  and  sometimes  necrotic  areas  in  the  lung.  The  entrance 
of  vomited  material  into  t.lie  trachea  is  another  cause. 

In  suppurative  broncho-pneiinionia  the  consolidation  occurs  in 
patches  which  run  together,  and  these  afterwards  undergo  suppura¬ 
tive  softening.  A  portion  of  the  lung  may  thus  come  to  be  riddled 


Fig.  264. — ^Influenzal  broncho -pneumonia. 

There  is  widespread,  consolidation,  in  places  confluent,  and  an  .area  of  necrosis  of  the  lung  tissue 
is  seen.  (From  a  child  dying  of  epidemic  influenza.)  x  9. 

with  small  abscesses,  w"hilst  a  considerable  amount  of  general  pneu¬ 
monic  consolidation  may  be  found  between.  The  abscesses  form 
most  frequently  in  the  substance  of  the  lower  lobes,  though  they 
may  reach  the  surface  and  infect  the  pleura.  On  the  other  hand, 
abscesses  resulting  from  embolism  are  situated  chiefly  under  the 
pleura.  When  decomposiag  fluids  enter  the  bronchi,  the  pneumonic 
consolidation  following  may  become  the  seat  of  gangrene,  which 
sometimes  produces  numerous  small  cavities— a  gangrenous  broncho¬ 
pneumonia  ;  or  a  large  gangrenous  area  may  result. 

Tuberculous  Broncho -pneumouia  is  described  later  (p.  436). 

Embolic  Pneumonia.  In  various  pysemic  conditions  resulting 
from  septic  invasion  of  peripheral  veins,  abscesses  varying  in  size 
and  number  may  occur  in  the  lungs.  Such  abscesses  were  frequent 
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in  the  days  when  surgical  pyaemia  was  rife,  but  they  are  now  much 
less  common,  and  are  met  with  chiefly  in  such  conditions  as  septic 
thrombosis  of  the  cerebral  sinuses,  and  suppurative  thrombosis  of  the 
uterine  and  other  veins  in  puerperal  conditions.  They  are  actually 
suppurating  infarcts  and  are  thus  often  wedge-shaped.  Infective 
emboli  may  be  occasionally  derived  also  from  ulcerative  endocarditis 
of  the  tricuspid  valve.  Again,  in  acute  pyogenic  infections,  e.g. 
suppurative  periostitis  and  osteomyehtis,  there  may  be  groups  of 
small  abscesses  in  the  lungs,  often  attended  by  a  considerable  amount 
of  haemorrhage.  In  some  very  acute  cases,  especially  those  caused  by 
the  Staphylococcus  aureus,  the  lesions  may  be  merely  in  the  form 
of  numerous  small  haemorrhagic  areas  mthout  any  actual  suppura¬ 
tion,  though  swe  pale  central  points  are  usually  to  be  distinguished. 
In  the  hart^^hagic  areas  staphylococci  may  be  found  in  enormous 
numbers,  as  plugs  within  the  capillaries  and  also  outside.  It  is  im¬ 
portant  to  recognise  the  occurrence  of  such  a  condition,  as  death 
may  take  place  very  quickly,  and  there  may  occasionally  be  little 
or  no  lesion  in  other  organs  to  suggest  the  presence  of  the  infection ; 
furthermore,  the  origin  of  the  infection  is  sometimes  obscure. 

Pneumonic  conditions  may  occasionally  be  produced  by  other 
organisms  carried  by  the  blood  stream,  for  example  in  meningococcus 
septicaemia ;  and  it  is  possible  that  sometimes  pneumococci  may 
reach  the  lungs  in  this  way  from  lesions  elsewhere  In  enteric  fever 
the  typhoid  bacilli  may  be  carried  to  the  lungs  by  the  blood,  and 
may  there  take  part  along  with  pneumococci  or  other  organisms  in 
setting  up  pneumonia.  In  plague  two  types  of  infection  are  met 
with.  In  the  ordinary  bubonic  type,  secondary  invasion  of  the  lungs 
may  take  place  by  the  blood  stream,  whereas  in  the  pneumonic  type 
infection  is  by  inhalation.  The  resulting  pneumonia  is  usually 
attended  by  much  haemorrhage  and  oedema,  and  sometimes  by  actual 
necrosis  ;  the  bacilH  are  present  in  large  numbers. 

Hypostatic  Pneumonia.  This  type  occurs  from  accumulation  of 
secretions  in  the  posterior  parts  of  the  lung,  these  serving  as  a  nutrient 
medium  for  pneumococci  and  other  organisms  ;  and  it  would  appear 
to  be  an  example  rather  of  organisms  of  mild  virulence  growing  under 
specially  favourable  conditions,  than  of  virulent  organisms  invading 
the  lung  substance.  H3rpostatic  pneumonia  is  very  common  in  cases 
of  coma,  for  example  after  gross  cerebral  lesions,  also  in  weakly  and 
bedridden  subjects,  and  it  is  not  infrequently  a  terminal  phenomenon 
in  cases  of  infective  fevers.  All  degrees  exist  between  a  congested 
and  oedematous  condition  of  the  lungs  and  true  consolidation,  and  the 
lungs  show  corresponding  appearances.  The  consolidation  is  most 
marked  in  the  posterior  parts  of  the  lungs  and  gradually  fades  off  in 
front,  merging  into  oedema  ;  it  is  never  so  complete  or  so  well-defined 
as  in  lobar  pneumonia.  The  microscopic  appearances  vary  much  in 
different  cases,  and  also  in  different  parts  of  the  luifgs  in  the  same 
case.  In  some  cases  there  is  chiefly  catarrh,  with  oedema  and  a  varying 
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amomit  of  hsemorriiage,  wMlst  iii  others  the  Tesicles  may  be  largely 
occupied  by  leucocytes,  and  occasionally  even  fibrin  may  be  present. 
Pleurisy  is  often  absent,  but  there  may  be  a  thin  fibrmous  exudate 
at  places  ;  there  is  often  a  certain  amount  of  serous 'effusion  into  the 
pleural  cavities.  Hypostatic  pneumonia  may  thus  be  regarded  as  a 
terndnal  affection . 

Gangrene.  This  condition  is  the  result  of  the  entrance  of  putre¬ 
fying  organisms’  into  the  lung  tissue,  and  they  may  reach  the  lung 
by  two  routes,  viz.  by  the  bronchi  or  by  the  blood  stream,  the  former 
being  the  commoner.  When  infection  occurs  by  the  bronchi  it  usually 
does  so  by  direct  entrance  of  decomposing  fluid,  less  frequently  of 
solid  material.  This  may  occur  in  a  variety  of  conditions — for 
example,  during  coma  or  as  a  result  of  operations  on  the  tongue  or 
larynx,  in  cases  of  ulcerating  growths  of  these  parts  by  the  passage 
of  discharge  downwards,  and  from  cancer  of  the  oesophagus  which  has 
penetrated  the  trachea  or  a  bronchus.  The  entrance  of  a  foreign 
body,  e.g.  piece  of  carious  tooth,  fish  bone,  food,  etc.,  may  lead  to 
gangrene.  Gangrene  occasionally  becomes  superadded  to  croupous 
pneumonia  or  a  broncho -pneumonia,  as  may  he  met  with  in  diabetes 
or  in  influenza.  Occasionally  it  occurs  secondarily  to  bronchiectasis. 
The  gangrene  is  usually  in  multiple  foci  which  tend  to  become  con¬ 
fluent,  but  sometimes  there  is  one  large  area  involved.  The  tissue 
affected  becomes  softened  and  pulpy,  of  dirty  brown  or  even  greenish- 
black  colour,  and  it  has  a  highly  putrid  odour 

Microscopical  examination  shows  granular  material  of  various 
kinds,  altered  blood  pigment,  crystals  of  fatty  acids,  and  a  great 
variety  of  organisms — ^not  only  cocci  and  bacteria,  but  also  leptothrix 
organisms,  spirochsetes  and  fusiform  bacilli,  etc.,  such  as  are  common 
in  gangrenous  lesions  about  the  mouth.  We  have  seen  acid-fast 
bacilli  in  gangrene  of  the  lungs,  larger  and  straighter  than  tubercle 
bacilli,  and  their  presence  has  been  noted  by  others. 

Gangrene  produced  by  putrid  embolism  is  less  common.  It  may 
be  met  with  occasionally  in  cases  of  septic  thrombosis  of  the  cerebral 
sinuses,  occasionally  in  puerperal  thrombosis,  the  essential  condition 
for  its  occurrence  in  all  cases  being  the  invasion  of  the  origmal  thrombus, 
not  only  by  pyogenic,  but  also  by  putrefactive  organisms.  Embolic 
gangrene,  which  is  sometimes  in  multiple  foci  and  affects  especially  the 
superficial  parts,  i  s  often  in  wedge-shaped  areas  like  inf  arcts ,  Secondary 
pleurisy  ensues,  and  this  also  may  assume  a  putrid  character. 

"Chronic  Interstitial  Pneumonia 

This  is  characterised  by  an  overgrowth  of  the  connective  tissue 
of  the  lungs,  especially*  in  the  situations  where  it  is  normally  most 
abundant,  namely,  around  the  bronchi  and  blood  vessels,  along  the 
interlobular  septa,  and  in  the  deep  layers  of  the  pleura.  In  the 
process  of  fibrous  overgrowth  following  organisation  the  air  vesicles 
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of  the  lung  become  compressed  and  many  of  them  entirely  disappear 
(Fig.  265)  ;  whilst  at  places  the  epithelial  cells  lining  them  often 
assume  a  cubical  form,  somewhat  resembling  the  cells  in  the  foetal 
lung.  This  is  probably  to^  be  regarded  as  a  return  to  an  embryonic 
or  non-differeiitiated  type,  owning  to  interference  with  the  functions 
of  the  cells.  Chronic  interstitial  pneumonia  if  extensive  often  leads 
to  obstruction  to  the  pulmonary  circulation.  Thus  hypertrophy  of 
the  right  side  of  the  heart  often  results. 

Varieties  akd  Causation.  As  regards  etiology,  we  may  recognise 

two  main  types  of  the  con¬ 
dition,  namely  : 

(1)  Interstitial  pneumo¬ 
nia  as  a  sequel  to  acute 
inflammation. 

(2)  Interstitial  pneumo¬ 
nia  of  a  chronic  nature 
from  the  outset. 

With  regard  to  the  first 
variety,  it  has  already  been 
described  how  in  acute 
lobar  pneumonia  organisa¬ 
tion  of  the  exudate  occa¬ 
sionally  follows,  and  thus 
areas  of  difluse  fibrosis  may 
result.  A  corresponding 
change  is  sometimes  met 
with  as  a  sequel  to  ordinary 
broncho  -  pneumonia,  the 
fibrosis  being  usually  patchy 
dilatation  ;  in  the  influenzal 
a  not  uncommon  result. 


Fig.  265. — Chroaic  pulmonary  fibrosis,  show¬ 
ing  the  increase  of  fibrous  tissue  in  the 
alveolar  walls,  and  obliteration  of  air 
vesicles  resulting  from  organisation  of 
exudate.  X  60. 
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and  sometimes  attended  by  bronchial 
type  a  considerable  degree  of  fibrosis 

A  primarily  chronic  interstitial  pneumonia  is  produced  by  two 
main  causes,  namely  :  {a)  inhalation  of  irritating  particles  ;  (b)  chronic 
infections,  especially  tuberculosis  and  syphilis.  To  the  pneumonia 
caused  by  the  former,  the  term  pneumonokoniosis  is  given,  and  there 
are  several  varieties  according  to  the  nature  of  the  substance  which 
T>roduces  it. 

Pnetjmonokonioses  or  Dust  Pneumonias.  These  are  produced 
by  particles  of  various  kinds,  of  which  the  commonest  are  coal  and 
stone  dust ;  also  dust  in  potteries  and  pigment  factories,  iron  particles, 
etc.  Lesions  produced  in  this  way  were  formerly  common,  but  under 
improved  hygienic  conditions  they  have  become  much  rarer.  Anthra- 
cosis,  or  coal-miner’s  lung,  and  silicosis  ox  chalicosis,  or  stone -miner’s 
lung,  have  long  been  known  as  the  two  main  types  in  this  country, 
but  lesions  due  to  silica  are  also  met  with  in  sand-blasters,  and  in 
workers  in  the  abrasive  soap  industry  where  the  very  finely  divided 
particles  and  perhaps  also  the  effects  of  alkali  lead  to  a  very  rapidly 
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fatal  form  of  the  disease.  Within  recent  times,  however,  another  form 
has  come  to  be  recognised,  viz.  that  due  to  inhalation  of  asbestos 
dust — asbestosis.  The  condition  sulerosis,  formerly  not  uncommon  in 
knife-grinders  and  the  like,  was  due  to  a  mixture  of  iron  and  stone 
dust.  It  has  now  practically  disappeared-  There  is,  however,  another 
form  of  siderosis  still  met  with  in  workers  in  hematite  mines.  It  is 
to  be  noted  that  hi  aU  these  tj-pes  of  pneiimonokoniosis  the  important 
structural  changes  are  chiefly  due  to  siiicious  material. 

The  entrance  of  particles  of  dust  into  the  alveoli  is  favoured  by 
any  abnormal  condition  of  the  bronchial  mucosa,  but  it  has  been 
found  that  even  when  healthy  animals  are  exposed  to  an  atmosphere 
containing  much  dust,  the  finer  particles  (about  5  fi  or  less)  gain  access 
to  the  alveoli  in  a  short  time  whereas  coarser  particles  are  deposited 
in  the  bronchial  mucosa.  The  alveolar  particles  are  then  taken  up 
by  phagocytic  cells  and  are  carried  into  the  lymphatics  of  the  limg, 
where  they  become  ividely  distributed.  They  tend  to  accumulate  in 
certain  situations,  for  example,  along  the  peribronchial  lymphatics  and 
at  the  j  unctions  of  the  interlobular  septa  and  the  pleura .  In  the  various 
positions  where  they  are  arrested  they  give  rise  to  reactive  changes, 
which  vary  according  to  the  nature  of  the  particles.  The  nature  of 
the  phagocytes  in  the  lung  alveoli  has  aheady  been  considered  (p.  164). 

Anthracosis-  In  all  dwellers  in  towns  there  is  accumulation  of 
carbon  particles  in  varjdng  degree,  but  in  coal-miners  this  is  excessive  : 
the  whole  hmiphatic  system  of  the  lungs  becomes  impregnated  and 
the  lungs  come  to  have  an  almost  uniform  black  colour.  The  effects 
of  anthracosis  are  now  recognised  to  he  more  serious  than  was  formerly 
believed.  The  work  of  the  M.R.C.  Pneumonokoniosis  Research  Unit 
has  made  it  clear  that  the  hability  of  coal-miners  in  different  mines 
to  pneumonokoniosis  is  directly  proportional  to  the  concentration  of 
air-borne  dust  rather  than  to  qualitative  differences  in  its  composition. 
The  important  wnrk  of  Gough  in  Cardiff,  has  shown  that  the  lesions 
of  anthracosis  are  at  .first  essentially  focal :  inhaled  coal  dust  tends 
to  accumulate  within  phagocytes,  especially  at  the  divisions  of  the 
respiratory  bronchioles  and  adjacent  alveoli  in  relation  to  l3miphoid 
collections  ;  reticular  fibrosis,  at  first  without  much  coUageii,  follows  ; 
later  the  lesions  become  condensed  and  shrmiken,  acquiring  a  some¬ 
what  steUate  outline.  This  probably  corresponds  to  the  radiological 
stage  of  ‘  dust  reticulation.’  Around  these  consoMdated  foci  the 
adjacent  air  vesicles  are  dilated  and  there  results  a  very  characteristic 
foml  emphysema  (Fig.  266),  which  later  becomes  almost  confluent,  and 
obstruction  to  the  pulmonary  circulation  follows.  The  resultant 
deficient  respiratory  exchange,  characteristic  of  severe  emphysema 
{q,v.,  p.  401),  leads  to  great  disability  from  dyspnoea,  the  .so-called 
miner’s  asth.ma.  Belt  and  Ferris  have  shown  by  micro-incine.ration 
methods  that  the  lesions  of  dust  reticulation  always  contain  a  con¬ 
siderable  amount  of  sfiica,  hut  the  response  of  the  tissues  to  a  mixture 
of  finely  divided  coal  and  siMcious  dust  is  greatly  modified  from  that 
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brought  about  by  silica  alone,  perhaps  because  much  of  the  silica  is 
inhaled  in  the  more  complex  forms. 

A  further  change  in  some  cases  is  the  development  of  progressive 
massive  fibrosis  of  the  lungs,  especially  in  the  upper  lobes,  and  in  this 
process  some  additional  factor  is  at  v'ork,  probably  in  most  cases  the 


Fig/ 266, — Coal-miner’s  lung,  sbowing  sever©  anthracosis. 

Note  the  discrete  lesions  with  perifocal  emphysema,  and  also  the  areas  of  gross  fibrosis  and  pig¬ 
mentation.  X  From  a  whole  lung  section  kindly  lent  by  Professor  Jethro  Gough,  Cardiff. 


concomitant  presence  of  adequate  amounts  of  silica  along  with 
tuberculous  infection.  It  seems  probable,  as  Cummins  pointed  out, 
that  the  action  of  coal  dust  in  some  way  mitigates  the  effects  of  silica 
and  tubercle  bacilh,  both  locally  and  generally.  The  initial  dust 
reticulation  and  focal  emphysema,  however,  appears  to  depend  more 
upon  the  mechanical  accumulation  of  a  sufficiently  large  amount  of 


RESPIRATORY  SYSTEM 


425 


foreign  particles  than  on  their  chemical  composition,  but  the  part 
played  by  the  finely  divided  silica  is  unsettled. 

Silicosis.  This  is  a  more  serious  disease,  but  fbrtimately  it  is 
less  common  than  formerly.  The  stone  particles  have  a  markedly 
irritatuig  effect  and  may  give  rise  to  much  fibrous  overgrovdli.  The 
layers  of  the  pleura  are  usually  adherent  and  thickened,  and  on  the 
surface  of  the  lung  there  are  often  scattered  grey  nodules  of  firm 
consistence.  These  occur  especially  at  the  junctions  of  the  inter¬ 
lobular  septa  and  the  pleura,  and  when  cut  into  may  be  gritty  to  the 
touch.  Similar  nodules  are  present  throughout  the  lung  and  larger 
fibrous  masses  may  be  formed  by"  their  confluence,  especially  in  the 
upper  lobes,  siirrouiided  by  a  variable  degree  of  diffuse  fibrosis  of  the 


Fig.*'267. — Fibrotic  nodules  in  lung  in  silicosis. 

Kote  dense  laminated  connective  tissue.  The  nodules  are  umisually  well 
circumscribed.  (A.  C.  L.)  x  7. 


lung  substance.  A  certaiu  amount  of  bronchiectasis  is  not  uncoinmoii, 
and  there  may  he  ulceration  of  the  nodules  into  the  bronchi,  with 
formation  of  cavities.  The  lung  tissue  has  a  dark  greyish  colour,  and, 
as  a  rule,  there  is  also  a  considerable  amount  of  carbon  pigment  present. 
Tubercnlous  lesions  of  various  kinds  are  often  present  in  addition. 
Microsco‘;pic  exammation  shows  that  the  nodules  are  composed  of  very 
dense  connective  tissue  arranged  in  a  laminated  fashion,  and  between 
the  fibres  there  are  collections  of  stone  particles  which  are  usually 
very  minute,  somewhat  angular  in  form  and  of  greyish-brown  colour  ; 
their  characters,  however,  vary  according  to  the  nature  of  the  stone. 
Most  of  the  particles  are  doubly  refracting  and  are  thus  readily  dis¬ 
tinguished  by  the  polarising  microscope.  The  nodules  are  somewhat 
cellular  at  the  periphery,  whilst  the  central  parts  are  more  fibrous  or 
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liyaliiie  in  appearance  (Figs.  267,  268).  In  silicosis  tliere^  are  also 
important  clianges  in  the  walls  of  the  small  arteries,  and  endarteritis 
or  thrombosis  may  result.  One  may  see  arteries  with  hyaline  walls 
and  lumina  filled  with  organised  thrombus  of  similar  appearance, 
the  hyaline  change  being  here  again  a  prominent  feature.  These 
arterial  changes  must  have  an  important  effect  on  the  related  nodules, 
the  central  parts  of  which  may  be  practically  necrotic. 

Sihcosis  leads  to  serious  results  in  two  ways,  {a)  In  the  first  place, 
owing  to  the  great  fibrosis  and  destruction  or  replacement  of  the 
alveolar  tissue,  the  vascular  area  is  diminished  and,  accordingly,  there 
is  obstruction  to  the  circulation.  The  right  side  of  the  heart  undergoes 
hypertrophy,  and  this  may  be  follo^ved  by  dilatation,  with  congestive 

heart-failure  and  oedema  as 
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Fig.  268. — Section  of  lung  in  silicosis, 
showing  characteristic  laminated  fibrous 
nodule. 

The  compressed  alveoli  at  the  margin,  a,  are  lined 
by  cubical  epithelium,  x  60. 


the  result,  (b)  The  other 
serious  result  is  the  occur¬ 
rence  of  tuberculosis. 
Silicosis  renders  the  lungs 
very  susceptible  to  invasion 
by  the  tubercle  bacillus,  and 
wKeii  this  occurs  the  lungs 
may  be  extensively  involved 
by  the  two  types  of  disease. 
It  may  be  said  that  tuber¬ 
culosis  becomes  superadded 
in  more  than  50  per  cent, 
of  the  cases.  A  fihro- caseous 
lesion  is  specially  common 
amongst  miners  in  the 
Transvaal.  Radiography 
has  been  found  of  great 
value  in  ascertaining  the 
nature  of  the  lesions,  both 
the  nodules  and  the  more 


diffuse  changes  being  well  brought  out. 

The  facts  stated  above  show  that  the  action  of  silica  is  characterised 
by  two  main  features,  viz.  (a)  the  extent  of  the  resulting  fibrosis,  as 
contrasted  with  that  in  other  pneumonokonioses,  and  (6)  the  suscep¬ 
tibility  to  tuberculosis  which  is  brought  about.  On  these  two  points 
light  has  been  thrown  by  the  work  of  Gye  and  Kettle.  They  found 
that  the  action  of  the  stone  particles  on  the  tissues  is  not  the 
result  of  their  physical  properties  merely  as  foreign  material,  but 
is  due  to  the  slow  formation  of  colloidal  silica  which  diffuses  around 
the  particles  and  acts  as  an  irritant  and  cell  poison,  leading  to  over¬ 
growth  of  connective  tissue  and  sometimes  necrosis.  Further,  they 
have  shown,  by  experimental  methods,  that  this  silica  sol  breaks  down 
the  defences  of  the  tissues  and  leads  to  a  more  extensive  growth  of 
tuhercle  bacilli  when  they  are  present.  In  this  way,  the  susceptibility 
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of  silicotic  lungs  to  tuberculous  infection  is  brought  about.  Their  con¬ 
clusions,  which  are  well  supported  by  the  experimental  results,  appear 
to  us  to  explain  the  essential  features  of  silicosis  as  mentioned  above. 
According  to  recent  work  by  Denny  and  others,  the  harmful  effects 
of  sdica  in  producing  silicosis  can  be  prevented  by  the  inhalation  of 
metallic  aluminium  powder.  This  action  depends  chiefly  on  the 
formation  of  a  gelatinous  hydrated  alu,mina  which  covers  the  quart>z 
particles  with  an  insoluble  and  impermeable  coating.  It  remains  to 
be  seen  to  what  extent  this  result  may  have  practical  application  in 
the  prevention  of  sdieosis. 

The  nature  of  the  silicious  materials  concerned  in  the  production 
of  silicosis  is  still  a  subject  of  enquiry,  but  it  is  generally  agreed  that 
silica  (SiOa)  is  chiefly  responsible,  especially  in  the  form  of  quartz, 
and  that  many  of  the  complex  silicates  present  pla}’'  little  or  no  part, 
indeed  some  exercise  a  protective  influence  by  dela^diig  the  production 
of  colloidal  silicic  acid  on  which  the  harmful  effects  largely  depend. 
Some  years  ago  it  was  urged  by  Jones  that  sericite  or  secondary  white 
mica,  an  important  constituent  of  many  rocks  which  occurs  in  stone 
dust  ill  very  minute  particles,  plays  an  important  part,  but  this  has 
not  been  substantiated  by  recent  experimental  work  with  the  natural 
mineral  (King).  Preliminary  treatment  with  strong  HCl,  however, 
renders  sericite  more  pathogenic,  apparently  by  increasing  its  solubility 
in  the  tissues. 

Asbestosis.  Asbestos  is  a  fibrous  silicate,  the  sMica  being  com¬ 
bined  chiefly  with  mamesium  and  iron  ;  it  is  much  used  in  industry 
and  the  carding  and  sphmuig  of  the  fibres  produces  a  very  dusty 
atmosphere,  from  the  hihalation  of  wMch  a  serious  form  of  interstitial 
pneumonia  arises  among  w^orkers  in  asbestos  factories.  The  smaller 
fibres,  50-200  /i  in  length,  are  inhaled  into  the  respiratory  bronchioles 
from  which,  aided  by  respiratory  movements,  they  gain  entrance  to 
the  alveoli  by  piercing  their  walls.  There  they  give  rise  to  a  well- 
marked  macrophage  reaction  with  numerous  giant-cells,  and  colloidal 
silica  is  liberated.  As  the  impacted  fibres  camiot  be  transported  along 
the  lymphatics  nodular  reaction  is  absent  and  fibrosis  of  the  lungs  of 
a  diflPuse  type  results.  This  is  usually  most  marked  in  the  lower  lobes, 
diminishing  in  intensity  in  an  upward  direction ;  it  is  often  accom¬ 
panied  hy  much  pleural  thickening. 

Accordingly,  in  X-ray  plates  the  lesion  presents  a  striated  rather 
than  a  nodular  appearance.  On  microscopic  examination  one  finds 
areas  of  fibrosis  in  which  the  alveolar  structure  has  disappeared,  and 
other  areas  alongside  in  which  the  alveoli  showr  an  advancing  fibrosis 
of  their  walls  along  with  a  varying  amount  of  inflammatory  change 
in  their  interior.  The  growth  of  tissue  is  often  specialy  marked 
around  the  hronchi.  Scattered  in  the  fibrous  tissue  and  also  within 
the  alveoli,  one  finds  the  so-called  ‘  asbestosis  bodies,’  which  are  of 
great  importance  in  the  diagnosis  of  the  disease.  They  are  thin  and 
of  considerable  length,  often  clubbed  or  bulging  at  the  extremities 
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and  transversely  fissured  or  notched  along  their  length.  They  have 
a  hroviiish-yellov  colour  and  give  an  iron  reaction.  The  bodies 
represent  asbestos  filaments  coated  vith  some  organic  deposit  from 
the  tissues  (Figs.  269  and  270),  the  curious  ringed  structure  being 
probably  due  to  the  effects  of  respiratory  movements  on  the  process 
of  deposition.  In  the  lung  tissue  they  are  often  arranged  in  radiating 
clumps,  though  there  are  also  irregular  fragments  of  similar  character, 
and  they  are  accompanied  by  a  considerable  excess  of  carbon  pigment. 
They  have  also  been  found  to  appear  in  the  lungs  of  guinea-pigs 
within  two  or  three  months  after  artificial  exposure  to  the  dust. 
Asbestosis  bodies  have  been  found  in  the  sputum  of  persons  exposed 
to  asbestos  dust  without  there  being  any  evidence  of  pulmonary 
lesion  ;  their  presence  thus  indicates  merely  that  there  has  been 


Figs.  269  and  270. — ^Asbestosis  bodies  in  sputum  from  cases  of  asbestosis. 

Fig.  269  shows  a  characteristic  radiating  clmnp.  x  about  350- 

process  of  formation  by  accretion  of  organic  material  around  asbestos  fibres 
(Professor  M.  J.  Stewart.)  X  400- 

exposure.  The  presence  of  the  bodies  in  clumps  has,  however,  another 
significance,  as  has  been  pointed  out  by  Stewart  and  others.  Such 
clumps  form  only  in  the  pulmonary  lesions,  and  their  presence  in  the 
sputum  would  thus  appear  to  depend  on  the  breaking  down  of  the 
tissues,  either  as  a  result  of  tubercle  or  suppurative  change. 

There  is  a  distinct  tendency  for  tubercle  to  occur  in  asbestosis, 
though  the  incidence  of  the  disease  is  not  so  high  as  in  silicosis.  Asbes¬ 
tosis  is  a  very  serious  disease  and  when  well  established  leads  to  a  fatal 
result  more  rapidly  than  does  sihcosis.  There  is  also  some  evidence 
of  an  increased  liability  to  bronchial  carcinoma  (Stewart) . 

Pulmonary  siderosis.  This  may  be  due  either  to  {a)  iron  or  steel  dust,  or 
(6)  oxide  of  iron  (haematite).  The  former  has  now  practically  disappeared  as 
a  result  of  precautions  adopted,  but  the  latter  is  met  with  in  workers  in.  haematite 
mmes  and  occurs  in  this  country.  The  haematite  lung  is  rusty  brown  and  may 
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be  extensively  fibrosed.  The  fibrous  tissue  is  in  the  form  of  coarse  bands  or 
is  somewhat  diffuse,  but  there  are  localised  denser  areas  wMcli  may  have  a 
hard  consistence.  It  is  a  coarser  fibrosis  than  that  of  asbestosis  and  has  a  less 
distinctly  nodular  character  than  shieosis.  Microscopic  examination  shows 
broad  bands  of  fibrous  tissue  in  which  are  few  cells,  and  also  spreading  fibrosis 
of  finer  type  which  is  of  more  eell'ular  character.  The  haematite  pigment  is  in 
the  form  of  brownish- yellow  granules,  wMch  are  abtmdant  throughout  the 
fibrous  tissue.  Most  of  the  pigment  is  free  and  does  not  gh'e  the  Prussian 
blue  reaction,  but  a  considerable  amount  contained  withm  cells  reacts  positively. 
It  may  be  added  that  the  iron  is  absorbed  from  the  lungs,  probably  in  a  colloidal 
state,  and  carried  to  other  parts  of  the  body,  so  that  a  vaiying  amount  of  siderosis 
of  the  reticulo-endothelial  system  may  result.  Haematite  lungs  contain  a  large 
amount  of  silica  and  this  no  doubt  plays  an  important  part  in  leading  to  the 
fibrous  changes.  Stewart  for  this  reason  calls  the  condition  ^  silico -siderosis.' 
As  in  silicosis,  there  is  a  marked  tendency  to  tuberculosis. 

A  considerable  degree  of  nodular  siderosis  of  the  lungs  is  met  with  in  electric- 
arc  welders,  who  inhale  fumes  consisting  largely  of  iron  oxide.  The  lesions  do 
not  appear  to  pro,gi’ess  beyond  the  stage  of  iiodiilation  and  in  spite  of  marked 
changes  Yusible  on  X-ray  examination  disability  is  usually  slight  (Doig). 

Certain  other  metallic  dusts  encoimtered  in  industry  may  be  \^ery  harmful, 
and  when  inhaled  as  fine  dust  or  fumes  may  cause  an  acute  chemical  pneumonia. 
Manganese,  osmium,  Y^anadium,  cadmium  and  especially  beryllium  now  exten¬ 
sively  used  in  the  manufacture  of  fluorescent  lighting  tubes  ail  may  have  this 
effect.  Beryllium  also  gives  rise  to  remarkable  granulomatous  lesions  resembling 
sarcoidosis  not  only  m  the  limgs  but  also  in  the  skin  and  internal  organs  (Gardner). 

Byssinosis  is  a  chronic  Imig  disease  in  cotton- mill  workers,  characterised  by 
cough,  dyspnma,  occasional  haemoptysis  and  general  malaise.  It  is  thought  to 
be  an  example  of  chronic  bronchitis  with  astlmia  and  emphysema  due  to  dust 
and  allergic  supersensitiveiiess  to  some  protein  in  the  cotton  dust  (Prausnitz). 

Bagassosis  is  the  name  applied  to  a  somewhat  similar  allergic  condition  seen 
in  men  working  with  bagasse,  the  dried  sugar-cane  refuse  used  in  the  manufacture 
of  certain  insulatuig  boards.  Exposure  to  the  dust  results  in  a  rather  chronic 
pneumonia  with  ill-defined  pulmonary  iiifiltratioii  wliieli  slowly  resolves.  ScY^ere 
dyspnoea  is  a  feature,  and  hsemoptysis  may  occur. 


SPECIFIC  CHRONIC  INFECTIONS 

Tuberculosis 

Of  all  the  organs  of  the  body  the  lungs  are  most  frequently  the 
seat  of  tuberculous  lesions.  The  diversity  of  the  lesions  too  is  an 
outstanding  feature  and  in  this  various  factors  are  concerned.  In 
the  first  place,  an  all-important  point  is  the  site  of  muMplicaiion  of 
the  haciUi.  If  they  are  in  the  coimective  tissue  framework  the  lesion 
will  he  initially  of  a  proliferative  type  with  the  formation  of  tubercles, 
often  with  secondary  fibrosis  ;  and  the  bacilli  will  spread  by  the 
lymphatics.  If,  on  the  other  hand,  their  growth  is  in  the  air  vesicles 
the  reaction  is  of  pneumonic  type,  which  is  soon  followed  by  caseation. 
Extensive  spread  of  the  bacilli  by  means  of  the  respiratory  passages 
often  occurs  and  leads  to  such  a  lesion.  It  will  be  readily  understood 
how  both  types  of  lesion  may  be  combined — how  bacilli  may  spread 
from  the  connective  tissue  to  the  air  vesicles  or  vice  versa. 

In  any  infection  the  feature  of  the  resulting  disease  depends  on 
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the  sum-total  of  the  characters  of  the  subject  of  infection,  on  the  one 
hand,  and  of  the  infecting  agent  on  the  other.  This  is  notably  the 
ease  in  tuberculosis  ;  the  ‘  soil  ’  and  the  ^  seed  ’  are  sometimes  spoken 
of.  Tubercle  bacilli  vary  in  virulence  and  their  effects  correspondingly 
vary.  There  is,  further,  the  question  of  their  numbers,  that  is,  the 
dose.  The  defences  of  the  respiratory  passages  may  be  able  to  deal 
successfully  with  a  small  number  of  bacilli,  but  if  a  large  number  are 
discharged  into  the  passages,  e.g.  by  ulceration  of  a  caseous  focus,  the 
defences  may  be  overwhelmed  and  caseating  pneumonia  may  result. 

Pulmonary  tuberculosis  is  a  disease  which  is  strikingly  affected 
by  the  general  condition  of  the  patient.  States  of  lowered  vitality, 
bad  hygiene  or  the  presence  of  other  diseases,  often  lower  the  resistance 
and  lead  to  the  lighting-up  of  a  dormant  lesion  with  rapid  spread  of  the 
disease.  .  For  instance,  if  pulmonary  tuberculosis  occurs  in  a  diabetic 
it  is  usually  of  an  acute  caseating  type.  On  the  other  hand,  the 
converse  conditions  of  favourable  surroundings,  etc.,  may  have  a 
remarkable  effect  in  leading  to  the  arrest  of  the  disease  and  healing 
of  the  lesion.  This  fact  indeed  is  the  basis  of  sanatorium  treatment, 
which  is  so  often  successful. 

So  far  as  the  tissues  of  the  patient  are  concerned,  there  are  also 
the  important  factors  of  immunity  and  allergy.  It  has  now  been 
abundantly  proved  that  in  most  civihsed  communities  infection  by 
the  tubercle  bacillus  is  very  common  at  some  period  of  early  life  and 
that  the  healing  of  the  resulting  lesion,  which  is  often  of  a  slight 
character,  confers  a  varying  degree  of  immunity.  In  this  country, 
for  example,  a  positive  tuberculin  reaction  is  given  by  about  80  per 
cent,  of  the  population.  On  the  other  hand,  infection  has  also  the 
effect  of  leading  for  a  time  to  supersensitiveness  or  allergy  (p.  196), 
and  during  this  period  the  lesions  tend  to  be  intensified  and  to  be 
of  a  caseating  or  exudative  type.  A  healthy  adult,  previously  in¬ 
fected  and  having  a  high  degree  of  immunity,  also  has  a  certain  degree 
of  allergy.  These  conditions  of  acquired  immunity  and  allergy  thus 
play  an  important  part,  but  it  is  often  impossible  to  separate  their 
effects  from  variations  in  natural  resistance  and  susceptibility. 

In  accordance  with  what  has  been  stated,  pulmonary  tuber¬ 
culosis  is  of  two  main  types,  namely,  (a)  that  met  with  in  natural 
conditions  in  the  non-immunised  child,  and  (6)  as  a  re-infection  in 
the  partly  immunised  adult.  Adult  tuberculosis,  however,  is  not 
synonymous  with  t  re-infection  tuberculosis  ’  as  a  certain  propor¬ 
tion  of  adults  have  escaped  infection  during  the  earlier  years  of  life. 
It  has  been  found,  however,  that  in  uncivilised  peoples  and  others 
coming  into  contact  with  infection  for  the  first  time,  the  disease  runs 
a  course  somewhat  similar  to  that  occurring  in  the  young  child  and 
is  often  rapidly  progressive. 

Pulmonary  Tuberculosis  in  the  Child.  Here  we  have  to  do 
with  implantation  of  the  bacOlus  in  what  may  be  called  a  virgin  soil. 
There  is  no  acquired  immunity  or  allergy,  although  there  are  varia- 
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tions  ill  the  natural  resisting  powers.  The  primary  lesion  is  in  the 
form  of  a  localised  area  of  caseating  bronelio-pneiimonia,  at  the  margin 


of  which  tubercle  follicles  are 
generally  present  (Eig.  271).  It 
was  fully  described  by  Ghon  and 
for  this  reason  is  often  spoken 
of  as  the  '  Ghon  lesion.’  It  is 
usually  sub-pleural  in  position, 
and  may  be  met  with  on  the 
surface  of  any  part  of  the  lungs, 
there  being  no  teiidencj^  to  affect 
especially  the  apex.  When  such  a 
lesion  has  formed  the  subsequent 
results  vary  .greatly.  In  the  first 
place  there  may  be  extension  by 
the  lymphatics  to  the  tracheo¬ 
bronchial  nodes,  which  become 
greatly  enlarged,  diffusely  caseous 
and  often  softened  (Eig.  272). 
This  is  generally  regarded  as  an 
allergic  result.  Erom  the  affected 
nodes  spread  of  the  bacilli  to 
the  blood  stream  readily  occurs 
either  by  the  lymphatics  or 
veins  and  death  often  follows  1 


# 


Fig.  271. — ^Tipper  lobe  of  infauf’s 
lung,  showing  the  primary  tuber¬ 
culous  focus  involving  the  pleura  by 
direct  spread,  peribronchial  Ijun- 
pliatic  extension  to  the  hiliim  nodes, 
and  terminal  miliary  tuberculosis. 

direct  ulceration  into  the  large 
:om  miliary  tuberculosis,  usualW 


b 


Fig.  272. — Lung  of  child  with  (a)  primary  lesion  in  right  lower  lobe,  and^  (5) 
and  (c)  enlarged  caseous  tracheo -bronchial  glands  in  relation  to  the  lesion, 
(J.  W.  S.  B.) 


432 


TEXT-BOOK  OF  PATHOLOGY 


attended  tuberculous  meningitis.  Again,  ulceration  of  a  caseous 
node  into  a  main  bronchus  leads  to  rapid  spread  of  the  bacilli 
by  the  air  passages  and  acute  caseatmg  broncho -pneumonia  brings 
about  the  fatal  result.  These  acute  and  serious  results  are  the  more 
apt  to  occur  the  younger  the  child  is.  On  the  other  hand,  a  process 
of  liealhig  may  occur  round  the  primary  lesion.  It  becomes  encapsu¬ 
lated  and  the  caseous  material  becomes  calcified,  and  a  similar  process 
may  occur  in  the  corresponding  caseous  area  in  the  related  lymph 
gland  (Fig.  273).  It  is  noteworthy  that  in  both  situations  calcification 


Fig-,  273. — ^Primary  lung  focus  of  tuberculosis,  showing  well-marked  ealcificatioii 
of  the  sub-pleural  lesion  and  of  the  tracheo -bronchial  lymph  nodes.  Nat.  size. 

may  be  followed  by  ossification.  Such  calcified  lesions  can  be  readily 
found  by  X-ray  examination  and  this  method  has  been  of  great  service 
in  the  study  of  the  disease.  The  course  of  events  after  the  primary 
infection  of  the  lung  depends  on  the  resisting  powers,  which  usually 
increase  with  the  age  of  the  child,  healing  becoming  more  common 
as  the  years  go  on.  It  also  varies  in  different  localities.  In  Glasgow, 
according  to  BracMock,  in  young  children  under  three  years  the  disease, 
once  lesions  have  become  manifest,  is  usually  fatal  within  a  short 
time  of  onset,  either  from  the  extent  of  the  pulmonary  lesions  or 
often  from  tuberculous  meningitis.  In  a  wide  experience,  he  has  only 
once  seen  a  healed  tuberculous  lesion  without  evidence  of  further 
spread  in  a  ctdld  under  three  years  of  age.  At  a  later  period  of 
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cMidliood  primary  pulmonary  tuberculosis  becomes  less  acute.  Erdm 
published  accounts  of  the  disease  as  met  with  in  children  elsewhere, 
however,  it  "would  appear  that,  notably  in  Germany  and  America, 
healing  of  the  primary  lesion  at  an  early  age  is  much  more  frequent. 

It  may  be  added  that  in  nearly  all  cases  of  pulmonary  tuber¬ 
culosis  in  the  human  subject  the  bacillus  is  of  the  human  type, 
though  in  Scotland  almost  6  per  cent,  are  due  to  infection  "with  the 
bovine  type  of  bacillus. 

Pulmonary  Tuberculosis  in  the  Adult.  Here  by  far  the 

commonest  site  of  the  primary  lesion  is  the  apex  of  the  lung,  or  rather 
a  short  distance  below  the  extreme  apex,  the  right  lung  being  the 
more  frequently  affected.  Such  a  lesion  is  now  generally  regarded 
as  representing  a  re-infection.  A  state  of  venous  congestion  appears 
to  have  a  defensive  effect,  and  it  is  a  striking  fact  that  tuberculosis 
scarcely  ever  occurs  in  cases  of  mitral  stenosis.  The  lesion  in  the 
apex  is  usually  in  connection  "with  a  minute  bronchus,  and  a  small 
focus  of  reaction  is  set  up  in  the  mucosa  through  wRich  the  bacilli 
are  probably  transported  b}^  leucocytes.  Thence  the  bacilli  gain  access 
to  the  hunphatics  at  an  early  period  and  spread  along,  them,  giving 
rise  to  lymphatic  tubercles.  Thereafter  the  lesion  may  undergo  healing 
or  may  become  the  seat  of  a  chronic  ulcerative  process  with  excavation, 
which  leads  to  the  characteristic  apical  phthisis  of  the  adult.  There¬ 
after  other  complications  may  follow. 

Just  as  in  the  case  of  the  pneumonias,  so  also  with  the  varieties 
of  tuberculous  invasion  the  modes  of  spread  rather  than  the  histo¬ 
logical  features  should  be  taken  as  the  basis  of  classification.  In 
accordance  with  this  principle  the  various  lesions  will  be  considered 
as  follows  : — 

(1)  By  the  lymphatics,  (a)  Chronic  tubercle^  and  (5)  Chronic  tubercle 
ivith  excavatiofi — ‘  Chronic  phthisis  J 

(2)  By  the  air  passages,  (a)  Tuberculous  broncho-pneumonia.,  and 
(6)  Caseating  pneumonia  with  excavation — '  Acute  phthisis J 

(3)  By  the  blood  stream,  (a)  .Acute  miliary  tuberculosis.  To 
this  may  be  added  (b)  Localised  metastatic  tubercle — secondary  to 
lesions  elsewhere. 

1.  (a)  Chronic  Lymphatic  Tubercle. 

This  is  the  lesion  produced  by  a  few  bacLlli  settling  in  a  portion 
of  the  framework  of  the  lung  and  then  slowly  infectiag  adjacent 
parts.  As  has  been  said,  it  is  the  common  initial  lesion  of  re-infection 
in  adults,  and  apical  in  position  as  a  rule.  Tubercles  usualy  occur 
in  small  gi*oups  in  relation  to  the  bronchi,  and  they  have  a  greyish- 
white  or  yellowish  colour,  whilst  at  the  periphery  there  is  often  an 
accumula-fcion  of  carbon  pigment  (Fig.  274).  They  are  comparatively 
firm  to  the  touch,  and  there  is  often  a  considerable  amount  of  fibrosis 
in  the  neighbourhood.  A  number  of  them  may  have  become  confluent 
and  undergone  caseation  in  the  centre.  Mcroscopic  examination 
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shows  tliat  the  earliest  change  is  the  formation  of  chronic  tubercle 
nodules,  usually  comprising  several  giant-cell  systems  (Fig.  274),  and 
in  the  nodules  the  elastic  tissue  of  the  lung  has  disappeared.  These 
nodules  are  chiefly  in  the  peribronchial  connective  tissue,  and  there 
may  be  little  or  no  reaction  in  the  air  vesicles  around  ;  or  some  con- 
sohdatioii  may  be  present.  Not  infrequently  a  bronchus  becomes 
invaded,  its  wall  undergoing  caseation  and  its  lumen  being  blocked 
by  caseous  material.  The  lesion  may,  therefore,  be  regarded  as  a 
slowly  spreading  l^miphatic  tubercle  with  occasional  implication  of 
the  lumina  of  the  bronchioles  and  air  vesicles. 

During  the  development  of  tuberculous  lesions  in  the  lungs, 
hemoptysis  is  not  uncommon  ;  in  fact,  it  is  sometimes  the  earliest 
sign  of  the  disease.  The  hemorrhage  is  usually  comparatively  slight, 
though  sometimes  a  small  quantity  of  almost  pure  blood  may  be 
expectorated.  It  is  apparently  due  to  erosion  of  some  of  the  smaller 

vessels,  and  is  to  be  distinguished 
from  the  larger  and  more  serious 
hemorrhage  from  a  cavity  in  the 
later  stage  of  the  disease,  some¬ 
times  a  result  of  rupture  of  a 
pulmonary  aneurysm  (p.  314). 
Another  frequent  early  manifesta¬ 
tion  of  pulmonary  tubercle  is 
serous  effusion  into  a  pleural  sac. 

Whilst  such  changes  may  pro¬ 
gress  and  lead  to  the  next  stage, 
viz.  excavation,  heahng.  is  the 
more  usual  result,  as  is  shown  by 
the  frequent  occurrence  of  scars, 
which  vary  according  to  the 
stage  reached.  There  may  be 
only  a  slight  puckering  at  one 
or  both  apices  with  some  adhesion  of  the  pleura,  or  there  may  be  an 
encapsulated  caseous  or  calcareous  patch,  or,  again,  there  may  be  a 
small  cicatrised  cavity.  Such  signs  of  old  tuberculosis  are  very 
common  in  the  lungs  of  patients  who  die  from  other  causes.  Apical 
tubercle  is  very  rare  before  the  age  of  ten  years ;  thereafter  it 
gradually  increases  in  frequency. 


Fig.  274. — Chronic  lymphatic  tubercle 
of  apex  of  lung. 

Note  the  collections  of  grey  tubercles  without 
cavity  formation,  x  |. 


1.  (6)  Chronic  Tubercle  with  Excavation — ‘  Chronic  Phthisis, 

As  already  said,  this  follows  localised  lymphatic  tubercle,  usually 
at  the  apex  of  one  or  both  of  the  lungs,  though  sometimes  in  other 
parts.  A  small  bronchus,  surrounded  by  chronic  tubercle  nodules,  may 
become  invaded,  and  its  lumen  may  be  filled  up  with  caseous  material, 
which  may  then  become  discharged  by  the  bronchus,  a  small  cavity 
resultmg.  The  same  process  going  on  in  other  parts  leads  to  for¬ 
mation  of  farther  cavities,  apd  these  afterwards  become  confluent. 
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Fig.  ”  275.  —  Chronic  pulmonary  tu¬ 
bercle,  sho'wing  a  nodule  composed 
of  several  follicles,  sharply  demar¬ 
cated  from  the  sTirrounding  tissue. 
X  45. 


Cavity  formation  of  this  type  is  thus  a  slow  ulceration  of  tissue  already 
invaded  by  the  tubercles.  The  bacilli,  by  their  spread  along  the 
neighbouring  Ijunphatics,  give  rise 
to  further  nodules  which  become 
involved  in  the  ulcerative  process, 
as  may  also  small  patches  of 
caseating  pneumonia.  Such  a 
process  may  advance  very  slowly, 
and  there  is  then  a  great  over¬ 
growth  of  fibrous  tissue,  not  only 
around  the  cavities  but  also  in 
a  diffusely  spreading  manner.  In 
this  wa}",  a  shriiikiiig  of  the  lung 
is  of  common  oecinrence,  and. 
bronchiectasis  maybe  superadded. 

Ill  fact,  bronchiectatic  cavities 
with  red  vascular  fining  are  often 
found  along  with  phthisical 
cavities  whose  walls  are  covered 
with  caseous  material.  Ulti¬ 
mately,  a  cavity  may  reach  a 
very  large  size,  and  may  occupy  a  considerable  portion  of  the  upper  lobe 

(Fig.  27 6 ) .  The  walls  of  the  chronic 
cavities  are  somewhat  irregular 
and  present  raised  bands,  which 
represent  obliterated  blood  vessels 
and  other  structures  which  have 
more  resistance  than  the  rest  of 
the  tissue.  In  very  clironic  cases 
their  lining  may  be  comparatively 
smooth,  but  there  is  usually 
adherent  caseous  material,  or 
there  may  be  giumous  debris  with 
sometimes  an  admixture  of  blood. 
The  contents  of  the  cavities  have 
as  a  rule  no  putrid  odour,  and 
the  organisms  present  along  with 
the  tubercle  bacilli  are  chiefly  of 
the  pyogenic  class  ;  they  aid  the 
ulcerative  process,  while  their 
toxins  play  a  part  in  increasing 
the  cachexia.  Although  the  pul¬ 
monary  vessels  usually  become 
obliterated  before  the  ulcerative 
process  reaches  their  interior,  this 
may  not  happen.  On  the  .contrary,  the  wall  of  an  artery  may 
he  weakened  when  the  vessel  still  contains  blood,  and,„an  aneurysm 


Fig.  27 6 . — Chronic  pulmonary  pFtHsis. 

A  large  irregular  cavity  occupies  upper  lobe 
and  several  smaller  cavities  are  present  in  lower. 
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may  result.  A  pulmonary  aiieurj^sm  may  be  of  the  size  of  a  pea 
or  even  of  a  cherr^y  and  give  rise  to  serious,  sometimes  fatal  hemor¬ 
rhage  by  its  rupture.  It  is  a  fact  of  importance  that  caseation  in 
the  related  lymph  nodes  is  hardly  ever  present  as  a  result  of  chronic 
fibro- caseous  phthisis. 

In  some  cases,  the  spread  of  the  disease  is  so  slow,  and  is 
accompanied  by  so  much  overgrowth  of  fibrous  tissue,  that  the 
tuberculous  nature  of  the  lesion  may  largely  be  obscured.  In  such 
circumstances,  the  disease  appears  as  a  chronic  fibrosis  with  much 
pigmentation,  cavity  formation  of  very  chronic  nature  and  also 
bronchiectasis.  To  such  a  condition  the  term  fibroid  phthisis  has  been 
apphed. 

In  ordinary  chronic  phthisis  the  spread  of  the  disease  is  compara¬ 
tively  slow,  and  in  spite  of  the  presence  of  caseous  material  containing 
tubercle  bacilli  in  the  bronchial  passages,  caseating  pneumonia  does 
not  occur  because  the  resistance  of  the  patient  is  comparatively  good 
and  the  number  of  bacilli  is  usually  small.  If  at  any  time  there  should 
occur  a  rapid  diffusion  of  large  numbers  of  bacilli  by  the  air  passages, 
as  may  happen  when  a  caseous  focus  suddenly  discharges  into  a 
bronchus,  the  patient’s  resistance  may  be  overcome  and  a  caseatuig 
pneumonia  supervene.  It  is  not  uncommon  to  find  the  latter  in  the 
lower  parts  of  the  lungs,  whilst  chronic  cavity  formation  is  present 
in  the  upper  lobes.  Such  an  event  is  prone  to  occur  if  the  patient 
with  chronic  phthisis  is  debilitated  by  intercurrent  disease,  e.g. 
influenza,  diabetes,  etc.,  or  by  over-work  and  unfavourable  environ¬ 
mental  conditions. 

2.  (u)  Tuberculous  Broncho-pneumonia,  and  (6)  ^  Acute  Phthisis.' 

These  lesions  are  produced  by  dissemination  of  tubercle  bacilli 
by  means  of  the  air  passages.  They  are  essentially  similar  in  nature, 
the  term  acute  phthisis  being  used  when  there  is  rapid  caseation 
with  cavity  formation.  The  bacilli  thus  distributed  may  be  derived 
from  the  breaking  down  of  any  local  tuberculous  lesion  in  the  lung, 
or  they  may  be  set  free  by  the  ulceration  of  a  caseous  lymphatic 
gland  into  a  bronchus.  In  the  latter  event,  which  is  not  uncommon 
in  children,  widespread  infection  by  the  air  passages  may  occur 
within  a  short  time  and  the  resulting  pulmonary  disease  has  a  rela¬ 
tively  acute  character  from  the  outset. 

In.  tuberculous  broncho-pneumonia  both  lungs  are  usually  affected, 
although  one  is  often  involved  to  a  greater  extent  than  the  other. 
The  lung  tissue  is  studded  with  numerous  small  patches,  which  are 
arranged  in  groups  or  clusters  round  the  terminal  bronchi.  These 
patches  have  a  dull  yellowish  colour  in  the  centre  and  are  of  com¬ 
paratively  firm  consistence.  Consohdated  areas  of  considerable  size 
may  be  formed  by  their  confluence.  If  a  small  caseating  area  be 
exammed  microscopically,  it  is  found  usually  to  show  in  the  centre 
a  small  bronchus  with  caseous  wall,  plugged  with  caseous  material. 
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and  around  this  an  area  of  dense  caseous  consolidatioil,  both  the  walls 
of  the  air  vesicles  and  their  contents  being  merged  in  the  caseous 
change.  Further  out,  reactive  change  is  seen  within  the  air  vesicles, 
in  which  are  numerous  rounded  catarrhal  cells,  which  often  contain 
fatty  globules.  The  tubercle  bacilli,  after  reaching  a  minute  bron¬ 
chiole,  may  thus  be  said  to  produce  broncho-pneumonic  consolidation 
which  is  followed  by  caseation. 

In  acute  phthisis  we  have  corresponding  changes,  but  on  a  more 
extensive  scale.  Large  areas  of  the  lungs  may  contain  caseous  patches 
of  considerable  size,  which  are  usually  most  abundant  in  the  lower  parts 


Fig.  277. — Acute  phthisis  at  comparatively  e.arly  stage,  showing  numerous 
patches  of  caseous  pneumonia  in.  lower  lobe, 

(Fig.  277).  These  are  manifestly  of  pneumonic  nature.  In  the  central 
parts,  the  caseous  material  becomes  softened,  and  cavities  in  various 
stages  of  formation  may  he  present.  The  walls  of  these  are  very 
ragged  and  are  lined  by  the  remains  of  the  air  vesicles,  the  contents 
being  caseous  fragments  and  grumous  material.  Microscopic  ex¬ 
amination  shows  that  the  lesions  are  essentially  of  the  same  nature 
as  in  tuberculous  broncho-pneumonia,  but  the  affection  is  more 
severe  and  is  often  attended  by  a  considerable  amount  of  fibrinous 
exudation  in  addition  to  the  catarrhal  change  (Fig.  278).  The  elastic 
tissue  persists  for  a  considerable  time  in  the  caseous  alveolar  walls, 
but  afterwards  becomes  broken  up  in  the  process  of  cavity  formation, 
and  accordingly  may  be  found  in  the  sputum.  In  the  formation  of 
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carities  iii  acute  phthisis  we  may  thus  say  that  there  are  three  stages, 
namely :  (1)  pneumonic  consolidation ;  (2)  difiuse  caseation  of 

the  affected  areas ;  and  (3)  the  breaking  do\ra  or  excavation  of  the 
caseous  material.  Sometimes  large  areas  of  the  lung  may  be  im¬ 
plicated  in  the  caseous  process,  the  appearance  thus  resembling 
more  a  tuberculous  lobar  pneumonia.  Occasionally,  a  localised 
portion  of  lung  may  undergo  necrosis  and  form  a  soft  slough,  and 
when  this  involves  the  pleura,  perforation  and  pneumothorax 
may  result.  These  acute  destructive  changes  are  specially  met 
with  ill  those  in  whom  immunity  has  not  been  previously  hiduced 
as  the  result  of  healuig  of  a  primary  lesion.  In  such  persons  also 
lesions  like  those  in  primary  tuberculosis  in  the  child  may  occur. 

In  phthisis,  both  acute  and  chronic,  tuberculous  ulcers  are  often 
set  up  in  the  intestines  by  bacilli  in  the  sputum  which  has  been 
swallowed.  Tuberculosis  of  the  larynx  (p.  386),  likewise  produced 
by  direct  infection  from  the  sputum,  is  a  serious  complication  seen 
in  a  proportion  of  cases.  Amyloid  degeneration  also  may  occur  both 
in  the  intestines  and  other  organs.  In  the  former  it  gives  rise  to  a 
profuse  watery  diarrhoea. 

The  chief  symptoms  in  pulmonary  tuberculosis,  in  addition  to  cough, 
hgemoptysis,  etc.,  are  advancing  emaciation  and  asthenia  with  night 

sweats,  a  varying  amount 
of  secondary  anaemia  and 
pyrexia  of  irregular  type.  They 
are  produced  by  the  toxins 
of  the  tubercle  bacillus  aided 
by  those  of  pyogenic  and  other 
organisms  present  in  the  lesions, 
and  are  most  marked  when 
caseation  and  excavation  are 
advancing. 

3.  [a)  Acute  Miliary  Tuber¬ 
culosis. 

This  is  properly  not  a 
disease  of  the  lungs,  but  a 
part  of  an  acute  general  tuber¬ 
culosis,  and  occurs  when  a 
considerable  number  of  baciUi 
gain  entrance  to  the  blood 
stream.  The  modes  by  which 
this  is  brought  about  have  already  been  considered  (p.  91).  It 
is  to  be  noted  that  in  miliary  tuberculosis  the  nodules  in  the  lungs 
are  usually  more  numerous  than  in  any  other  organ.  Both  lungs 
are  usually  equally  involved  and  are  beset  with  numerous  small 
greyish  nodules  (Fig.  279),  though  sometimes  they  are  larger  and 
yellowish.  They  may  be  so  small  as  to  be  just  visible  to  the 
naked  eye,  or  may  be  of  the  size  of  a  pin-head.  They  are  often 


phthisis,  showing  the  characteristic 
consolidation  with  diffuse  caseation  of 
the  alveoli  and  their  contents.  X  30. 
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more  numerous  and  of  rather  larger  size  in  the  upper  lobes  than 
in  the  lower.  Microscopically,  the  lesion  is  found  to  consist  of  a 
growth  of  minute  tubercles  in  the  framework  of  the  lungs,  especially 
in  the  peribronchial  connective  tissue  and  septa  (Fig.  280).  Each 
nodule  starts  from  a  capillary  and  the  proliferation  is  primarily 


Fig.  279. — Acute  miliary  tuberculosis  of  lung. 

Note  the  small  pale  aodales  scattered  through  its  siihstance.  Nat.  size. 


interstitial,  but  it  is  soon  followed  by  catarrhal  changes  and 
consolidation  in  a  ring  of  air  vesicles.  Coagulative  necrosis^  then 
follows  in  the  centre  of  the  areas.  There  may  also  be  formation  of 
giant- cells,  but  in  very  acute  cases  this  may  be  absent.  Occasionally, 
just  as  in  the  spleen,  the  lesion  is  less  acute,  and  the  nodules  are 
less  numerous,  of  larger  size,  and  of  a  yellow  caseous  appearance. 
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Such  a  condition  will  result  when  a  smaller  number  of  bacilli  gain 
access  to  the  blood  stream.  It  may  be  added  that  in  acute  miliary 
tuberculosis,  even  although  there  is  no  breaking  down  of  the  lesions, 
tubercle  bacilli  may  be  found  in  the  sputum,  though  in  small 
numbers.  Usually,  how’ever,  none  can  be  detected. 


Fig.  280. — Section  of  lung  in  acute  miliary  tuberculosis,  showing  two 
small  well-circumscribed  nodules.  X  40. 

3.  {b)  localised  Metastatic  Tubercle. 

la  tuberculous  infections  in  various  situations,  not  infrequently  a 
few  tubercle  bacilli  gain  access  to  tire  blood  stream  and  are  carried  to 
distant  parts,  where  they  give  rise  to  localised  tubercle.  This  is 
Well  seen,  for  ,  example,  in  the  case  of  the  brain,  bones,  kidneys,  and 
other  organs.  That  secondary  tubercle  in  the  lung  may  be  produced 
ill  this  way  cannot  be  doubted,  and  in  view  of  the  susceptibility  of 
the  pulmonary  tissue,  it  is  probably  so  produced  fairly  often.  In  such 
cases  the  effect  will  vary  according  to  the  conditions  above  described, 
being  chiefly  healing  or  extension. 

The  Pletje^  m  Pulmonary  Tuberculosis. 

In  tubercle  of  the  lungs  the  pleural  cavities  are  affected  in  various 
ways.  At  a  very  early  stage  of  localised  disease  tubercles  may 
form  in  the  visceral  pleura,  and  there  may  be  an  extensive  effusion 
into  the  affected  pleural  sac.  .  The  fluid  is  usually  clear  and  the  cells 
in  it  are  scanty  and  mainly  lymphocytes,  whereas  in  dropsical  effusions 
of  cardiac  disease,  there  is  usually  a  large  proportion  of  desquamated 
endothelial  cells.  In  many  cases  no  tubercle  bacilli  can  be  found, 
but  the  presence  of  a  fluid  with  the  characters  described  is  suggestive 
of  a  tuberculous  lesion.  Sometimes  the  exudate  is  sero -fibrinous 
and  there  may  be  some  admixture  of  blood.  The  common  result 
in  chronic  lesions  is  thickening  and  adhesion  of  the  pleuraT  layers 
in  relation  to  the  part,  and  in  very  chronic  cases  the  thickening  may 
reach  a  high  degree.  Owing  to  such  adhesions,  perforation  into  the 
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pleural  sac  is  iincommoiij  even  when  many  caTities  are  present  ;  but 
in  acute  phthisis  a  necrotic  patch  in  the  lung  may  rapidly  involve 
the  pleura  and  cause  pneumothorax,  which  is  usually  attended 
by  inflammation  and  suppuration — pyo-pneumothorax.  Apart  from 
actual  perforation,  pyogenic  organisms  occasionally  invade  the 
pleural  cavity  and  give  rise  to  an  empyema.  Extension  of  tubercle 
to  the  parietal  layer  of  the  pleura  is,  on  the  whole,  somewhat 
uncommon,  but  occasionally  bacilli  gain  access  ,to  the  cavity  (as 
may  occur  from  a  tuberculous  rib  or  vertebra),  and  there  may  be 
an  eruption  of  tubercles  on  both  layers  :  sometimes  they  are  of 
considerable  size.  This  is  often  attended  by  fibrinous  exudation, 
and  there  may  result  great 
thickening  'of  the  pleural 
layers,  whilst  between 
them  there  is  a  collection 
of  caseous  material — that 
is,  a  chronic  tuberculous 
pleurisy  in  the  strict 
sense  (Eig.  281).  At  a 
later  period  there  may  be 
calcification. 

Syphilis 

The  S3rphilitic  lesions 
of  the  lungs  correspond 
in  a  general  way  with 
those  in  the  fiver,  but 
are  less  frequent.  In  the 
congenital  form,  the  chief 
lesion  is  an  interstitial 
pneumonia  of  the  cellular 
type.  This  occurs  mainly 
in  the  peribronchial  and 
perivascular  regions,  but 
it  may  extend  diffusely 
and  involve  large  areas, 
and  practically  the  whole 
pulmonary  tissue  may  be 
affected.  In  such  condi- 
tions,  the  lungs  are  pale  and  tough  and  contain  comparatively  little 
air  ;  the  term  pneumonia  alba  has  been  applied.  The  alveoli  are 
of  small  size  and  many  of  them  are  lined  by  a  cubical  type  of 
epithelium,  whilst  the  small  bronchi  may  undergo  dilatation.  Catar¬ 
rhal  changes  are  frequently  siqKradded.  The  diffuse  nature  of  these 
lesions  is  related  to  the  large  number  of  spiroelisetes  in  the  pulmonary 
tissue.  Gummata  also  may  he  present,  and  occasionally  these  reach 
a  considerable  size.  In  the  acquired  syphilis  of  the  adult,  gummata 


Fig.  281. — Chronic  tuberculous  pleurisy,  show- 

ing  enormous  thiekening  of  pleural  layers 
with  caseous  material  'between,  X  f- 
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ill  the  lungs  are  rare.  They  show  the  usual  characters  and  tend  to 
undergo  absorption  so  that  cicatrices  result.  There  is  little  doubt 
that,  as  in  the  liver,  fibrous  bands  and  diffuse  fibrosis  may  be  pro¬ 
duced  by  syphilis,  but  it  is  often  difficult  to  be  certain  that  examples 
of  such  changes  are  of  syphilitic  nature.  Syphilitic  lesions  in  the 
adult  are  commoner  m  the  lower  lobes  than  elsewdiere. 


THE  FLEUBM 

A  number  of  affections  of  the  pleurae  have  been  incidentally 
described,  but  others  have  to  be  added.  Effusion  of  serous  fluid 
into  the  pleural  cavities,  resulting  in  hydrothorax,  is  of  common 
occurrence  as  a  transudate  in  cardiac  and  renal  cases  ;  both  pleural 
cavities  are  generally  affected.  It  may  also  be  produced  by  tumours 
or  other  lesions  at  the  root  of  the  lung,  which  interfere  with  the  lymph 
flow.  The  presence  of  fibrous  adhesions  will  prevent  the  accumulation, 
and  when  these  are  on  one  side,  the  corresponding  lung  is  usually  more 
oedematous  than  the  other.  Hsemothorax,  or  a  collection  of  blood  in  a 
pleural  cavity,  is  usually  the  result  either  of  trauma,  e.g.  a  perforating 
wound  of  the  lung  or  severe  fracture  of  ribs,  or  it  is  produced  by  rupture 
of  an  aneurysm.  In  some  such  cases  the  pleural  cavity  may  be  dis¬ 
tended  with  blood  and  coagulum,  and  the  lung  is  correspondingly 
compressed.  The  association  of  haemorrhage  with  pleurisy  will  be 
referred  to  below. 

j  Acute  Pleurisy.  The  pleural  cavity  may  be  infected  ^  Qrganisins_ 
in  various  conditions.  In  one  group  of  cases  there  is  extension  of 
organisms  from  some  other  inflammatory  lesion,  either  in  the  lungs 
or  in  the  neighbourhood  ;  and  in  the  other  group  the  infection  is 
by  the  blood  stream.  Pleurisy  occurs  whenever  an  inflammatory 
lesion  of  the  lungs  reaches  the  surface — for  example,  in  acute  lobar ^ 
pneumonia,  abscess,  gangrene,  septic  infarction,  etc.  Sometimes  it 
is  the  result  of  actual  perforation,  but  more  frequently  the  bacteria 
spread  by  the  lymphatics.  It  may  foUow  also  as  an  extension  from^ 
pericarditis,  peritonitis,  periostitis  of  ribs,  and  it  may  be  set  up  by  a 
hepatic  or  subphrenic  abscess,  either  by  perforation  of  the  abscess 
or  by  lymphatic  spread  of  organisms.  Gastric  ulcer,  ulcerating 
carcinomata  of  oesophagus,  of  bronchi,  etc.,  may  likewise  lead  to 
infection  of  the  pleura.  Pleurisy  may  occur  also  secondarily  to 
tumour  growths  in  the  lungs  and  pleurae.  Acute  pleurisy  is  met  with 
m  rheumatism,  Bright’s  disease,  septicaemias  and  infective  fevers, 
scurvy,  etc.  T^e  exud^e^in,„.plexirisy  varies  greatly  in  character. 
It  may  be  chieflyffflrmOTLS— '  dry  pleurisy  ’  ;  sero -fibrinous — pleurisy 
with  effusion  ’ ;  purulent,  haemorrhagic,  or  even  of  putrid  or  gan¬ 
grenous  type.  The  characters  depend  mainly  on  the  organisms  present. 
Thus  pleurisy  occurring  in  rheumatism  or  due  to  the  pneumococcus 
is  usually  fibrinous  or  sero-fibrmous,  though  the  exudate  caused  by 
the  latter  organism  sometimes  assumes  a  purulent  character  and 
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empyema  results.  In  streptococcal  and  stapliylococcal  infectioiiSy 
exudate  is  usually  purulent,  wliilst  in  tlie  putrid  type  a  great  variety 
of  organisms,  botli  cerobic  and  anaerobic,  m,ay  be  present.  As  in  the 
pericardiiinij  a  haemorrhagic  effusion  is  seen  especially  in  scurvy  and 
in  invasion  of  the  cavity  by  iiialigiiant  , growths. 

The  results  vary  according  to  the  nature  of  the  exudate.  Serous 
and,  to  a  certain  extent,  fibrinous  exudate  may  undergo  absorption, 
but  in  the  latter,  a  process  of  organisation  is  usually  involved,  and 
this  will  he  in  proportion  to  the  amount  and  density  of  the  fibrin. 
When  suppuration  has  occurred  the  pus  tends  to  increase  in  amount 
and  sometimes  forms  an  enormous  empyema,  the  lung  becoming 
collapsed  against  the  side  of  the  vertebral  column.  A  layer  of  granula¬ 
tion  tissue  then  forms  on  the  pleural  surfaces,  and  this  is  followed 
by  fibrous  change  in  the  layers.  At  the  - same  time,  fibrosis  is  apt  to 
extend  into  the  collapsed  lung.  When  these  changes  have  occurred 
the  proper  expansion  of  the  lung  is  no  longer  possible,  and  hence  it 
is  of  great  imi3ortance  that  empyema  should  be  treated  before  the 
changes  involvhig  permanent  collapse  have  taken  place.  If  the 
empyema  is  of  comparatively  small  size,  its  contents  may  he  absorbed 
or  changed  into  a  small  collection  of  inspissated  material ;  great 
pleural  thickening,  sometimes  follow^ed  by  calcification,  is  apt  to  occur. 

Chronic  pleurisy,  leading  to  pleural  adhesions.,  may  follow  the 
forms  of  acute  pleurisy  mentioned  above,  or  may  be  the  result  of 
chronic  pulmonary  lesions  such  as  silicosis,  tuberculosis,  etc.,  as  already 
described.  We  may  say  that  from  one  cause  or  another  the  presence 
of  some  pleural  adhesion  is  the  rule  after  middle  adult  life. 

Pneumothorax.  This  condition  is  produced  by  the  entrance  of 
air  or  gas  into  the  pleural  cavity  and  is  usually  the  result  of  some 
breach  of  continuity  of  the  lung  substance.  Thus  it  may  occur 
secondarily  to  abscesses  of  the  lung  or  gangrenous  patches,  and  also 
to  tuberculous  lesions,  especially  when  they  are  of  the  acute  caseating 
variety.  Pneumothorax  is  relatively  uncommon  in  tuberculosis, 
nevertheless  the  great  prevalence  of  the  latter  m.akes  it  the  most 
frequent  cause  of  pneumothorax.  In  the  conditions  mentioned,  the 
pleural  cavity  becomes  infected  with  pyogenic  and  sometimes  with 
putrefactive  organisms,  and  pleurisy  followed  by  suppuration  is  the 
common  result,  the  condition  being  then  caEed  pyo-pneumothorax. 
The  lung  becomes  greatly  collapsed  unless  adhesions  are  present,  and 
the  changes  described  above  in  connection  with  empyema  may  follow. 
Occasionally  pneumothorax  may  occur  suddenly  in  an  apparently 
healthy  individual.  The  air  usually  undergoes  rapid  absorption  with¬ 
out  any  untoVard  effects.  It  is  not  possible  to  state  definitely  the 
cause  of  the  pneumothorax  in  such  cases,  but  it  is  probably  the 
rupture  of  an  emphysematous  bulla.  Similarly  air  may  gain  entrance 
from  the  rupture  of  an  emphysematous  bulla  of  the  interstitial  variety, 
as  sometimes  happens  in  whooping-cough.  Pneumothorax  may  also 
be  the  result  of  injury,  e.g.  a  pmictured  wound  of  the  chest,  or  lacera- 
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tion  of  tlie  lung  from  a  fractured  rib.  In  such  conditions  there  may 
no  bacterial  infection  of  the  pleura,  and  if  healing  of  the  wound 
in  the  lung  occurs,  the  air  in  the  pleura  rapidly  becomes  absorbed. 
Cases  have  been  recorded  in  which  the  opening  into  the  pleura  has 
been  of  small  size  and  has  admitted  the  entrance  but  not  the  exit  of 
air  ;  great  distension  of  the  pleural  cavity-  with  much  displacement 
of  the  heart  has  residted.  In  rare  cases  gas  gains  access  to  a  pleural 
cavity  as  a  result  of  perforation  from  an  ulcerative  process  in  the 
stomach  or  intestines. 

TuMOimS  OF  THE  LUNGS  AND  PLEHHiE 
In  the  lungs,  simple  growths  such  as  fibroma,  leiomyoma  and 
chondroma  have  been  described,  but  they  are  all  very  rare.  Bronchial 
adenoma  is  less  rare,  forming  about  6  per  cent,  of  bronchial  neoplasms 
(Willis)  ;  it  occurs  mostly  in  young  persons  and  is  about  equally  dis¬ 
tributed  between  the  sexes.  This  tumour  is  of  clinical  importance 
because  it  usually  projects  into  the  lumen  as  a  pedunculated  mass 
which  causes  partial  obstruction,  with  bronchiectasis  and  sometimes 
haemoptysis.  Extension  through  the  bronchial  wall  is  the  rule,  so 
that  the  intra-luminal  portion  is  the  smaller  part  of  the  growdh  ; 
endoscopic  resection  is  therefore  not  practicable.  In  our  own  series, 
most  bronchial  adenomata  have  been  solid  trabecular  growths  not 
unlike  '  carcinoid  ’  tumours  of  the  intestine,  but  they  do  not  give 
the  argentaffin  reaction ;  in  some  a  more  glandular  architecture  is 
found,  but  this  is  less  common.  It  is  not  always  easy  to  make  the 
diagnosis  from  fragments  removed  endoscopically,  and  the  wholly 
benign  character  of  such  tumours  is  not  certain,  for  example,  w^e  have 
seen  a  typical  tracheal  tumour  of  this  kind  terminate  with  extensive 
metastases. 

Carcinoma  is  by  far  the  commonest  primary  tumour  of  the  lungs. 
It  usually  takes  origin  from  one  of  the  main  bronchi  at  the  root  of 
the  lung,  less  frequently  from  a  bronchus  in  the  substance.  It  may 
also  possibly  arise  from  the  lung  alveoli,  but  if  so  this  type  cannot 
be  distinguished  wdth  cerlainty.  Bronchial  carcinoma  is  more  often 
found  on  the  right  side,  and  in  our  necropsy  reports  the  incidence  in 
males  is  about  four  times  that  in  females.  Considerable  attention 
has  been  given  in  late  years  to  the  incidence  of  cancer  of  the  lung  and 
most  figures  indicate  a  striking  increase,  indeed  it  is  now  one  of  the 
commonest  forms  of  cancer  in  our  own  post-mortem  room.  The  real 
increase  is  probably  not  so  great  as  is  often  supposed  owing  to  a 
selection  of  cases  in  hospital.  It  is  to  be  noted,  however,  that  the 
‘  oat-celled  carcinoma  ’  (Fig.  282)  was  formerly  classified  as  a  sarcoma, 
No  definite  relation  to  chronic  conditions  such  as  tuberculosis,  silicosis, 
etc.,  has  been  established  but  the  greater  frequency  in  males  suggests 
some  external  environmental  factor.  The  first  recognised  industrial 
lung  cancer  was  that  occurring  amongst  the  workers  in  the  Schneeberg 
cobalt  mines  in  Saxony.  It  is  improbable  that  the  cobalt  itself  is 
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the  carcinogenic  agent  and  it  is  almost  certain  that  radio-active  sub¬ 
stances  are  concerned.  Eecentty  Machle  and  Gregorius  have  shown,, 
that  workers  in  the  chromate  iiidustr}-  also  have  an  abiiormaHv  high 
death  rate  from  lung  cancer.  These  industrial  hazards  can,  however, 
have  little  hearing  on  the  rising  incidence  of  lung  cancer  reported  fi?oin 
most  centres.  This  rise  appears  to  have  affected  Iceland  to  a  notably 
less  degree  than  Great  Britain,  and  it  has  been  suggested  that  cigarette 
smoking  over  a  long  period  may  he  a  contributory  factor.  If  this  be 
so,  the  present  striking  difference  hi  the  sex  incidence  should  disappear 
in' a  few  years.  It  has  been  shown  experimentally  that  exposure  to 
certain  dusts,  especially  in  combination  with  tar,  raises  the  incidence 
in  the  lungs  of  rabbits  of  adenomatous  grovdhs  which  sometimes 
become  carcinomata  (Campbell  and  others). 


Fig.  282.  Fig.  283. 


Figs  282  and  283.— Section  of  oat-cell  carcinoma  of  lung.  Fig.  282  shows 
spindle-shaped  and  oval  cells.  In  Fig.  283  transitions  to  cells  of  columnar 
epithelial  type  are  seen.  (Dr.  J.  F.  Heggie.)  X  220. 

Bronchial  carcinoma  presents  a  variety  of  appearances  depending 
upon  the  site  of  origin,  the  extent  of  local  spread  and  the  degree  of 
bronchial  obstruction  produced  (Big.  284).  In  the  commonest  type 
the  tumour  forms  a  massive  growth  surrounding  the  main  bronchus 
to  the  lung  or  to  one  lobe,  the  bronchial  mucosa  is  ulcerated  or  may 
be  merely  roughened  and  nodular,  while  secondary  extension  by 
lymphatics  produces  further  nodules  in  the  mucosa  towards  the 
bifurcation  of  the  trachea.  The  ^owth  narrows  markedly  the  lumen 
of  the  affected  bronchus,  producing  obstruction.  Retention  of  secre¬ 
tions  then  occurs,  and  is  foUowed  by  infection  with  consequent  septic 
broncho-pneumonia  and  abscess  formation  ;  occasionally  gangrme 
ensues,  resulting  in  production  of  ragged  cavities  in  the  lui^.  The 
tumour  soon  spreads  by  the  lymphatics  giving  rise  to  massive  secondary 
orowths  in  the  mediastinal  nodes  which  are  often  so  incorporat^ 
^tb.  tbe  broncMal  mass  as  to  be  indistinguishable  separately  (Fig*  284). 
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Extension  upwards  into  the  glands  of  the  neck  is  often  seen.  Retro¬ 
grade  spread  also  occurs  along  the  peribronchial  and  perivascular 
Rmphatics  so  that  even  the  smaller  bronchi  and  vessels  may  be  en- 
sheathed  by  wLitish  collars  of  new^  growth.  Invasion  of  the  pericardial 
sac  occurs  by  direct  extension  of  growdli  along  the  lymphatics  in  the 
walls  of  the  pulmonary  veins,  and  the  new  growdh  may  compress  and 
occlude  the  superior  vena  cava  causing  marked  cvnnosis.  The  tumours 


Fig.  284. — ^Primary  carcinoma  of  bronchus,  oat-cell  type,  showing  marked 
bronchial  obstruction. 

Note  the  extensive  consolidation  in  the  upper  part  of  the  lower  lohe  and  lower  part  of  upper  lobe ; 
the  lower  and  inner  part  of  the  low^er  lobe  is  the  seat  of  multiple  abscesses,  resulting  from  the  retention 
pneumonia,  x  f. 

form  bulky  cellular  masses  in  which  necrosis  is  often  widespread  and 
pressure  effects  within  the  mediastinum  give  rise  to  severe  dyspnoea. 

Less  frequently  the  tumour  originates  from  a  bronchus  within  the 
lung  substance,  and  sometimes  apparently  arises  in  one  so  small  that 
the  exact  site  of  origin  is  uncertain.  Some  writers  claim  to  recognise  a 
form  arising  in  the  pulmonary  alveoH,  but  the  histological  appearances 
are  deceptive  and  carcinomata  of  unequivocally  bronchial  origin  may 
use  the  alveolar  walls  as  a  convenient  stroma  and  thus  simulate  an 
alveolar  origin.  Such  growths  may  produce  consolidation  of  large 


RESPIRATORY  SYSTEM 


447 


areas  of  the  lung  resembling  pneumonia  and  the  cut  surface  presents 
a  oreyish,  rather  mucoid  appearance. 

The  early  and  "widespread  invasion  of  the  lymphatics  has  been 
emphasised  and  this  may  involve  the  pleura  forming  a  thick  ensheath- 
ment  of  the  surfaces  or  take  the  form  of  multiple  discrete  nodules. 
Pleurisy  vith  effusion,  often  hsemorrhagic  in  character,  is  common. 


When  the  growth  is  at  the  apex  of  the  extension  to  the  adja^nt 
cie  may  involve  tL  lower  cords  of  the  brac^al  plexus  and 

the  sympathetic  chain,  so  that  pain 

with^sims  of  sympathetic  palsy  may  occm— Pancoast  s  syndrome. 

oXgto  the  pe^W  sitnation  of  the  Inng  cance^  ^rtoe 
signs  referable  to  the  lung  may  appear  only  f 

Metastases.  The  hver  and  adrenals  are  W^on  of 

sooner  or  later  and  there  is  a  special  tendency  to  the  formatio 
secondary  depokts  in  the  Ijrain  (Mg.  285),  a  phenomenon  of  particular 


448 


TEXT-BOOK  OF  PATHOLOGY 


iinportaiice  because  it  may  oversliadow  the  primary  bronchial  growth 
clinically.  In  fact  surgical  exploration  of  a  cerebral  neoplasm  should 
always  be  preceded  by  a  careful  survey  of  the  lungs  to  exclude  primary 
bronchial  carcinoma.  Secondary  growths  in  the  bones  are  common, 
the  thoracic  vertebrae  being  especially  frequently  involved,  possibly 
by  the  retrogi’ade  venous  route.  Sometimes  spread  occurs  to  the 
lymph  nodes  of  the  neck,  axillae,  or  even  groins,  before  the  primary 


Fig.  286. — ^Primary  bronchial  carcinoma  of  squamous  t}?pe.  The  lung  is  greatly 
coUapsed,  and  there  is  widespread  lymphatic  permeation,  with  great  pleural 
thickening,  x 

tumour  presents  localising  signs,  and  recently  we  have  observed 
several  cases  in  which  a  migrating  phlebitis  and  gross  lymphoedema 
were  the  initial  symptoms.  In  our  experience  bronchial  carcinoma 
may  also  be  associated  with  very  widespread  secondary  growths  in 
the  internal  organs,  especially  the  liver,  while  the  primary  tumour 
remains  small  and  clinically  silent.  Microscopically  great  variation 
ha  structure  is  found.  Many  of  the  hilar  growths  belong  to  the  so- 
called  f  oat-celled  ’  type,  i.e.  they  consist  of  very  short  spindle  cells 
which  may  appear  oval  or  round  depending  upon  the  plane  of  section, 
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but  are  loosely  arranged  in  alveoli.  These  growt^hs  were  formerly 
confused  with  lymphosarcomata,  but  the  work  of  Barnard  and  others 
has  established  their  epithelial  origm,  the  prototype  being  the  ceils 
of  the  deepest  layer  of  the  bronchial  epithelium.  This  t}-p)e  forms 
about  50  per  cent,  of  primary  lung  neoplasms.  Transition  to  columnar 
cells,  however,  occur  in  some  cases  (Tig.  283).  A  less  common  form 
of  neoplasm  is  the  frankly  cubical  or  columnar -celled  adenocarcinoma, 
sometimes  papillomatous  in  architecture,  sometimes  of  a  more  scirrhous 
character,  and  these  form  a  higher  proportion  of  the  intrapulmoiiary 
growths.  It  is  not  possible,  however,  to  distinguish  an  oat-celled 
carcinoma  from  an  adenocarcinoma  merely  by  its  site  and  naked-eye 
appearances .  Spheroidal- cell  carcinoma  is  of  about  the  same  frequency 
as  adeno-carcinoma,  but  many  show  in  places  a  partial  differentiation 
to  a  more  squamous  cell  character.  Well-differentiated  squamous 
carcinoma  of  the  bronchi  with  typical  cell  nests  is  somewhat  rarer. 
Although  it  is  commonly  said  to  arise  from  metaplastic  epithelium  in 
the  lining  of  bronchiectatic  cavities,  we  have  seen  several  examples  in 
which  bronchiectasis  was  absent  (Eig.  285).  Squamous  epithelial 
tumours  of  the  bronchi  which  show  much  keratinisation  exhibit  in 
both  primary  and  secondary  growths  the  dense  creamy-opaque  appear-  . 
ance  so  ty|)ical  of  this  neopilasm,  and  can  sometimes  be  diagnosed 
from  this  naked-eye  character.  Blood-borne  metastases  do  not  occur 
so  early  in  this  form  of  pulmonary  cancer  and  secondary  spread  to 
the  hilar  lymph  nodes  is  also  later.  This  behaviour  renders  squamous 
cancer  the  most  favourable  t}q)e  of  growth  for  radical  excision  by 
lobectomy. 

Primary  sarcoma  and  endothelioma  are  occasionally  met  with  in 
the  lungs,  but  are  rare.  Any  form  of  malignant  growth  in  the  lungs 
may  give  rise  to  hsemoptysis,  and  this  is  sometimes  an  early  symptom. 

Secondary  tumours  in  the  lung  are  fairly  frequent  among  sarco¬ 
mata  of  all  kinds.  The  metastases  occur  chiefly  by  the  blood  stream, 
and  the  tumours  in  the  lung  are  usually  multiple  in  the  form  of 
discrete  rounded  masses.  The  spread  of  carcinoma  also  to  the  lungs 
may  take  place  by  the  blood  stream,  but  we  believe  that  the  lungs 
more  frequently  become  involved  by  way  of  the  lymphatics.  Eor 
example,  in  cases  of  mammary  carcinoma,  the  cells  may  spread  to 
the  pleural  lymphatics  and  thence  to  the  lungs,  whilst  in  cases  of 
abdominal  carcinoma  there  may  be  a  spread  to  the  broncMal  glands, 
and  from  them  extension  into  the  lungs  may  follow.  When  the 
lymphatics  of  the  lungs  become  involved,  the  growth  may  be  of  very 
diffuse  character  and  produce  only  very  minute  nodules.  The  pleural 
lymphatics  may,  for  example,  appear  as  whitish  threads  outlining  the 
lobules,  and  we  have  seen  cases  where  the  lungs  contained  very 
numerous  nodules,  no  larger  than  tubercles  and  in  some  instances 
scarcely  palpable.  On  the  other  hand  large  rounded  masses  may  form 
the  so-called  'cannon-ball’  secondaries,  involving 

the  bronchial  lymph  nodes,  either  primarily  or  secondarily,  has  a 

Q 


450 


TEXT-BOOK  OE  PATHOLOGY 


great  tendency  to  extend  along  the  peribronchial  lymphatics,  forming 
sometimes  an  encasing  sheath  to  the  bronchi  and  also  irregular  masses 
of  growth.  It  is,  however,  relatively  rare  :  many  of  the  cases  formerly 
described  were  really  examples  of  oat-ceU  carcinoma.  The  appearance 
and  distribution  accordingly  resemble  this  form  of  cancer,  but  the 
tissue  tends  to  be  somewhat  more  cellular  vith  an  even  greater  tendency 
to  necrosis. 

In  the  pleura,  simple  grovdhs,  e.g.  fibroma,  angioma,  and  subserous 
lipoma  have  been  met  with,  but  their  occurrence  is  quite  exceptional. 
Primary  mahgnant  tumours  are  also  rare,  and  of  these  the  most 
characteristic  is  the  so-called  endothelioma  of  the  pleura.  The  gro^vth 
tends  to  involve  the  whole  surface,  and  both  pleural  layers  may  be 
fused  together  and  changed  into  a  thick  mass  of  growth  encasing  the 
lung.  In  other  cases  there  are  nodules  in  both  layers  and  inflammatory 
exudate  between ;  extension  may  take  place  to  the  pericardium  and 
also  along  the  lymphatics  into  the  interior  of  the  lung.  Such  grovdhs 
have  usually  an  alveolar  structure  like  a  cancer,  but  the  cells  vary  in 
character  ;  sometimes  they  are  flattened  and  arranged  in  concentric 
fashion,  as  in  an  epithelioma,  but  without  cell-nests  ;  sometimes 
they  are  more  rounded  in  form.  Their  origin  is  usually  ascribed  to 
the  covering  endothelium  of  the  pleura.  No  doubt  such  primary 
pleural  neoplasms  occur,  but  they  are  very  rare  and  many  alleged 
examples  are  in  fact  secondary  to  an  undetected  primary  growth  in 
the  lung  ;  sometimes  papillary  renal  carcinoma  invades  the  pleura  in 
such  a  fashion  while  the  initial  growth  is  still  small.  Some  malignant 
growths  of  the  pleura  have  more  the  features  of  a  diffusely  gi’owing 
sarcoma.  The  occurrence  of  secondary  growths,  both  of  sarcoma  and 
carcinoma,  is  not  uncommon,  as  will  be  readily  understood.  As  in 
the  pericardium,  malignant  growth  is  often  attended  by  fibrinpus  or 
hsemorrhagic  exudate. 


CHAPTER  XI 


HEMOPOIETIC  SYSTEM  . 

THE  BLOOD 

Introductory.  The  term  ‘  diseases  of  the  blood  ’  is  often  used 
and  is  convenient ;  but  from  the  standpoint  of  cellular  pathology  it 
is  not  quite  correct,  as  the  blood  is  not  a  tissue  or  organ  but  the 
product  of  various  tissues  and  organs.  This  is  true,  not  only  of  the 
plasma  but  also  of  the  cellular  elements  ;  they  are  supplied  to  the 
blood  but  do  not  normally  multiply  in  it.  The  so-called  diseases 
of  the  blood  are  mainly  diseases  of  the  hsemopoietic  tissues,  though 
various  other  organs  may  be  concerned  in  the  production  of  its  patho¬ 
logical  states.  It  is  important  to  recognise  that  the  body  possesses 
a  remarkable  regulating  mechanism  whereby  the  state  of  the  Mood 
is  kept  wonderfully  constant.  Blood  volume,  specific  gra,vity, 
chemical  content,  number  of  red  corpuscles  and  leucocytes,  varieties 
of  leucocytes,  etc.,  each  has  an  average  value  vitMn  a  narrow  range 
of  normal  hmits,  and  if  in  conditions  of  health  any  one  of  these  is 
artificially  altered,  a  return  to  normal  occurs  within  a  comparatively 
short  time.  The  morbid  changes  in  the  blood  thus  come  to  be  of 
great  importance,  and  not  infrequently  are  the  means  of  supplying 
a  diagnosis  of  the  condition  present ;  these  changes  may  affect  either 
the  formed  elements  or  the  plasma.  Thus  chemical  methods  for 
estimating  the  amount  of  urea,  glucose,  bilirubin,  cholesterol,  plasma 
protein,  etc.,  are  now  generally  used  and  are  of  great  service  in  a  wide 
variety  of  morbid  conditions. 

We  shall  consider  here  the  changes  in  the  corpuscular  elements, 
while  the  main  chemical  changes,  including  variations  m  the  amounts 
of  the  substances  mentioned  above,  will  be  dealt  with  m  connection 
with  the  diseases  of  the  various  organs  concerned  in  their  production. 

In  cases  of  disease  of  the  hsemopoietic  tissues  examination  of  the 
peripheral  blood  is  essential  and  should  include  at  least  the  followmg 
estimations  :  the  haemoglobin  content,  the  red  ceff  count  and  packed- 
cell  volume  (by  centrifuging  in  a  haematocrit),  the  total  number  and 
differential  count  of  the  white  cells,  and  the  morphology  of  the  formed 
elements  in  the  stained  film.  In  certain  cases  further  exammations 
are  required,  e.g.  the  percentage  and  number  of  reticulocytes,  the 
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seriiiii  biliiTibiii,  enumeration  of  the  blood  platelets,  etc.,  while  in 
many  cases  marrow  biopsy  hj  sternal  puncture  yields  decisive  informa¬ 
tion.  From  these  figures  certain  absolute  values  and  indices  may  be 
calculated,  of  which  the  following  are  the  cliief  ones  in  common  use. 

The  ImmogloUn  is  expressed  preferably  in  gcams  per  100  mb  whole 
blood  (in  males,  normal  average  15-8;  in  females,  average  13*8; 
neglecting  sex  differences  14-8). 

While  it  is  customary  to  refer  to  the  percentage  of  the  various 
white  cells  in  the  differential  count,  the  absolute,  numbers  of  each 
variety  should  be  calculated  from  the  total,  for  it  is  only  from  this 
figure  that  a  true  estimate  of  the  number  present  is  obtamed.  This 
is  equally  true  of  the  red  cell  series  and  the  use  of  only  percentage 
figures  for  reticulocyte  estimations  ma}^  be  very  misleadmg,  particularly 
when  the  red  cell  count  is  altermg  rapidly. 

The  mean  corpuscular  volume  (Jf.G.F.)  (normal  78-94  c/t,  average 
87  cp)  is  given  in  cubic  microns  by  the  formula  : 

volume  of  red  cells  in  ml.  per  litre 


number  of  red  cells  in  mfihons  per  c.mm. 

The  mean  corpuscular  hsemoglohin  concentration  [M.C.H.G.)  gives 
precise  information  on  the  degree  of  saturation  of  the  red  cells  with 
hsemoglohin  and  therefore  indicates  unequivocally  w^hether  inadequate 
formation  of  hsemoglobin  is  a  factor  in  the  development  of  the  anaemia, 
e.g.  in  iron-deficiency  states.  It  is  given  by  the  formula  : 
grams  of  hsemoglobin  per  100  ml. 
packed- cell  volume  per  100  ud. 

and  is  thus  expressed  as  a  percentage  (normal  32-36,  average  34). 

The  colour  index  {CJ.)  gives  the  relative  amount  of  hsemoglobin 
per  corpuscle  in  relation  to  the  normal  TO  and  in  disease  it  may  be 
above  or  below  unity.  It  is  obtained  by  the  formula  : 

percentage  of  hsemoglobin.  . _ 14-8  =  100% 

percentage  of  red  cells  ’  5  mill,  per  c.  min.  =  100% 


TO 


e.g.  abnormal : 


hsemoglobin  45% 


45% 

63% 


==  0*7 


R.B.C.  =  3T5  mill,  per  c.mm. 

The  colour  index  is  a  compound  of  two  variables,  hsemoglobin  con¬ 
centration  and  red  cell  size,  and  the  information  it  provides  is  less 
precise  than  that  given  by  the  M.C.H.G.  and  M.O.V.  For  example, 
reduction  of  the  C.I.  below  unity  may  be  due  to  diminished  volume 
of  the  red  cells  or  to  a  lowering  of  the  hsemoglobin  concentration  or 
to  a  eombitiation  of  the  two.  When  it  is  raised,  however,  it  can 
indicate  only  an  increase  in  corpuscular  volume  as  the  concentration 
of  hsemoglobin  cannot  rise  above  the  normal  optimum.  Accordingly 
the  term  hyperchromic,  often  applied  to  the  megalocytic  ansemias,  is 
incorrect  and  should  not  be  used.  Whole  a  high  colour  index  thus 
inevitably  means  that  the  anaemia  is  megalocytic,  a  low  colour  index 
generally  but  not  invariably  indicates  an  anaemia  of  iron-deficiency 
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type  ;  nevertheless  in  the  absence  of  facilities  for  more  precise  deter¬ 
minations,  the  colour  index  is  still  useful. 

One  must  recognise  that  the  marrow  is  the  all-important  tissue 
in  supplying  the  formed  elements  of  the  Mood  ;  it  is  the  source  of  the 
erythrocytes,  granular  leucocytes,  and”  platelets.  AH  these  are  in  a 
sense  end-products  ;  there  is  no  multiplication  of  them  in  the  Mood 
stream,  though,  as  described  below,  both  erytMocjtes  and  leucoc\i-es 
undergo  a  process  of  ripening  after  having  entered  the  blood.  The 
term  erythron,  proposed  by  Boycott  to  indicate  the  erythroblasts  and 
their  products,  the  erythrocytes,  is  appropriate  but  has  not  been  v-idely 
adopted. 

The  Development  of  the  Cells  of  the  Blood 
The  development  of  the  granular  leucocytes  from  non-granular 
precursors  has  already  been  outhned  (p.  68).  The  red  cells  likewise 
arise  from  primitive  elements  hi  the  marrow  and  proceed  through  a 
series  of  stages  to  the  ultimate  non-nucleated  er3d:hroc}die.  In  the 
peripheral  circulation  the  mature  granular  cells  survive  only  a  relatively 
short  period  (4-5  days)  as  compared  with  the  red  cells  (120-140  days) 
and  therefore  in  normal  marrow  leukoMasts  outnumber  erythroblasts 
so  that  the  normal  leuko-er3dhrogenic  ratio  is  about  2:1.  When 
hyperplasia  of  the  marrow  occurs  this  ratio  is  usually  disturbed,  e.g. 
in  an  active  erythroblastic  reaction  it  may  be  less  than  1  :  1 
whereas  in  a  leukohlastic  reaction  it  may  be  10  : 1-  In  actively 
proliferating  marrow  there  are  primitive  cells  whose  developmental 
potentiahty  is  not  yet  revealed  by  their  morphology  and  these  elements 
are  called  hsemocytoblasts.  hTormally  differentiation  procee<^  so 
rapidly  that  such  undetermined  cells  are  scanty  and  the  great  majority 
of  the  early  progenitor  cells  are  quite  distinctly  recognisable  as  belong¬ 
ing  to  either  the  red  or  wMte  cell  series.  Only  in  abnormal  conditions, 
especially  when  differentiation  is  for  some  reason  slowed  down,  are 
such  primitive  undifferentiated  cells  at  ah  readily  found  ;  there  is  no 
general  agreement  about  their  significance.  It  is,  indeed,  a  matter  of 
opinion  whether  the  red  and  wMte  cells  arise  from  a  common  pro¬ 
genitor,  the  hsemocytoblast  (Maximow),  or  originate  from  different 
elements  in  the  marrow  from  which  they  differentiate  without  a  common 
first  stage  of  development  (Sabin,  Cunningham  and  Doan).  Perhaps 
the  remarkable  cessation  of  formation  of  aU  tj^es  of  Hood  and  marrow 
cells  in  aplastic  anaemia,  where  Mood  formation  appears  to  be  cut  off 
at  its  source,  rather  supports  the  common  progenitor  or  'rnymophyletic 

theorv-  .  j  *  i 

In  adult  life  the  primitive  red  ceU  precursors  appear  to  be  denveci 

from  the  reticulo-endothelial  cehs  of  the  marrow  and  normaUy  pa.^ 
through  successive  stages  known  as  h^mocytoblast basophfi  pro- 
erythroMast  — >  polychromatic  normoblast  reticulocyte  — normal 
red  ceU  This  is  known  as  normoblastic  proliferation  and  the  typical 
stages  are  depicted  in  Fig.  287a,  hut  there  are,  of  course,  innumerahie 


1.  HEemocytoblast  with  finely  dispersed  chromatin  and 
basophil  cytoplasm. 


2.  Pronormoblast :  basophil  cytoplasm,  early  con¬ 
densation  of  nuclear  chromatin. 


3.  Early  normoblast  with  basophil  cytoplasm  and 

well-marked  nuclear  condensation. 

4.  A  slightly  later  normoblast  with  commencing 

hsemoglobinisation. 


.5.  Three  early  normoblasts  :  A  and  B,  polychromato- 
philic  cells,  probably  a  slightly  earlier  stage  than 
(4),  G,  a  well-hsemoglobinised  normoblast  a 
little  later  than  (4). 


6.  Late  normoblast  showing  marked  nuclear  con¬ 
densation. 


7.  Late  normoblasts  showing  early  pyknosis. 


8.  Late  normoblasts — the  lower  showing  complete 
pyknosis. 


Fig.  287a.— Normoblast  series.  X  1,000. 
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1.  H80moc}'i::oblast ;  with  basophil  cytoplasm  and 
evenly  dispersed  nuclear  (toomatm  containing 
several  nucleoli. 


2.  Promegaloblast :  nucleoli  persist,  nuclear  chromatin 
shows  commencing  fine  reticulation,  cji:oplasm 
basophilic. 


3.  Early  megaloblast :  niieiear  ciiromatin  is  finely 
reticulate,  cydioplasm  shows  diminished  baso¬ 
philia  and  early  hsemoglobinisation. 


4.  Polychromatophilic  megaloblast  with  weE-marked 
precocious  hsemoglobinisation. 

I  .  ' 


5.  Later  polychromatophilic  megaloblast. 


6.  Late  megaloblast  with  some  nuclear  condensation. 


7.  Two  late  megaloblast s— 

'  i  (a)  nuclear  fragmentation. 

\  (5)  nuclear  pyknosis. 


Fig.  287fc.^ — ^Megaloblast  series.  X  1,000. 
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gradations  as  the  cells  mature  from  on©'  stage  to  the  next.  In  the 
course  of  maturation  from  hsemocjdiohlast  to  red  cell  there  is  :  (1)  pro¬ 
gressive  diminution  m  cell  size  ;  (2)  progressive  reduction  of  nuclear 
size  vith  condens|tion  of  the  chromatin  culminating  in  pyknosis  and 
ultimate  disintegration  or  extrusion  ;  (3)  progressive  loss  of  the  basophil 
substance  of  the  cytoplasm  and  concurrent  development  of  haemoglobin. 

In  early  foetal  Hfe  the  first  red  cells  to  become  filled  with  haemo¬ 
globin  are  very  much  larger  and  were  called  by  Ehrhch  megaloblasts. 
By  the  fourth  month  of  foetal  hfe  megaloblastic  haemopoiesis  is  replaced 
by  the  normoblastic  type,  but  for  a  considerable  time  the  red  cells 
are  larger  than  in  adult  hfe  (macrocytes).  There  is  no  conclusive 
evidence  that  the  change  in  the  character  of  foetal  blood  formation 
is  related  to  the  effects  of  the  haematinic  hver  principle.  In  post¬ 
natal  hfe  deficiency  in  the  supply  of  the  liver  principle,  however 
brought  about,  leads  to  a  reversion  of  erythropoiesis  to  the  megalo¬ 
blastic  t};^©  ;  development  then  proceeds  from  haemocytoblast  to 
promegaloblast  and  then  successively  through  basophihc  and  poly¬ 
chromatic  megaloblasts  to  reticulocytes  and  megalocytes.  These 
stages  are  depicted  in  Eig.  2876. 

The  characteristic  feature  of  megaloblastic  erythropoiesis  is  that 
the  maturation  processes  do  not  proceed  synchronously.  It  appears 
as  if  lack  of  the  hsematinic  principle  interferes  with  nuclear  maturation 
and  reduction  in  cell  size,  both  of  which  proceed  more  slowly  than 
usual  while  hsemoglobinisation  proceeds  at  the  normal  rate.  This 
results  in  the  appearance  of  haemoglobin  in  cells  which,  judged  by  their 
large  size  and  large  finely  reticulated  nuclei,  are  very  immature,  i.e. 
are  at  the  stage  of  development  where  normally  the  cytoplasm  would 
be  basophilic  and  lacking  in  hsemoglobin.  As  they  mature  the 
cytoplasm  becomes  more  fuUy  hsemoglobinised  and  the  nucleus 
becomes  smaller  and  consequently  more  dense  but  not  to  the  degree  of 
the  normoblastic  series.  These  large  nucleated  cells  of  variable  degrees 
of  maturity  are  known  as  hxmoglobinised  megaloblasts.  It  is  established 
from  the  results  of  repeated  marrow  biopsies  in  the  course  of  treatment 
that  megaloblastic  marrow  rapidly  becomes  transformed  into  normo¬ 
blastic  marrow  when  the  hsematinic  principle  is  supplied. 

When  erythropoiesis  is  hastened,  e.g.  in  the  restoration  of  the  blood 
cells  after  haemorrhage,  there  is  a  speeding-up  of  the  whole  process 
and  the  normoblasts  may  then  show  some  degree  of  precocious  haemo- 
globinisation.  The  normal  development  of  the  red  cells  requires  the 
co-ordinated  activities  of  many  other  organs  and  an  adequate  supply 
of  all  components  essential  for  the  formation  of  haemoglobin  ;  thus 
iron,  vitamin  G  and  thyroxin  are  required  as  well  as  the  haematinic 
principle  contained  in  Hver.  The  iron  required  to  replace  the  haemo¬ 
globin  destroyed  by  the  daily  w^ear-and-tear  loss  of  red  cells  is  made 
good  largely  by  re-utihsation  of  the  iron  from  the  broken-down 
haemoglobin,  and  the  balance  required  is  provided  by  the  iron  reserves 
and  by  absorption  from  the  diet.  Hynes  has  estimated  the  normal 
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iron  reserve  at  about  600  mg.  and  Las  shown  that  from  an  average 
mixed  diet  only  about  4  mg.  of  iron  is  available  per  day  for  haemoglobin 
synthesis  over  and  above  that  required  to  replace  effete  cells.  Since 
this  is  the  equivalent  of  only  8  ml.  of  blood  per  day  (2  ml.  blood  =  1  mg. 
Ee)  it  follows  that  continued  daily  loss  of  more  than  8  ml.  blood  wil! 
deplete  the  iron  reserves  of  the  body  ;  when  these  are  exhausted  the 
state  of  iron  deficiency  thus  induced  -will  result  in  failure  of  replacement 
of  the  haemoglobin  and  anaemia  vill  follow. 

Under  pathological  conditions  myeloid  tissue  may  develop  in 
abnormal  sites,  though  this  is  somewhat  rare.  It  occurs  more  readily 
in  infants,  for  example,  in  the  hver  and  spleen  in  anaemia,  the  pelves 
of  the  kidneys  in  rickets,  etc.,  but  it  is  also  found  in  the  adult  mthin 
bone  formed  by  metaplasia  in  various  sites  (p.  119)  and  it  is  noteworthy 
that  the  new  tissue  exhibits  erythroblastic  as  well  as  leukoblastic 
formation.  When  the  bone-marrow  has  been  destroyed  by  new  growth 
(p.  236)  or  by  fibrous  transformation  or  osteosclerosis  (p.  502)  there 
is  often  extensive  formation  of  myeloid  tissue  in  the  spleen  and  great 
splenomegaly  may  result,  the  name  myeloid  transformation  or  extra - 
medullary  hemopoiesis  being  usually  applied.  In  our  experience  this 
is  often  associated  with  the  presence  of  primitive  red  and  white  cells 
in  the  peripheral  blood,  sometimes  in  considerable  numbers,  possibly 
mdicating  that  in  the  new-formed  myeloid  tissue  there  is  only  imperfect 
control  over  the  entry  of  cells  into  the  circulation.  Myeloid  trails- 
formation  may  occur  in  lower  animals  as  a  result  of  infections,  but  this 
is  rare  in  man. 

With  regard  to  the  mode  of  origin  of  the  new'  myeloid  tissue,  the 
same  differences  of  opinion  exist  as  in  respect  of  normal  Hood  forma¬ 
tion.  Maximow,  for  example,  regarded  most  of  the  cels  of  the  reticulo¬ 
endothelial  system  as  potential  hscmoeytoblasts,  capable  of  producing 
cels  both  of  the  erythroblast  and  myeloblast  series.  Potential  foci 
of  new  blood  formation  are  thus  present  in  the  adult  not  only  in  the 
spleen  and  l3miphoid  tissues  hut  also  in  the  hepatic  sinusoids  and, 
though  in  less  degree,  in  the  ordinary  connective  tissues.  Sabin, 
Cunningham  and  Doan,  on  the  other  hand,  hold  that  the  cels  have 
two  sources  of  origin,  the  erydhroblasts  being  formed  from  the  vascular 
endothehum,  wMle  the  myelohlasts  are  formed  extravascularly  from 
reticulum  cels.  Whle  views  differ  as  regards  detals,  there  is  general 
agreement  that  certain  cels  of  the  reticuio-endothelial  system  have 
the  faculty  under  certaiu  circumstances  of  producmg  new  ^oups  of 
cels  which  afterwards  undergo  differentiation  into  the  various  cel- 

types  of  myeloid  tissue.  ^ 

A  decisive  answer  cannot  yet  be  given  to  the  question  of  a  common 
stem  cel  for  the  red  and  white  cel  series,  hut  this  does  not  affect 
the  general  statement  made  above,  namely,  that  when  once  the  cels 
have  become  differentiated  the  various  classes  remain  practicaUy 
distinct. 
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THE  RED  CORPUSCLES 

(A)  Variations  in  Number.  The  number  of  red  corpuscles  per 
c.mm.  Taries  greatly  and  its  estimation  is  an  important  clinical  inves¬ 
tigation.  Whilst  variation  is  usually  in  the  direction  of  decrease — 
oligocythseinia — there  are  certain  conditions  where  an  increase  occurs 
— poly cy ill semm.  In  the  first  place,  the  number  may  be  increased 
simply  by  the  withdrawal  of  fluid  from  the  blood  ;  this  is  knowm  as 
hsemo- concentration  and  may  result  from  profuse  perspiration  and 
severe  diarrhoea,  e.g.  in  Asiatic  chqlera,  or  from  increased  capillary 
permeability  as  in  surgical  shock.  It  is  most  easily  assessed  by  estim¬ 
ating  the  corpuscular  volume  in  the  hsematocrit.  In  cases  of  this 
kind  there  is,  of  course,  no  alteration  in  the  total  number  of  corpuscles, 
but  simply  an  increased  concentration  of  corpuscles  ;  the  number  soon 
returns  to  normal  by  addition  of  fluid  "when  recovery  takes  place. 
When  a  person  resides  in  a  high  altitude,  a  true  increase  in  the  number 
of  corpuscles  per  c.mm.  is  observed.  This  may  amount  to  about 
2,000,000  per  c.mm.  at  an  altitude  of  about  14,000  feet,  and  the 
increase  of  the  total  amount  of  the  haemoglobin  in  the  blood  is  prac¬ 
tically  proportionate,  the  colour  index  being  unaltered.  The  conditiou 
is  to  be  regarded  as  a  compensatory  one,  brought  about  by  the 
diminished  oxygen  tension  in  the  atmosphere. 

In  some  cases  of  congenital  heart  disease  there  is  an  increase  in 
the  number  of  corpuscles,  the  number  per  c.mm.  reaching  7,000,000 
or  even  more.  A  similar  change,  though  usually  less  in  degree,  may 
be  met  with  in  cases  of  chronic  venous  congestion  in  adults,  e.g.  in 
mitral  stenosis.  In  these  conditions  either  a  diminished  amount  of 
blood  passes  through  the  lungs  in  unit  of  time,  or  in  some  congenital 
lesions  venous  blood  passes  directly  into  the  left  ventricle  through 
a  deficiency  in  the  septum.  Hence  in  both  conditions  there  is  an 
advantage  in  having  a  greater  concentration  of  haemoglobin  in  the 
blood,  and  this  is  accordingly  of  compensatory  nature. 

In  primary  polycythsemia  with  splenomegaly  (p.  515)  the  number 
of  red  corpuscles  may  occasionally  rise  above  8,000,000  per  c.mm.,  and 
it  has  been  found  that  there  is  also  increase  in  the  blood  volume 
(Boycott)  ;  thus  true  plethora  as  weU  as  polycythaemia  is  present.  In 
this  case  there  is  no  evidence  that  the  increase  is  of  compensatory 
nature. 

Decrease  in  the  number  of  red  corpuscles  per  c.mm. — oligo- 
qythasmia—is  very  common,  and  may  be  produced  in  various  ways, 
as  will  be  described  later.  The  term  ‘  ansemia  ’  is  sometimes  used  as 
synonymous  with  ohgocythsemia,  but  it  is  better  to  use  it  as  including 
aU  conditions  where  there  is  a  diminution  in  the  percentage  of  hsemo- 
globin  ;  the  two  conditions  are  usually  associated,  but  there  may  be 
considerable  ansemia  with  little  or  even  no  diminution  in  the  number 
of  red  corpuscles.  The  most  severe  examples  of  ohgocythsemia  are 
met  with  in  the  so-called  primary  anaemias  ;  for  example,  in  pernicious 
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anemia  tlie  number  of  red  cells  may  fall  to  500jCjCM}  per  c.mm.,  or 
even  to  a  lower  level.  It  may  be  added  bere  that  in  all  cases  the 
number  of  young  cells  or  reticulocytes  in  the  blood  gives  a  valuable 
indication  of  the  output  of  new  ceUs  from  the  marrow. 

(B)  Changes  in  Size  and  Shape.  Oiigocythsemia  is  frequently 
associated  with  variations  in  the  size  of  the  corpuscles — anisocyfmis — 
and  irregularities  in  form — -poikilocytosis.  Corpuscles  larger  than  the 
normalj  or  megalocytes,  are  numerous  in  pernicious  ansemia  and  some 
related  anaemias  ;  in  air-dried  films  the  circular  forms  may  measure 
10-12  /i  in  diameter,  whereas  the  oval  forms  may  be  even  larger  (p.  485). 
Although  undersized  forms  also  are  present,  the  amrage  size  of  the 
corpuscles  is  usually  greater  than  the  normal,  and  the  ansemia  is  thus 
spoken  of  as  rmgalocytic.  The  typical  niegalocytes  in  pernicious 
anemia  appear  well  coloured,  as  the  M.G.H.C.  is  normal ;  but  over¬ 
sized  corj)uscles,  usually  pale  and  somewhat  swollen  in  appearance, 
may  be  met  with  in  other  types  of  anaemia.  Corpuscles  smaller  tliaii 
the  normal,  or  microcytes,  occur  ui  all  forms  of  anaemia,  but  in  certain 
types  they  preponderate  so  that  the  average  size  of  the  corpuscles  is 
diminished ;  the  anaemia  is  then  called  microcytic.  Mcrocytes  may 
measure  4  in  diameter  or  even  less  ;  the  smallest  forms  are  probably 
produced  by  a  splitting  off  from  the  larger  corpuscles. 

Price-Jones  introduced  a  graphic  method  of  representing  red  cell  size  in  a 
random  sample  of  500  cells.  The  abscissa  gives  the  diameter  of  the  corpuscles 
in  microns  while  the  ordinate  represents  the  numbers  of  cells  of  any  particidar 
size  in  the  sample.  The  normal  graph  resulting  is  an  almost  s\Tiimetrical 
pointed  curve  with  its  apex  corresponding  approximately  to  the  average^  mean 
diameter  of  the  corpuscles  ;  the  base  of  the  cur\>e  shows  the  variations  in  size 
met  with.  With  such  a  curve  as  a  standard,  the  condition  of  ^  any  abnormal 
blood  can  be  compared.  Thus  in  pernicious  ansemia  there  is  a  shift  of  the  curve 
to  the  right,  owing  to  the  increase  in  the  average  diameter  of  the  corpuscles, 
while  the  base  of  the  curve  is  broadened  owing  to  greater  variations  in  their 
size.  In  microcytic  anaemias,  on  the  contrary,  there  is  a  shift  to  the  left. 

Corpuscles  of  irregular  shape,  known  as  poikilocytes,  may  be  met 
with  in  any  form  of  marked  ansemia  (Figs.  294,  298).  Their  presence 
in  itself  has  no  diagnostic  importance,  nor  is  their  number  in  proportion 
to  the  severity  of  the  ansemia.  They  are  usually  a  striking  feature 
in  pernicious  anaemia  ;  they  occur  also  in  other  anaemias,  occasionally 
being  numerous  ;  we  have  seen  them  in  enormous  numbers  in  severe 
anaemia  following  repeated  haemorrhages. 

Another  pathological  variation  is  that  the  erythrocytes  may  be 
thicker  than  normal  while  their  diameter  is  reduced  and  their  volume 
is  unchanged.  They  thus  tend  towards  a  globular  shape  and  the  term 
spherocytosis  is  applied.  Characteristically  this  is  associated  with 
acholuric  jaundice  (p.  479).  Other  inbom  morphological  abnormalitip 
are  (a)  the  sickle  form  assumed  after  shedding  by  the  corpuscles  in 
heredUccry  sicJd^a  (p.  481),  and  (5)  the  decreased  thicl™ 
times  associated  with  a  central  area  of  thickening  (target  cells)  found 
in  hereditary  leptocytosis  Mediterranean  ansemia  (p.  504), 
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(C)  Variations  in  Hsemoglobin.  The  hsemoglobin  content  is 
best  expressed  in  grams  per  100  ml.  of  blood.  The  older  methods  of 
stating  a  percentage  suffer  from  the  disadvantage  that  100  per  cent, 
wsus  not  equated  on  the  various  scales,  and  thus  the  percentage  figure 
alone  ivas  of  uncertain  value  (Haldane  100  per  cent.  =  13-8  gm. 
Sahli  100  per  cent.  =  17*3  gm.).  The  reduction  in  haemoglobin  which 
constitutes  anemia  may  be  the  result  either  of  diminution  in  the 
numbers  of  circulating  red  cells  or  of  the  amount  of  hemoglobin 
within  them  or  of  both.  For  example,  in  pernicious  anemia,  reduction 
in  the  numbers  of  red  cells  is  the  cause  of  the  anemia  ;  the  increase 
in  size  of  the  individual  cells  does  not  compensate  for  this,  but,  since 
the  M.C.H.C.  is  normal,  it  results  in  a  colour  index  above  unity,  e.g. 
1*2  or  even  more.  In  the  h3?pochromic  anemias  of  iron- deficiency 
states,  on  the  other  hand,  the  anemia  is  due  chiefly  to  reduction  in 
the  hemoglobin  content  of  the  cells,  as  a  result  both  of  lowered  con¬ 
centration  and  reduced  size  of  cells,  but  some  diminution  in  cell  numbers 
is  also  present ;  accordingly  the  M.C.H.C.  is  lowered,  e.g.  to  25  per 
cent,  or  less,  and  the  colour  index  is  below  unity,  e.g.  0*5.  When 
the  M.C.H.C.  is  greatly  reduced,  the  cells  in  films  show  red  staining 
onl}^  at  the  periphery,  giving  the  so-called  ring  staining,  but  there  are 
so  many  possible  artefacts  that  this  criterion  is  quite  unrehable,  and 
should  not  be  used  as  an  indication  of  the  hemoglobin  content  of  the 
cells. 

(D)  Polychromasia  and  Reticulocytes.  If  a  film  of  normal 
blood  be  stained  with  a  combination  of  a  basic  and  an  acid  dye  such 
as  Tenner’s  or  Leishman’s  stain,  practically  all  the  erythrocytes  are 
stained  a  uniform  red  colour,  that  is,  are  purely  eosinophilic  (ortho- 
chromatic).  In  certain  conditions,  however,  a  proportion  of  the 
erythrocytes  have  a  bluish  violet  tint  of  varying  depth ;  in  other 
words  they  show  a  slight  degree  of  basophilia  added  to  the  eosinophilia. 
To  this  altered  staining  reaction  the  term  polychromasia  or  poly- 
chromatophilia  is  given,  and  the  importance  is  that  the  erythrocytes 
showing  it  are  young  corpuscles,  which  have  recently  lost  their  nuclei, 
but  still  retain  some  of  the  basophil  substance  which  filled  the  cells 
at  the  early  erythroblast  stage.  They  may  show  also  a  certain  amount 
of  adhesiveness.  Such  corpuscles  thus  become  numerous  when  there 
is  increased  output  from  the  bone-marrow,  for  example,  after  haemor¬ 
rhage.  As  they  ripen  in  the  circulation  the  polychromasia  gradually 
disappears  and  the  ordinary  reaction  is  given.  The  young  erythrocytes 
tend  on  the  whole  to  be  slightly  larger  than  those  thoroughly  mature 
and  their  number  in  the  circulating  blood  affords  a  valuable  means 
of  estimating  the  rate  of  red  cell  production. 

By  supravital  staining  with  certain  dyes,  cresyl  blue  being  most 
frequently  used,  any  basophil  substance  remaining  in  the  erythrocytes 
is  precipitated  or  condensed  within  the  cells  as  a  sharply  stained  skein 
or  reticulum,  hence  such  corpuscles  are  called  reticulocytes.  When 
the  basophil  substance  is  abundant  it  can  be  recognised  both  as 


THE  BLOOD 


461 


polychromatic  staining  and  as  reticulum,  but  ■when  scanty,  only  as 
the  latter.  x4ccordingly  enumeration  of  young  corpuscles  as  retieu- 
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Fig.  288. _ Blood  in  acute  iiaemolytic  angemia,  showing  the  characters  of 

reticulocytes. 

llote  the  varying  amount  of  reticulum  in  the  corpuscles.  Supravital  staining  with  cr^y  blue. 

X  1,000. 

iocytes  is  tlie  easier  and  more  exact  method  because  traces  of  basophil 
substance  insufficient  to  alter  the  staining  of  the  erythrocytes  b}" 
one  of  the  ordinary  methods 
are  demonstrable  as  fine  threads 
or  granules  after  treatment 
mth  cresyl  blue  (Fig.  288). 

Reticulocytes  are  present  in  a 
proportion  of  less  than  1  per 
cent,  in  males,  but  may  occur 
up  to  2  per  cent,  in  females 
after  menstrual  loss.  In  all 
exact  work  the  total  number 
of  reticulocytes  per  c.mm. 
should  be  calculated  because 
their  estimation  as  a  percent¬ 
age  introduces  the  fluctuating 
figure  of  the  red  cell  count 
which  makes  comparison  of 
percentage  figures  meaningless. 

Another  alteration  in  the  red 
corpuscles  is  known  as  punotate. 

basophilia  (Fig.  289).  In  this  condition  some  red  co^^cles  are 
studded  -with  minute  granules  which  gi-v^e  a  marked  basophil  reaction. 


Fig.  289. — ^Fihn  of  blood  from  a  case  of 
pemieious  ansemia ;  punctate  baso¬ 
philia  is  present  in  a  red  corpuscle. 
Leishman’s  stain.  X  t,00'0. , 
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Punctate  basophilia  occurs  especially  in  anaemias  produced  by  toxic 
substances.  It  is  often  a  well-marked  feature  in  chronic  lead-poison¬ 
ing  ;  it  may  then  occur  when  there  is  little  anaemia,  and  its  presence 
is  sometimes  of  value  in  diagnosis.  It  is  met  vdth  in  pernicious 
anaemia  and  may  be  produced  experimentally  by  various  haemolytic 
poisons.  Punctate  basophilia  may  be  associated  vdth  polychromato- 
phiha  in  the  same  corpuscle,  and  the  appearance  is  as  if  the  one 
condition  sometimes  passes  into  the  other,  the  diffuse  basophilia 
becoming  less  marked  as  the  granules  become  more  distinct.  It 
would  seem  that  punctate  basophilia  is  an  abnormahty  produced  in 
most  cases  by  toxic  action  on  the  er3rthr oblasts,  as  these  show  the 
condition  as  well  as  the  erjrthrocytes.  In  part  it  represents  a  granular 
change  in  the  basophil  substance  of  the  young  erythrocytes,  but  in 
some  conditions  the  granules  are  found  to  give  a  distinct  prussian  blue 
reaction  for  iron,  from  which  the  cells  have  been  termed  skier ooytes. 
Such  basophihc  iron- containing  inclusions  (Pappenheimer  bodies)  are 
found  in  the  red  cells  especially  in  some  forms  of  acquired  haemolyhic 
anaemia  but  also  in  lead  poisoning,  and  they  become  much  more 
abundant  after  splenectom}^  (McFadzean  and  Davis).  They  probably 
represent  interference  with  the  incorporation  of  iron  in  the  proto- 
porph}Tin  molecule. 

Cahofs  ‘  Bing -bodies.''  Special  interest  is  attached  to  the  ring-bodies 
described  by  Cabot,  and  thought  by  him  to  represent  nuclear  remains.  They 
are  outlined  by  continuous  threads  which  usually  form  rings,  but  also  loops, 
figures  of  eight  and  rosettes  ;  occasionally  granules  are  present  along  the  course 
of  the  threads.  The  corpuscles  in  which  they  lie  are  usually  polychromatic 
or  show  punctate  basophilia.  They  are  met  with  especially  in  pernicious  anaemia 
but  occur  also  in  other  forms  of  anaemia.  Ring-bodies  are  usually  supposed 
to  be  comparatively  rare,  but  McGluskie  was  able  to  demonstrate  them  hi  eight 
successive  eases  of  pernicious  anaemia. 

(E)  Presence  of  Erythroblasts.  The  term  erythrohlast  is  used 
throughout  in  the  general  sense  to  mean  nucleated  red  blood  cells  of 
all  types.  Those  present  in  normal  marrow^  are  called  normoblasts 
and  those  found  when  there  is  a  deficiency  of  the  liver  principle  are 
called  7negaloblasts.  Nucleated  red  corpuscles,  which  normally  are 
present  in  the  adult  only  in  the  marrow,  appear  in  the  circulating 
blood  in  a  variety  of  conditions. 

Normoblasts  are  of  about  the  size  of  an  ordinary  red  corpuscle 
or  a  little  larger,  and  have  a  single  spherical  nucleus  which  is 
very  rich  in  chromatin  and  thus  stains  very  deeply.  The  nucleus 
may  show  a  coarse  reticulum  of  deeply  staining  chromatin,  or  it 
may  appear  very  dense  and  practically  homogeneous,  the  latter  being 
the  common  appearance  of  the  smaller  nuclei,  which  are  met  with  in 
the  more  mature  erythroblasts  (Fig.  293^^).  The  nucleus  may  be 
fragmented  into  two  or  more  rounded  pyknotic  portions.  Normoblasts 
may  appear  in  the  blood  in  various  types  of  anaemia.  Occasionally 
a  large  number  appear  somewhat  suddenly  in  the  circulation  ;  such 
an  oeeurreiice  is  known  as  a  f  blood-crisis,’  and  it  usually  indicates  a 
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period  of  specially  active  regeneration  (Fig.  307).  Normoblasts  are 
sometimes  very  numerous  in  the  myeloid  form  of  lenksemia. 

Megalohlasts,  as  their  name  indicates,  are  of  larger  size  :  the 
nucleus  is  fairly  large,  is  usually  of  less  mature  character,  stains  less 
deeply  than  the  nucleus  of  a  normoblast,  and  shows  a  somewhat 
granular  or  reticular  structure  (Fig.  2875) ;  in  later  forms  it  may  be 
fragmented  or  pyknotic.  The  cytoplasm  of  megaloblasts  often  gives  a 
polychromatophilic  reaction  of  var;^dng  depth,  and  may  show  punctate 
basophilia.  Mitotic  figures  may  be  observed  in  the  erythroblasts  in 
the  blood,  especially  in  megaloblasts,  but  their  occurrence  is  rare. 
Pernicious  anaemia  is  a  disease  in  which  the  presence  of  megaloblasts 
is  an  important  feature,  and  at  least  a  few  are  to  be  found  as  a  rule ; 
they  are  met  with  similarly  in  the  other  types  of  megalocytic  ansemia 
referred  to  later  (p.  494).  Although  they  are  often  associated  with  a 
few  normoblasts  their  presence  is  certain  proof  of  a  profoundly  abnormal 
type  of  haemopoiesis  in  the  marrow.  It  is  to  be  noted  that  in  anaemias 
in  children,  megaloblasts  appear  much  more  frequently  in  the  circula¬ 
ting  blood  than  they  do  in  adults.  Apart  from  these  conditions,  the 
occurrence  of  megaloblasts  is  relatively  rare. 

Whilst,  as  has  been  said,  the  presence  of  erythroblasts  in  the 
circulation  usually  indicates  special  regenerative  activity  on  the 
part  of  the  bone-marrow,  it  has  not  always  this  significance.  In 
myeloid-  leuksemia,  for  example,  these  cells  are  often  present  in  the 
blood  in  large  numbers,  and  they  would  appear  to  be  swept  into  the 
circulation  along  with  the  other  cells  from  the  marrow  (p.  508). 
When  the  bones  are  extensively  invaded  by  malignant  growth, 
erythroblasts  may  be  present  in  the  blood,  and  this  may  be  due  to 
a  stimulating  effect  on  the  marrow — some  parts  are  destroyed,  the 
others  become  more  active— -or,  on  the  other  hand,  it  may  simply 
represent  the  result  of  disturbance  of  the  marrow  by  the  new  growth, 
or  the  premature  escape  of  cells  from  sites  of  extramedullary  haemo¬ 
poiesis.  Again,  in  some  very  severe  infections,  such  as  haemorrhage 
smallpox,  erythroblasts  may  appear  in  the  blood,  often  accompanied 
by  a  few  myelocytes  ;  there  is  here  no  question  of  special  regenerative 
activity,  and  probably  both  types  of  cells  enter  the  blood  as  a  result 
of  damage  done  by  toxic  action  to  the  delicate  structure  of  the  marrow. 
The  appearance  of  small  numbers  of  erythroblasts  in  the  blood  shortly 
before  death,  is  probably  to  he  interpreted  in  a  similar  manner. 

Variations  in  the  Fragility  of  the  Red  Corpuscles.  It  is  well  known 
that  when  red  corpuscles  are  placed  in  a  hypotonic  salt  solution  they  hmom.& 
swollen  and  finally  rupture,  the  hsemoglobin  dissohfing  out.  The  highest 
concentration  at  which  this  occurs  may  be  taken  as  indicating  the  resistance 
(‘minimum  resistance ’)  of  the  corpuscles.  With  a  normal  blood,  the  fet 
trace  of  lysis  is  usually  seen  in  a  concentration  of  0-42-0-46  per  cent,  of  sodium 
chloride  ;  initial  lysis  occurring  below  0-4  or  above  0*5  per  cent,  may  be  taken 
as  indicating  an  abnormal  condition,  and  is  spoken  of  as  increased  or  as  dimmish^ 
resistance  respectively  ,*  in  some  cases  the  abnormality  may  be  detected  oMy 
by  careful  quantitative  methods.  Diminished  resistance  is  more  often  described 
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as  increased  fragility.  The  resistance  of  the  red  cells  depends  largely  on  their 
shape  and  particularly  on  the  thickness/diameter  ratio.  In  hypotonic  solutions 
the  cells  swell  to  a  globular  shape,  after  which  further  entry  of  fluid  causes 
over-distension  and  rupture.  It  is  to  be  expected  that  the  cells  with  the  smallest 
thickness/diameter  ratio  would  be  capable  of  the  greatest  increase  in  volxime 
before  reaching  bursting  point,  i.e.  would  be  the  most  resistant,  and  this  is 
borne  out  by  comparative  observations  in  other  mammals,  the  resistance  of 
whose  cells  is  found  to  be  inversely  proportional  to  their  thickness/diameter 
ratio  (Haden).  Observations  in  man  are  also  in  agreement,  for  the  best-known 
example  of  diminished  resistance  (increased  fragility)  is  met  with  in  hereditary 
spherocytosis,  the  familial  type  of  acholuric  jaxmdice  with  splenic  enlargement 
w^here  the  -minirmrm  resistance  may  be  at  0*6  per  cent,  or  even  higher.  The 
fragihty  may  be  increased  somewhat  in  other  hsemolytic  anaemias  and  cachectic 
conditions,  but  the  results  obtained  are  not  constant.  A  marked  increase  of 
the  resistance  has  been  observed  in  the  thin  flat  cells  of  hereditary  leptocytosis 
and  also  to  a  less  extent  in  pernicious  anaemia.  In  the  anemia  experimentally 
produced  by  phenylhydrazine  and  in  obstructive  jaundice,  the  resistance  of 
the  red  corpuscles  is  usually  distinctly  increased,  but  this  may  be  of  a  different 
nature. 

Sedimentation  Rate.  This  is  a  subject  which  has  been  extensively  studied 
in  recent  years.  The  general  principle  is  to  add  an  anti-coagulant  to  a  certain 
amount  of  blood,  place  the  mixture  in  an  upright  calibrated  tube  and  observe 
the  rate  of  sedimentation  of  the  red  corpuscles,  as  indicated  by  the  length  of 
the  column  of  clear  fluid  after  a  given  period  of  time.  This  can  be  compared 
with  the  normal  rate.  Variations  in  disease  are  chiefly  in  the  direction  of  in¬ 
creased  rapidity  of  sedimentation  and  these  generally  indicate  increased  meta¬ 
bolism  or  breakdown  of  tissue  as  produced  by  toxic  and  infective  conditions. 
The  test  has  no  specific  value  but  has  been  found  useful  as  an  aid  to  detection 
of  organic  disease  in  the  absence  of  physical  signs,  and  notably  as  a  prognostic 
aid  in  a  particular  condition,  e.g.  in  tuberculosis,  rheumatoid  arthritis.  Approxi¬ 
mation  of  the  rate  to  normal  is  taken  as  a  favourable  sign. 


THE  LEUCOCYTES 

Introductory.  In  considering  the  part  played  by  leucocytes  in 
disease,  the  distinction  between  the  myeloid  and  lymphoid  tissues  is 
of  prime  importance.  The  two  tissues  differ  in  their  place  and  time 
of  development  in  the  foetus,  and  also  as  regards  the  cells  derived 
from  them  both  in  foetal  and  in  adiilt  life  ;  moreover  in  disease  they 
react  independently,  are  the  seat  of  different  lesions,  and  there  is  no 
evidence  of  transition  between  the  cells  of  the  one  series  and  those  of 
the  other.  Myeloid  tissue,  restricted  to  the  red  bone-marrow  in  the 
adult,  produces  by  proliferation  of  the  myelocytes  all  the  granular 
leucocytes  ;  and  with  the  myelocytes,  areas  of  proliferating  erythro- 
blasts  are  usually  associated.  Thus  it  follows  that  most  of  the  mor¬ 
phological  changes  in  the  blood  are  either  the  result  of  reaction  on 
the  part  of  the  cells  of  the  myeloid  tissue  or  the  effects  of  diseases 
of  it.  Besponse  to  the  requirements  of  the  body  or  to  stimulation 
has  now  been  very  fully  studied,  alike  in  the  case  of  the  red  corpuscles, 
the  neutrophil  and  eosinophil  leucocytes  ;  and  the  mode  of  reaction 
is  fairly  well  understood  (p.  69).  Possibly,  non-granular  cells  of 
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the  marrow  react  in  a  similar  way.  The  lymphoid  tissue,  on  the  other 
hand,  is  essentially  related  to  the  lymph  stream,  and  the  cells  pro¬ 
duced  by  it  are  all  of  the  non-granular  tj’pe.  Its  diseases  are  of  a 
different  kind,  and  it  is  remarkable  how  widespread  its  lesions  may 
sometimes  be  without  accompamdng  change  in  the  blood.  There  is, 
in  fact,  in  lymphoid  tissue  no  structural  arrangement  such  as  exists 
in  the  marrow  by  which  its  cells  may  pass  easih’  into  the  blood  in 
response  to  chemotaetio  influences.  hTevertheless  lymphocytes  are 
constantly  entering  the  blood  stream  in  the  thoracic  duct  lymph  and 
are  constantly  leaving  it  to  enter  the  mucosa  of  the  alimentary  tract 
and  the  perivascular  connective  tissues.  Their  numbers  in  the  peri¬ 
pheral  blood  remain  remarkably  constant,  but  the  mode  of  regulation 
is  quite  obscure. 

There  has  been  much  discussion  as  to  the  origin  of  the  mononuclear 
leucocytes  or  monocytes  but  the  general  tendency  now  is  to  regard 
them  as  derivatives  of  the  retieulo-endothelial  system.  According  to 
this  view  they  may  be  regarded  as  the  homologues  in  the  blood  of  the 
tissue  histiocytes,  and  certainly  the  two  classes  of  cells  agree  closely 
in  their  functional  activities.  Some,  however,  put  monocytes  in  the 
lymphocyte  class  ;  others,  again,  regard  the  bone-marrow  as  the  chief 
site  of  their  formation.  As  wiU  be  described  below,  the  monocydes 
react  to  various  chemotaetio  stimuli  and  appear  in  increased  numbers 
in  the  blood  in  certain  conditions,  though  the  reaction  is  less  rapid 
than  that  of  the  polymorpho-nuclears. 


Oxydase  Reaction.  CeUs  of  the  myeloid  series  contain  certain  enzjmes 
not  possessed  by  those  of  the  lymphoid  tissues.  One  of  these  is  an  oxidising 
ferment  or  oxydase,  whose  presence  can.  he  shown  by  its  ability  to  produce 
certain  colour  reactions  by  utilising  oxygen  either  from  the  air  or  from  hydrogen 
peroxide,  the  latter  method  being  now  more  commonly  used.  ^'ITien  granular 
leucocytes  are  exposed  to  a  mixture  eontaming  sodium  nitroprusmde.  h^i- 
dene  and  hydrogen  peroxide  they  assume  a  deep  blue-black  colour.  The  leaetion 
is  given  aio  by  the  myelocytes,  and  to  a  slight  extent  by  the  myeloblasts 
altLugh  some  of  the  latter  may  react  negatively.  The  lar^  mononuclears  of 
the  blood  likewise  give  a  sUght  oxydase  reaction  ;  on  the  other  hand  lymphocj^^ 
never  give  a  positive  reaction.  The  test  has  been  of  service  m  mterpretmg  the 
nature  of  the  ceUs  in  acute  leukemias,  and  it  may  be  said  that  the  eefls  giving  a 
positive  reaction  are  not  of  the  lymphocyte  class  ;  at  the  same  rune  it  m^t  be 
Lme  in  mind  that  the  earHest  myeloblasts  may  react  negatively.  Kie 
leucocytes  (at  least  neutrophils)  contain  also  proteolytic  ei^^es,  ^^^hich  the 
softening  of  the  tissues  in  suppuration  and  the  autolysis  of  tissues  rich  in  t  e 
cells  are  due.  Such  enzymes  have  not  been  found  m  lymphocytes. 

Changes  in  the  leucocytes  in  disease  are  of  great  variety ,  and  we 
can  give  only  the  more  important  facts.  The  total  nuniher  may 
he  either  increased  or  diminished  and  the  terms  Imcoc^osis  and 
Teucopenia  are  then  applied  respectively.  Variations  m  the 
tion  of  the  different  cells  also  occur,  as  shown  by  a  differential  count, 
and  these  may  he  met  with  whatever  the  total  number  of  leucocytes 
may  be.  Enrther,  cells  of  the  myelocyte  series^  normally  present 
only  in  the  marrow,  may  appear  in  the  blood. 
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NeutropMl^  or  Ordinary  Leucocytosis.  The  principles  on 
which  this  is  produced  have  already  been  explained  (p.  67).  The 
iminber  of  leiicocyt.es  per  c.mm.,  normally  4:-10,000,  may  rise  to 
50,000  or  even  more,  but  such  high  figures  are  rare,  and  20,000  to 
25,000  may  be  regarded  as  a  marked  leucocytosis.  The  increase 
is  mainly  on  the  part  of  the  polymorpho-nuclear  leucocytes,  which 
may  number  more  than  90  per  cent,  of  the  total  cells  (Fig.  290). 
Varieties  of  leucocytosis  are  usually  distinguished  as  (a)  inflammatory 
or  infective,  (b)  toxic,  (c)  cachectic,  (d)  post-hsemorrhagic,  but  they 
are  not  to  be  regarded  as  essentially  different  in  nature. 

While  leucocytosis  can  be  produced  experimentally  by  the  injection 
of  definite  chemical  substances,  e.g.  peptone,  bacterial  toxins,  essential 

oils,  etc.,  in  infective  leuco¬ 
cytosis  the  agents  are  chiefly 
the  chemical  products  of  the 
bacteria,  which  act  as  chemo- 
tactic  agents.  Menkin  claims 
that  there  is  in  sterile  inflam¬ 
matory  exudates  a  special 
leukocytosis-promoting  s  u  b  - 
stance,  a  pseudoglobulin,  de¬ 
rived  from  the  damaged  tissues, 
but  such  a  substance,  if 
present,  does  not  exclude 
bacterial  products  from  sig¬ 
nificance  in  bringing  about  the 
usual  infective  leukocytosis. 
Accordingly  there  is  no  essential 
difference  between  infective 
and  toxic  leucocytosis.  All 
inflammatory  conditions  which 
are  characterised  by  an  emigra¬ 
tion  of  polymorpho-nuclear  leucocytes  are  attended  by  a  blood  leuco¬ 
cytosis.  Thus  it  occurs  in  the  various  inflammatory  conditions  caused 
by  the  pyogenic  organisms — m  suppurations,  in  pneumonias,  in  ery¬ 
sipelas,  etc.,  also  in  plague.  In  t5rphoid  fever  there  is  no  such  emigra¬ 
tion  of  the  polymorpho-nu clears,  and  in  the  blood  the  number  of  leuco¬ 
cytes  is  usually  diminished,  chiefly  on  account  of  a  fall  in  the  number  of 
the polymprpho-nu clears.  In  acute  mihary  tuberculosis  without  com¬ 
plications  there  is  no  leucocytosis.  This  is  the  rule  also  in  influenza 
and  other  virus  infections,  unless  bacterial  infections  such  as  pneumonia 

^  The  term  ‘  neutrophil,’  which  is  convenient,  was  originally  applied  by 
Ehrlich  in  view  of  the  reactions  given  by  the  use  of  certain  mixed  stains.  With 
the  eosin-containing  stains  now  ordinarily  used  an  oxyphile  reaction  is  given  by 
the  granules  of  the  neutrophil  leucocytes,  though  the  colour  is  not  quite  of  the 
same  tint  as  that  of  the  granules  of  the  eosinophil  leucocytes,  the  granules  of 
which  axe  also  much  coarser. 
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Fig.  290. — ^Blood  with  iieutrophile 
leucocytosis. 

Xote  the  marked  increase  of  polymorpho-nuclears. 
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are  superadded  ;  in  measles  and  in  undulant  fever  leiieoc}i:.osis  is 
generally  absent.  In  many  chronic  wasting  diseases,  notably  in  cases 
of  malignant  disease  of  the  alimentary  canal,  what  is  often  called 
cachectic  leucocytosis  is  present  along  with  seeondar\^  ansemia.  This  may 
be  regarded  as  a  m.ild  form  of  toxic  leiicocjdosis.  After  a  large  hemor¬ 
rhage,  leucocytosis — -post -hemorrhagic — appears  within  a  few  hours 
and  then  passes  off  in  a  day  or  two  if  the  haemorrhage  is  not  repeated 
(p.  474).  Further,  there  is  evidence  that  a  certain  degree  of  leuco- 
c'^dosis  may  be  produced  by  the  absorption  of  the  products  of  tissue 
disintegration.  The  leucocytosis  met  with  in  cardiac  infarction  is  an 
example  of  such  an  occurrence. 


The  Arneth  and  Coohe-Ponder  Counts.  A  further  analysis  of  the  leucocytes 
may  be  made  by  studying  the  stage  of  development,  i.e.  the  age  of  the  cells. 
Two  methods  may  be  mentioned,  that  of  Ameth  and  that  of  Cooke  and  Ponder. 
In  the  Arneth  count,  the  leucocytes  are  arranged  in  five  classes  according  to 
the  number  of  lobes  of  the  nucleus,  the  youngest  cells  having  a  simple  nucleus^ 
the  next  youngest  two  lobes,  and  so  on  ;  there  are  also  sub-divisions  in  the 
classification.  The  Cooke  and  Ponder  count  depends  on  the  fact  that  as  a 
leucocyte  ages,  the  nuclear  lobes  are  connected  at  first  by  bands  of  chromatin 
and  ultimately  by  filaments.  The  cells  are  arranged  in  five  classes  in  ascending 
series  from  left  to  right—those  with  no  filament,  those  with  one,  two,  three, 
four  filaments.  In  a  normal  blood  the  largest  number  of  leucocytes  is  in 
class  three.  Both  methods  accordingly  show  the  relative  ages  of  the  ceHs  and 
especially  those  which  have  most  recently  left  the  bone-marrow.  In  all  infec¬ 
tions  there  is  a  greater  proportion  of  these  younger  cells,  that  is,  there  is  a  shift 
to  the  left ;  the  extreme  result  is  the  appearance  of  myelocytes  in  the  blood. 
In  some  infections  there  may  be  a  normal  leucocyte  count  with  increase  in  the 
proportion  of  young  ceUs,  and  this  may  he  sometimes  of  service  in  diagnosis 
in  obscure  cases.  In  severe  infections  and  toxic  states  the  young  pcljunorpho- 
nuclear  leucocytes  entering  the  circulation  may  show  morphological  evidence 
of  damage,  in  that  their  cytoplasm  contains  deeply-staining  granules,  of  poor 
oxydase  reaction — toxic  granulation — and  their  nuclei  may  fail  to  segment 
normally,  giving  rise  to  the  so-caUed  ‘  staff  cells.’  Cooke  has  found  that  m 
pernicious  ansemia  a  shift  to  the  right  occurs,  this  indicating  an  abnormally  lugh 
proportion  of  adult  cells. 


Felger  Anomaly.  A  curious  malformation  of  the  leucocytes,^  first  descril^d 
by  Pelger  in  tuberculous  patients,  is  now  recognised  to  be  a  hereditary  condition 
■  transmitted  as  a  Mendelian  dominant  character.  In  affected  mdividuals  the 
nuclei  of  all  classes  of  polymorpho -nuclear  leucocytes  fad  to  become  fully  seg¬ 
mented  as  they  mature,  two  lobes  being  the  maximum,  the  chromatin  is  eoareer 
and  stains  more  intensely.  The  abnormahty  has  also  been  found  in  rabbits 
and  breeding  experiments  have  shown  that  the  affected  animals  are  chiefly 
heterozygotes.  Homozygous  animals  are  more  severely  affected,  the  nuclei 
remaining  quite  round  with  no  trace  of  segmentation,  hut  m  addition  there  are 
multiple  skeletal  abnormalities,  and  the  lesions  aremsuaily  incompatible  with 
life  In  man,  the  heterozygous  condition  has  an  incidence  of  about  1  m  1U,00U 
and  the  abnormality  has  not  been  proved  to  be  harmfiil ;  homozygotes  have 


not  been  recognized  in  man. 


Eosinophilia.  The  increase  of  the  eosinophils  in  the  blood 
proceeds  on  the  same  principles  as  ordinary  leucocytosis,  and  it  is 
usually  met  with  where  there  is  much  local  emigration  of  e^mo- 
phils  into.the  tissues.  It  occurs  in  certain  definite  conditions,  vrz. 
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(a)  Ill  certain  chronic  skin  diseases,  such  as  dermatitis  herpeti¬ 
formis,  urticaria,  psoriasis,  etc., 
eosinophilia  of  moderate  degree 
is  usually  present.  An  increase 
of  eosinophils,  often  met  with 
in  scarlet  fever,  probably  be¬ 
longs  to  the  same  category. 

(6)  In  infestation  with 
certain  animal  parasites,  e.g. 
ankylostoma,  filarise,  trichina 
'  spiralis, bilharzia, echinococcus, 

increase  is  often  very 
.  ’  ^  marked ;  this  is  especially 

1^  the  case  with  nematodes,  the 

percentage  of  eosinophils  in 
ankylostomiasis  sometimes 

Fig.  29].— Eosinophilia  in  ankylos-  reaching  40  or  even  more  (Fig. 
tomiasis  ;  three  eosinophil  and  two  291).  The  examination  of  the 
neutrophil  leucocytes  are  shown. 

ingly  a  diagnostic  importance, 
(c)  In  bronchial  asthma,  eosinophiha  is  usually  present,  and  is  to 
be  related  to  the  local  emigration  of  eosinophils  in  the  bronchial  tubes  ; 
it  occurs  also  in  hay  fever.  Both  asthma  and  hay  fever  are  anaphy¬ 
lactic  conditions  and  these  in  general  are  accompanied  by  eosinophilia. 
It  is  possible  that  eosinophiha  in  skin  diseases  is,  in  part  at  least,  of 
similar  kind,  and  also  the  eosinophilia  of  polyarteritis.  The  real 
nature  of  eosinophilia  is  not  understood,  but  in  a  general  way  it  appears 
to  be  induced  by  abnormal  proteins  and  not  directly  by  bacterial 
infection. 

Further,  in  some  cases  of  malignant  diseases  involving  the  bone- 
marrow,  a  considerable  degree  of  eosinophilia  has  been  observed.  In 
leukaemia  also,  to  be  described  below,  there  is  often  an  increase  of 
eosinophils,  along  vith  increase  in  the  other  types  of  granular  cells, 
and  at  the  same  time  the  eosinophil  myeloc3rbes  may  appear  in  the 
circulating  blood. 

The  oxaposite  condition,  diminution  in  the  eosinophils,  is  a  practi¬ 
cally  constant  response  to  increased  secretion  of  adrenocorticotrophic 
hormone  and  of  adrenal  glucocorticoids ;  counting  the  eosinophils 
has  accordingly  been  proposed  as  a  method  of  estimating  the  hormonal 
response  to  various  abnormal  conditions.  It  must  be  remembered, 


however,  that  the  eosinophil  count  normally  shows  pronounced  varia¬ 
tions  from  person  to  person  and  also  in  the  same  person  at  different 
times  of  day,  and  these  fluctuations  are  so  great  as  to  cast  doubt  on 
the  significance  of  a  few  isolated  observations  on  any  one  individual. 
Nevertheless  it  has  long  been  recognised  that  a  fall  in  the  eosinophil 
count  is  often  present  in  cases  of  acute  infections  with  ordinary  leuco- 
cytosis.  In  lobar  pneumonia,  for  example,  eosinophils  are  practically 
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absent,  as  a  rule,  during  tlie  period  of  fever  :  and  this  may  be  followed 
by  slight  eosinophilia  after  the  crisis.  The  eosinophils  are  diminished 
in  number  along  with  the  neutrophiles  in  aplastic  conditions  of  the 

bone-marrow. 

Lymphocytosis.  This  term  is  often  used  when  there  is  a  per¬ 
centage  increase  of  lymphocytes  in  the  blood,  that  is,  a  relative  lirmpho- 
c3rbosis.  As  diminution  in  the  number  of  leucocytes  is  generally 
due  to  a  fall  in  the  polymorpho-nuclears,  it  is  accompanied  by  a  per¬ 
centage  increase  of  the  lymphocytes,  and  thus  a  relative  Lunpho- 
cytosis  will  occur  in  the  various  conditions  of  leucopenia  mentioned 
below,  pernicious  anaemia,  purpura,  kala-azar,  etc.  A  true  Ijunpho- 
c^dosis,  that  is,  an  actual  increase  in  the  number  of  lymphoc^^tes  per 
c.mm.,  is  met  with  also,  although  it  is  not  common.  It  is  usually 
a  marked  feature  in  smallpox,  especially  in  moderately  severe  cases 
where  both  the  small  and  large  l^unphocytes  are  increased  along 
with  the  mononuclears.  x4n  actual  increase  of  lymphocytes  is  often 
present  in  the  secondary  stage  of  syphihs,  that  is,  at  a  time  when 
there  are  numerous  foci  of  infiltration  by  these  ceEs.  Lymphocytosis 
is  a  distinct  feature  in  glandular  fever  ;  many  of  the  cells  may  be  of 
the  large  type  and  show  abnormal  characters  (p.  537).  It  may  reach 
a  high  level  also  in  whooping-cough,  and  is  said  to  be  not  uncommon 
in  chronic  disturbances  of  the  alimentary  tract  in  childhood.  It 
must  be  kept  in  view,  however,  that  normally  the  proportion  of  .L  ni- 
phocytes  in  the  child  is  higher  than  in  the  adult.  The  number  is 
highest  shortly  after  birth  and  gradually  falls  in  subsequent  pars ; 
alk)wance  fox  this  fact  must  accordingly  be  made  in  judging  of 
increase  or  decrease  of  these  cells.  The  outstanding  increase  of 
lymphoc:ydes,  however,  is  met  mth  m  the  lymphatic  form  of  leukemia 
(p.  509),  and  an  increased  proportion  of  lymphocjdes  may  sometimes 
be  observed  by  a  differential  count  to  precede  the  actual  rise  in  the 
leucocyte  count. 

Increase  of  Mononuclears;  Monocytosis.  The  reaction 
of  the  mononuclear  leucocytes  occurs  more  slowly  than  that  of 
the  polymorpho-nuclears,  and  is  met  with  in  less  acute  conditions. 
Thus  in  an  ordinary  leucocytosis  which  has  lasted  some  time, 
they  may  become  actually  and  sometimes  relatively  increased,  p 
is  well  exemplified  in  acute  pneumonia  about  the  time  of  the  crisis. 
They  react  also  in  certain  protozoal  infections,  e.g.  malaria,  trypano¬ 
somiasis,  and  kala-azar,  in  which  diseases  there  is  no  increase  of  the 
neutrophils.  In  chronic  malaria,  the  presence  of  numerous  mono¬ 
nuclears  is  often  a  striking  feature,  and  some  of  them  may  contain 
smaH  granules  of  pigment ;  this  condition  comes  to  be  of  importence 
in  diagnosis  when  parasites  cannot  be  found.  An  increase  of  the 
mononuclears  is  usually  associated  with  that  of  the  lymphocytes 
in  cases  of  smallpox.  The  term  ‘  monocytic  angina  was^applied  by 
Schulz  to  the  anginose  type  of  glandular  fever  (infectious  mono- 
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iiiicleosis),  but  it  is  not  yet  agreed  'whether  the  cells  are  abnormal 
lymphocytes  or  monocytes  (p.  537).' 

The  most  remarkable  example  of  monocytosis  in  relation  to 
bacterial  infection  is  that  recorded  by  Murray,  Webb  and  Swann. 
They  fomid  that  a  bacillus — B.  monocytogenes— whioh  they  cultivated 
from  an  epizootic  amongst  rabbits,  produced  on  experimental  inocula¬ 
tion  of  rabbits  a  marked  reaction  of  the  mononuclear  leucocytes.  In 
extreme  examples  these  cells  numbered  fuUy  6,000  per  c.mm,  and 
their  percentage  reached  over  forty.  Monocytosis  has  been  also 
observed  in  tetrachlorethane  poisoning,  there  being  sometimes  a 
progressive  increase  of  monocytes  up  to  a  similar  percentage  (Minot 
and  Smith). 

There  is  also  a  form  of  leukaemia  in  which  the  cells  in  excess  are 
monocytes — monocytic  leukcemia  (p.  513). 

An  important  point  is  that  in  supravital  stauiing  by  neutral  red 
(a  1 : 10,000  solution  in  normal  saline)  the  monocytes  ingest  the  dye, 
which  forms  numerous  small  segregation  granules  in  the  cytoplasm  ; 
sometimes  these  granules  are  arranged  in  rosettes.  Supravital  staining 
again  hnks  the  monocytes  with  the  histiocytes  although  minor  differ¬ 
ences  occur  in  the  arrangement  of  granules.  As  stated  above,  the 
monocytes  give  a  positive,  though  slight,  oxydase  reaction. 

Leucopenia.  This  change,  which  means  diminution  in  the 
number  of  circulatiag  leucocytes  below  the  normal  lower  limit  of 
4,000  per  c.mm.,  is  met  with,  in  both  acute  and  chronic  conditions. 
Its  occurrence  in  typhoid  fever  has  already  been  noted,  and  some¬ 
times,  in  conditions  which  are  usually  attended  by  leucocytosis,  an 
overwhelming  infection  leads  to  leucopenia.  This  is  seen,  for  example, 
in  some  cases  of  acute  pneumonia,  especially  in  alcoholics  ;  and  the 
absence  of  leucocytosis  or  the  presence  of  leucopenia  has  a  grave  sig¬ 
nificance,  and  may  be  attended  by  the  appearance  of  a  few  myelocytes 
in  the  blood.  Leucopenia  is  met  with  in  various  anamias  and  in 
many  purpuric  conditions.  The  number  of  leucocytes  may  sometimes 
fall  in  such  conditions  to  1,000  per  c.mm.,  being  associated  with  a 
relative  lymphocytosis.  Leucopenia  may  also  result  from  the  action 
of  certain  chemical.^poisons ,  on  the  marrow.  An  interesting  fact  is 
that  in  anaphylactic  shock  a  marked  leucopenia  may  occur  with 
great  rapidity,  and  is  apparently  due  mainly  to  an  accumulation  of 
leucocytes  in  the  capillaries  of  internal  organs.  A  special  form  of 
chronic  leucopenia  associated  with  splenomegaly  is  considered  later 
(p.  531).  Leucopenia,  usually  representing  as  it  does  a  deficiency  in 
granular  leucocytes,  is  sometimes  called  agranulocytosis,  but  this  term 
is  generally  applied  to  the  special  and  severe  form  described  below. 

J  Agranulocytosis.  This  is  a  condition  in  which  there  is  a  marked 
leucopenia  with  great  diminution  of  the  polymorpho-nu clears.  The 
erythrocytes  and  the  platelets  are  usually  not  affected.  Such  a  con¬ 
dition  has  in  recent  times  been  found  to  be  especially  associated  with 
a  severe  inflammation  of  the  fauces  and  gums,  which  may  be  followed 
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bA"  gangrene — agranulocytic  angina.  This  afiectioii  lias  been  met  A\itli 
chiefly  in  AA^omen  and  is  attended  by  a  high  mortality,  but  subacute 
and  relapsing  or  cyclical  cases  are  also  encountered-  Examuiatioii 
of  the  marroAA^  has  shoAAn  in  most  cases  an  almost  complete  absence 
of  polymorpho-nuclears  and  sometimes  also  a  great  diminution  of 
myelocytes  Avhich  may  be  attended  by  degeneratiA-^e  changes  in  the 
cells.  As  a  rule  myeloblasts  are  readily  found  and  there  is  no  defieieiicy 
in  the  amount  of  marroAA^  but  sometimes  aplasia  of  myeloblasts  has 
been  recorded.  The  essential  change  may  thus  be  said  to  be  a  failure 
in  the  maturation  of  the  myeloblasts  AAuth  consequent  deficiency  in 
the  supply  of  leucocytes  to  the  blood. 

It  has  been  established  that  an  abnormally  low  leucocyte  count 
precedes  the  seA^ere  infection  of  the  throat  or  other  region.  We 
may  thus  say  that  there  is  a  X3re-existmg  niarroAv  abnormality  evi¬ 
denced  by  failure  in  the  reactive  production  of  fjolymorpho -nuclear 
leucocytes.  The  infection  becomes  more  severe  in  consequence  and 
in  its  turn  acts  injuriously  on  the  marrow  and  increases  the  agranu¬ 
locytosis  ;  a  vicious  circle  is  thus  established.  Sometimes  a  familial 
tendency  has  been  obserA^ed.  A  very  important  fact  is  that  in  the 
large  majority  of  cases  the  condition  has  folloAA^ed  the  administration 
of  certain  synthetic  analgesic  drugs.  Barbiturates  were  at  one  time 
belieAmd  to  be  the  chief  agents  concerned,  but  it  is  doubtful  AAdiether 
they  act  by  themselves,  and  it  is  now  recognised  that  amidop^Tine 
and  allied  compounds  are  chiefly  concerned,  though  there  are  others  ; 
e.g.  dinitrophenol  used  in  slimming,  gold,  sanacrysin,  etc.  Thioiiracil, 
used  in  the  treatment  of  hyperthyi-oidism,  gives  rise  to  some  degree 
of  agranulocjrtosis  in  about  2  per  cent,  of  cases.  It  is  to  be  noted  that 
the  effects  of  amidopATine  in  susceptible  individuals  are  different 
from  those  of  simple  poisoning  with  the  drug,  and  that  the  dose 
sufficient  to  produce  the  disease  in  those  susceptible  persons  may 
be  relatively  small,  in  fact  a  fraction  of  the  poisonous  dose.  It  is 
believed  that  sometimes  a  small  dose  may  act  as  a  sensitising  dose, 
severe  symptoms  developing  after  another  dose  later .  In  cases  .wffiere 
drugs  are  not  concerned  Are  must  regard  the  disease  as  the  effect  of 
the  infection  itself  acting  on  a  marrow^  with  want  of  reacting  poAA-er. 
One  cannot  say  whether  or  not  this  is  an  inborn  idiosyncrasy.  When 
the  granular  leukocytes  are  greatly  reduced  in  number  as  part  of  a 
general  affection  of  the  marrow,  e.g.  in  aplastic  ansemia,  tympliatic 
feuksemia,  etc.,  similar  acute  infections  are  apt  to  follow:  this  may 
be  called  symptomatic  agrawuhcytosis, 

XIi6  Pr6seiiC6  of  Myelocytos*  The  appearance  of  these  cells 
in  the  blood  has  an  important  clinical  significance.  In  addition  to 
myeloid  leuksemia,  where  their  presence  in  large  numbers  along  with 
myeloblasts  is  a  prominent  feature,  they  are  met  with  in  pervious 
ansemia,  but  only  occasionany  and  in  smafl  numbers.  On  the  other 
hand,  in  the  ansemia  accompanying  secondary  carcmoma  of  the  bone- 
marrow  or  myelofibrosis,  m,yelocytes  may  be  found  in  relatively  large 
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immberSj  as  may  also  nucleated  red  cells  (p.  502),  and  the  term  ieiiko- 
erythroblastosis  lias  been  applied.  It  is  to  be  noted  that  myelocytes 
appear  in  the  blood  more  frequently  in  the  anaemias  of  childhood  than 
in  those  of  adult  life.  A  few  myeloc^des  may  be  found  also  in  some 
very  severe  infections,  the  most  striking  example  perhaps  being 
,  hemorrhagic  smallpox.  In  such  conditions  their  appearance  in  the 
blood  is  probably  due  to  damage  done  to  the  marrow  by  toxins,  which 
allows  their  escape  into  the  circulation  ;  it  can  hardly  be  regarded 
as  a  reactive  phenomenon.  It  may  be  noted  that  in  the  various 
conditions  mentioned  where  myelocytes  are  present  in  the  blood,  they 
are  often  accompanied  by  erythroblasts. 

Another  abnormal  form  of  cell  met  with  in  infections  and  anaemias  along 
with  myelocytes  is  that  called  by  Cooke  the  ‘  macropoly cytef  of  which  he 
describes  two  t3q)es.  One  resembles  a  polymorpho -nuclear  leucocyte,  but  is 
considerably  larger  and  has  many  nuclear  lobes  well  separated  from  one  another ; 
he  finds  that  it  has  no  special  significance.  The  other  cell  resembles  a  small 
megakaryocyte  of  the  bone-marrow  in  the  characters  of  its  protoplasm  and 
nuclear  configuration.  This  cell  appears  to  occur  in  the  blood  only  a  short 
time  before  death.  It  has  thus  a  serious  prognostic  significance ;  in  fact,  its 
appearance  in  the  blood  may  be  regarded  almost  as  an  agonal  phenomenon. 


The  Basophil  Leucocytes.  In  myeloid  leuksemia  these  cells 
sometimes  take  part  in  the  leucocyte  increase,  their  proportion,  how¬ 
ever,  varying  considerably  ;  sometimes  they  are  scanty,  sometimes 
numerous.  In  the  latter  case,  basophil  myelocyi}es  also  may  appear. 
In  various  chronic  wasting  diseases,  an  increase  of  basophils  in  the 
blood  may  be  occasionally  met  with,  hut  it  seems  to  occur  in  an 
irregular  way,  and  there  is  no  condition  known  which  regularly  calls 


forth  a  basophil  leucocytosis. 


‘  t 


■» « 


Fig.  '492.- 


■Blood  in  thrombocythsemia^ 
showiag  great  increase  of  platelets, 
regularly  distributed.  (The  number  was 
over  3,000,000  per  c.mm.)  (Br.  J. 
Reid.)  X  500. 


The  granules  of  these  cells  usually 
give  a  metachromatic  re¬ 
action,  staining  of  a  purplish 
tint,  and  the  cells  are  known 
as  ‘  mast-ceUs.’  It  is  to  be 
noted,  however,  that  mast- 
cells  are  also  met  with  in  the 
tissues,  and  have  probably  a 
local  origin.  In  the  rare  skin 
disease  urticaria  pigmentosa 
great  accumulations^  of  mast- 
cells  appear  in  the  skin  and 
internal  organs,  but  their 
significance  is  unknown.  The 
view  that  the  granules  are 
composed  of  heparin  has 
already  been  referred  to 

(p.  80). 

Blood  Platelets.  Variations 
ha  the  number  of  platelets  is 
of  common  occurrence.  Increase 
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is  the  rule  in  chronic  diseases  where  there  is  leueoejdosis,  especialij’  w’hen 
associated  with  anaemia,  e.g.  malignant  disease,  elironie  suppuration,  etc.. 
In  acute  leucocytosis,  however,  the  number  may  not  be  raised.  Such  increase 
of  platelets  may  conveniently  be  called  thrombocytosis  and  it  has  merely  a 
sjunptomatic  significance.  Inmost  of  the  angemias  where  there  is  leukopenia  the 
platelet  count  is  reduced  and  may  be  markedly  so,  e.g.  in  pernicious  ansemia, 
aplastic  anaemia,  etc.  In  chronic  myeloid  leukaemia  the  number  may  be  very 
liigb  ;  we  have  seen  over  1,000,000  per  c.mm.  in  one  ease.  On  the  other  hand, 
in  the  lymphatic  and  acute  tj^es  of  the  disease,  scarcity  of  platelets  is  the  rule. 

There  are,  however,  conditions  in  which  there  is  some  fundamental  abnormality 
in  platelet  formation.  A  very  low  count  is  a  feature  in  one  form  of  purpura — 
accordingly  called  thrombocytopenic  purpura — which  will  be  described  later. 
Then  there  is  a  very  rare  disease  in  which  the  platelet  count  is  very 
high,  a  count  of  over  3,000,000  per  c.mm.  ha\dng  been  obser\’ed  (Fig-  292). 
This  condition  is  associated  with  a  tendency  to  thrombosis  and  hsemorrhage, 
and  the  disease  is  known  as  haemorrhagic  thromboc^dhaemia.  Its  causation 
is  unknown,  but  a  great  increase  of  megakaryocytes  in  the  bone-marrow  has 
been  observed  (J.  Reid).  An  apparent  abnormality  in  platelets  has  been  ob¬ 
served,  in  haemophilia,  where  there  is  an  increased  stability  so  that  they  break 
down  in  shed  blood  more  slowly  than  normally  (p.  517),  but  the  fundamental 
defect  here  may  be  in  the  plasma  rather  than  in  the  platelets. 


TYPES  OF  ANEMIA 

Ansemia  is  defined  as  a  rednction  in  the  percentage  of  hsemogiobiii, 
i.e.  a  rednction  in  the  nnmber  of  grams  of  hsemoglobin  per  100  ml. 
of  blood,  and  is  usually  but  not  invariably  accompanied  by  reduction 
in  the  number  of  cells  (oligocythsemia).  Ansemia  develops  when  the 
rate  of  regeneration  fails  to  keep  pace  with  wear-and-tear  destmction, 
especially  when  this  is  increased  or  supplemented  by  loss  of  blood 
by  extravasation.  Accordingly  a  simple  classification  of  the  ansemias 
can  be  made  as  follows  : 

r 

I  A.  Excessive  loss  or  I 

destruction.  ]  .  .  „  ^  |coiigenital 


Ansemia 


fextravascular  =  post  (e^nic 


[intravascular  =  hemolytic  {acquired  ' 


B. 


Failui'e  of 
output 


("faulty  formation^ 
leading  to  marrow 
hyperplasia  with 
diminished  output 


diminished  volume 


of  marrow 


:  dyspoietio 


hypoplastic 
>  =  and 

aplastic 


''deficiency  of  liver 
■■  principle,  folic 
acid,  etc. 

I  deficiency  of  .iron, 
etc. 

''primary 

I  secondary  or 
L  toxic. 


A  more  detailed  classification  is  of  little  value  since  in  many 

ansemias  more  than  one  process  is  concerned.  For  example,  in 
pernicious  ansemia,  Tvhich  is  due  to  lack  of  formation  of  the  hsemopoietio 
factor  contained  in  liver,  there  is  not  only  insufficient  output  of  oelk 
but  the  cells  produced  wear  out  too  quickly,  i.e.  excessive  hjemolysis 
is  also  concerned  in  the  pathogenesis  of  the  ansemia.  Again  idiopathic 
microc3d;ic  ansemia  is  frequently  associated  with  chronic  blood  loss, 
which  undoubtedly  aggravates  the  fundamental  fault  of  iron  deficiency. 
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FOST-EMMOBREAGIC  AN  M  MI  A 

The  restoration  o£  the  fluid  part  of  the  blood  after  haemorrhage 
has  already  been  dealt  with  (p.  40)  ;  it  leads,  of  course,  to  dilution 
of  the  blood  with  accompanying  fall  in  the  number  of  erythrocytes 
per  c.mm.  The  first  evidence  of  regeneration  of  red  corpuscles  after 
a  large  haemoiThage  is  a  progressive  increase  in  the  number  of  reticu¬ 
locytes,  and  the  degree  of  increase  is  an  indication  of  hsemopoietic 
activity.  They  show  a  varying  degree  of  polychromasia  in  ordinary 
films.  Along  with  them  a  few  normoblasts  may  be  present,  and,  if 
there  are  repeated  haemorrhages,  they  may  become  fairly  abundant. 
As  regeneration  becomes  complete  the  reticulocytes  gradually  return 
to  their  normal  level  and  normoblasts  disappear.  These  are  the 
essential  changes  indicating  regeneration,  and  they  are  related  to 
active  proliferation  of  erythroblasts  m  the  bone-marrow,  in  which 
they  come  to  form  a  larger  proportion  of  the  cellular  elements  of 
the  marrow  than  normally.  A  polymorpho-nuclear  leucocytosis  of 
moderate  degree  appears  within  a  few  hours  after  haemorrhage  ;  it 
passes  off  in  two  or  three  days,  and  the  leucocyte  count  remains 
normal  unless  the  haemorrhage  is  repeated.  Loss  of  blood,  either 
acute  or  chronic,  is  by  far  the  commonest  cause  of  anaemia  and  should 
always  be  searched  for. 

In  certain  conditions,  e.g.  severe  epistaxis,  repeated  bleeding  from 
gastric  ulcer,  piles,  or  tumours  of  various  kinds,  etc,,  a  chronic  anaemia 
of  severe  type  may  result.  The  most  striking  examples  used  to  be  met 
with  in  cases  of  bleeding  uterine  myomata,  and  the  anaemia  was  some¬ 
times  extreme.  This,  however,  is  now  comparatively  rare,  owing  to 
operative  treatment.  In  chronic  post-haemorrhagic  anaemia  the  number 
of  red  corpuscles  may  occasionally  fall  to  a  million  per  c.mm.  or  even 
lower.  The  corpuscles  come  to  vary  considerably  in  size,  the  smaller 
forms  predominating  ;  there  may  be  a  considerable  number  of  poikilo- 
cytes,  while  a  few  normoblasts  may  be  present.  The  red  corpuscles 
appear  paler  than  normal,  and  the  M.C.H.C.  and  colour  index  are 
reduced  m  a  moderate  degree,  though  not  so  much  as  in  primary 
microcytic  ansemia. 

The  process  of  regeneration  after  one  or  two  large  haemorrhages 
is  relatively  rapid  provided  there  is  the  normal  reserve  of  about  600  mg. 
iron  (Hynes),  and  a  miUion  corpuscles  per  c.mm.  or  more  may  be  added 
within  a  week.  Acute  loss  of  a  pint  of  blood  (540  ml.)  is  made  good 
by  the  withdrawal  of  270  mg.  of  iron  from  reserve  and  since  the  average 
mixed  diet  provides  only  about  4-5  mg.  of  available  iron  per  day  it 
may  take  over  two  months  to  replace  this  loss  of  reserve  iron  from  the 
diet  alone.  When  ansemia  has  existed  for  some  time  owing  to  repeated 
haemorrhages  the  marrow  undergoes  erythroblastic  hyperplasia,  showm 
by  a  proportionate  increase  of  the  red  marrow  in  the  short  and  flat 
bones  and  also  by  an  extension  of  the  red  marrow  down  the  shafts 


of  the  long  bones.  Mcroscopically  sncii  marrow  contains  an  increased 
proportion  of  normoblasts,  both  early  and  late  forms. 

After  repeated  or  continued  haemorrhages  regeneration  becomes 
slower  because  of  exhaustion  of  the  iron  reserxes,  in  spite  of  the 
greatly  increased  capacity  for  red-cell  production  in  the  hj'perplastic 
marrow.  Lack  of  iron  thus  restricts  the  output  of  red  cells  and  such 
cells  as  are  formed  are  of  reduced  size  and  are  inadequately  filed  mth 
hsemoglobin.  The  resulting  anaemia  is  therefore  microcytic  and  hj’po- 
chromic.  The  amount  of  chronic  Mood  loss  sufficient  to  bring  about 
this  state  is  not  large ;  since  the  average  dietary  yield  of  available 
iron  is  only  4-5  mg.  representing  8-10  ml.  blood,  daly  loss  in  excess 
of  this  depletes  the  iron  reserves  and  when  these  are  exhausted  the 


/  (a) 

Fig.  293. — ^Erythroblastic  reaction  after  haemorrhage. 

(a)  Film  of  sternal  marrow,  sliowing  mimerons  normoblasts  at  various  stages  of  (levelopinent, 

“secttm  rf  marrow -flye  Oays  after  severe  temorrtage ;  abundant  normoblasts 

encroaching  on  the  fat  si)aces.  X  500. 


excess  loss  cannot  be  replaced.  .Experiments  on  animals  have  shown 

that  blood  regeneration  is  more  rapid  after  destruction  of  blood 
corpuscles  by  a  hinmolytic  poison  than  after  hsemorrhage,  and  this 
is  apparently  due  to  the  fact  that  in  the  former  ease  iron  and  possibly 
other  substances  used  in  the  formation  of  red  corpuscles  are  retained 
in  the  body  and  used  over  again.  The  importance  of  iron  therapj 
in  convalescence  after  hsemorrhage  is  obvious. 

‘  Secondary  Amemia.’  This  term  has  now  largely  faUen  into 
disuse.  It  was  formerly  applied  to  anaemia  resulting  from  various 
types  of  organic  disease  such  as  malignant  disease,  chronic  suppura¬ 
tion,  chronic  Bright’s  disease,  etc.  Whilst  it  has  not  a  definite  place 
in  modern  haematological  schemes,  it  had  the  advantage  of  emphasismg 
the  fact  that  anaemia  may  he  the  result  of  organic  disease  outeide 
the  haemopoietic  system.  To  speak  generaUy,  the  blood  changes 
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correspond  more  or  less  closely  with  those  in  chronic  post-hsemorrhagic 

ansemia,  with  the  exception 
.  *  *  that  signs  of  regeneration  are 

f' *  deficient.  The  number  of  red 

^5  ceils  is  as  a  rule  only 

moderately  reduced,  but  in 
\  .  some  cases,  e.g.  carcinoma  of 

the  stomach,  it  may  fall  to 
a  low  level.  The  ansemia  is 
usually  microcytic  and  hypo¬ 
chromic,  but  not  in  marked 
degree,  and  may  be  normo- 
cytic  and  normochromic. 
Reticulocytes  are  usually 
scanty,  as  are  also  normo¬ 
blasts.  There  is  usually  a 
distinct  leucocytosis  of  neu¬ 
trophil  type  and  the  number 
of  blood  platelets  is  increased, 
sometimes  markedly  so  (Tig. 
294).  In  most  cases  the  fault 
is  chiefly  one  of  formation  of  erythrocytes,  but  in  some  a  h8emol3rtic 
factor  is  concerned,  e.g.  in  streptococcal  cases. 


Fig.  294, — Film  of  blood  in  secondary 
anaemia,  showing  pale  corpuscles  of  vari¬ 
able  size,  most  being  undersized,  also 
poikilocytes ;  the  platelets  are  numerous 
(compare  with  Fig.  298).  X  400. 


BMMOLYTIG  ANMMIAS 

The  haemolytic  anaemias  comprise  a  group  in  which  there  is  an 
increased  rate  of  destruction  of  red  cells.  Variations  in  the  chnical 
and  pathological  features  depend  upon  the  severity  and  rapidity  of 
blood  destruction,  and  upon  the  nature  of  the  causal  agent ;  in  all 
cases,  however,  there  is  a  compensatory  increase  in  the  rate  of  red  cell 
production,  and  these  two  concurrent  processes  lead  to  certain  changes 
common  to  all  varieties,  irrespective  of  the  cause. 

The  general  features  of  a  haemolytic  anaemia  may  thus  with 
advantage  be  described  before  the  characteristics  which  distinguish 
the  individual  members  of  the  group  are  discussed. 

I.  The  Changes  Resulting  from  Increased  Destruction  of  Red 
Cells. 

If  destruction  outpaces  regeneration  the  consequence  is  an  anaemia 
in  which  the  fall  in  haemoglobin  is  directly  proportional  to  the  diminu¬ 
tion  in  number  of  the  corpuscles.  The  mechanism  of  normal  destruc¬ 
tion  of  effete  red  cells  is  not  fully  understood ;  in  vitro  experiments 
have  shown  that  when  corpuscles  are  broken  up  by  micro -dissection, 
the  haemoglobin  is  retained  by  the  cell  fragments  and  does  not  diffuse 
into  the  plasma.  It  may  be  that  in  the  normal  process  of  wear  and 
tear  the  red  cells  eventually  break  up  into  fragments  which  are  then 
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removed  from  the  blood  by  the  pbagocjde  cells  of  tbe  retieulo- endo¬ 
thelial  system  especially  in  the  spleen,  bone-marrow  and  liver.  In 
some  pathological  forms  of  increased  blood  destruction,  e.g.  black- water 
fever,  incompatible  blood  transfusion,  and  poisoning  with  haemolytic 
chemicals  such  as  arseniuretted  hydrogen,  lysis  of  the  corpuscles  occurs 
ill  the  circulation  and  free  haemoglobin  appears  in  the  plasma.  Some 
of  the  released  haemoglobin  is  rapidly  converted  into  methaemalbumin  ; 
but  if  the  haemolysis  is  of  sufficient  severity,  haemoglobin  escapes  into 
the  glomerular  ffltrate  and  appears  in  the  urine — ^haemoglobrnuria — 
and  this  may  be  associated  with  renal  damage  and  fatal  anuria.  In 
other  conditions,  e.g.  the  congenital  and  acquired  types  of  "  acholuric 
jaundice,’  excessive  blood  destruction  is  not  associated  with  detectable 
release  of  haemoglobin  into  the  plasma,  even  when  the  blood  destruction 
is  rapid  and  severe  ;  it  seems  probable  that  in  such  conditions,  the 
blood  destruction  results  not  from  intravascular  haemolysis,  but  from 
phagocytosis  of  large  numbers  of  red  cells  in  the  spleen  and  other 
organs.  In  spite  of  the  absence  of  evidence  of  intravascular  haemolysis, 
these  conditions  have  long  been  classed  as  Jimmolytic  anmmiaSy  and  the 
sections  which  follow  conform  to  this  convention.  It  is  probable  that 
there  is  a  fundamental  difference  in  the  mode  of  red  cell  destruction 
between  those  forms  of  increased  breakdown  in  which  haemoglohinuria 
occurs  and  those  in  which  it  is  invariably  absent ;  in  the  latter  splen¬ 
ectomy  is  likely  to  he  beneficial,  whereas  in  the  former  group  it  is 
useless. 

Whatever  the  mechanism  of  inereased  red  eeU  destruction,  any 
retained  haemoglobin  is  broken  down  by  the  cells  of  the  reticulo- 
endothehal  system  into  haemosiderin  and  haemohiliruhin.  The  sub- 
seqnent  fate  of  these  two  pigments  is  discussed  on  p.  157  et  seq.,  but 
it  may  be  recaUed  here  that  the  haemohilimhin  passes  into  the  blood 
stream,  where  it  imparts  a  yellow  colour  to  the  plasma  and  gives  an 
indirect  positive  van  den  Bergh  reaction.  If,  as  frequently  happens, 
the  rate  of  formation  of  hsemobilirabin  exceeds  the  ability  of  the  Hver 
to  excrete  it  the  concentration  of  haemobiliruhin  in  the  plasma  rises ; 
when  it  exceeds  3  mg.  per  100  ml.  jaundice  becomes  clinicaUy  apparent, 
but  the  haemobilirubui  does  not  pass  into  the  glomerular  filtrate,  and 
the  condition  is  accordingly  known  as  acholuric  jaimdice.  Although 
the  liver  is  unable  to  keep  pace  with  the  excessive  bilirubin  production, 
there  is  nevertheless  a  great  increase  in  the  hiltobm  content  of  the 
bile,  and  in  chronic  types  of  hsemolytic  anaemia  pigmentary  stones 
are  commonly  formed  in  the  gall-bladder.  ^  The  increased  amoimt  of 
bilirubin  passing  into  the  intestine  is  associated  with  reabsorption  of 
an  increased  amount  of  pigment  in  the  form  of  stercohilinogen  wMch 
the  already  overburdened  liver  cannot  excrete,  consequently  it  is 
excreted  by  the  kidney  as  urobilinogen.  Increased  excretion  ot 
stercobiliaogen  and  urobilinogen  in  the  feces  and  urine  provides  the 
most  rehahle  evidence  that  increased  red  cell  destruction  is  tatog 
place,  and  the  qnantitative  estimation  of  the  daily  excretion  of  these 
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substances  is  soinetinies  necessary  to  determine  the  nature  of  an 
aiiiemia. 

The  hsemosiderin  derived  from  excessive  destruction  of  red  cells 
is  stored  in  various  organs,  notably  in  the  spleen  where  it  accumulates 
in  the  reticulum  cells  and  macrophages  of  the  pulp,  and  also  occasion¬ 
ally  in  the  endothehal  cells  of  the  sinuses  ;  in  long-standing  cases  the 
reticular  and  collagenous  framework  of  the  organ,  including  the  elastic 
laminse,  may  be  saturated  with  iron  in  a  patchy  distribution.  In  the 
liver,  hsemosiderin  accumulates  in  both  Kupffer  cells  and  hepatic 
parenchyma,  while  in  the  kidney  the  cells  of  the  primary  convoluted 
tubules  become  impregnated.  If  the  hemolytic  process  diminishes, 
then  the  excess  of  stored  iron  is  largely  re-used  in  the  synthesis  of 
heemoglobin,  and  m  such  a  remission  there  may  be  comparatively 
httle  iron  in  the  organs. 

Increased  red  cell  destruction,  when  acute,  is  usually  accompanied 
by  fever  and  jaundice,  with  enlargement  and  tenderness  of  the  spleen, 
the  leucocyte  count  rises,  and  there  is  a  shift  to  the  left  in  the  Arneth 
count. 

IL  The  Changes  Associated  with  Increased  Red  Cell  Pro¬ 
duction. 

As  already  mentioned,  it  is  a  characteristic  of  heemolytic  ansemias 
that  there  is  an  enhanced  activity  of  the  hone-marrow,  with  increased 
production  of  red  cells.  This  rapid  replacement  results  in  an  increased 
number  of  young  red  cells  in  the  blood  ;  in  a  Leishman-stained  film 
many  of  the  erythrocytes  show  polychromasia,  and  there  may  be  both 
early  and  late  normoblasts.  Reticulocytes  are  increased,  often  up 
to  20  per  cent,  or  more  ;  in  any  untreated  case  of  anaemia  such  a 
large  increase  in  reticulocytes  is  strong  presumptive  evidence  of  a 
hemolytic  process.  The  storage  of  iron,  already  described,  provides 
an  adequate  source  for  haemoglobin  synthesis,  and  there  is  usually 
no  evidence  of  iron  deficiency — ^the  colour  index  and  mean  corpuscular 
haemoglobin  concentration  are  not  dimiaished. 

The  bone-marrow  shows  a  normoblastic  hyperplasia  and  the 
haemopoietic  tissue  may  extend  down  the  shafts  of  the  long  bones, 
while  the  medullary  cavity  may  eventually  become  widened  with  loss 
of  bony  trabeculae  and  thinning  of  the  cortical  bone.  In  extreme 
cases  of  long  duration,  extra-medullary  haemopoiesis  occurs  in  the 
spleen,  and  extra-osseous  masses  of  haemopoietic  tissue  have  been 
found  under  the  pleurae  in  the  costo- vertebral  angles. 

Types  of  Haemolytic  Anaemia 
The  causation  of  the  different  types  of  haemolytic  anaemia  is  by  no 
means  fully  understood,  and  classification  is  correspondingly  difficult. 
For  descriptive  purposes,  the  following  subdivisions  may  be  m^de  : 

I.  Hereditary  defects  of  the  red  cells, 

(а)  Hereditary  spherocytosis  (hereditary  acholuric  jaundice). 

(б)  Sickle-eell  anaemia. 
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II.  Acqiiired  antibodies  acting  on  the  red  cells. 

(a)  ‘  Acquired  ’  acholuric  jaiiiiclice. 

(b)  Paroxysmal  hsemoglobiiiuria. 

III.  Parasitic  invasion  of  the  red  cells. 

(а)  Malaria. 

(б)  Oroya  fever. 

IV.  Hmmolytic  poisons. 

{a)  Bacterial. 

(6)  Chemical. 

I.  (a)  Hereditary  Spherocytosis  (Hereditary  acholuric  jaun¬ 
dice).  This  is  the  commonest  type  of  chrome  hemolytic  anemia 
occurring  in  Great  Britain.  It  results  from  a  hereditary  abnormality 
of  the  red  cells  which  is  transmissible  by  either  parent,  generally  affects 
more  than  one  member  of  the  family,  and  can  be  traced  in  more  than 
one  generation.  Its  existence  is  usually  detected  by  a  yellovish  tinge 
of  skin  and  conjunctivse  in  the  early  years  of  hfe,  although  sometimes 
not  till  later.  There  may  be  at  first  little  disturbance  of  health,  but 
later  there  are  exacerbations  in  which  red  ceU  destruction  is  sufficiently 
severe  to  produce  a  moderate  degree  of  anaemia  with  acholuric  jaundice, 
■while  increased  red  ceU  production  is  reflected  in  an  abnormally  high 
proportion  of  reticulocytes  in  the  blood,  perhaps  20  per  cent,  or  more  ; 
the  leucocytes  and  platelets  show-  little  change.  The  disease  usually 
pursues  a  fluctuating  course;  remissions  may  occur  during  w^hich 
jaundice  is  absent,  the  red  ceUs  are  little  reduced  in  number,  and 
reticulocytes  only  shghtly  increased  :  acute  exacerbations  are,  however, 
common  and  may  be  of  a  fulminating  character ;  such  a  crisis  is 
marked  by  fever  and  leucocytosis,  a  rapidly  increasing  jaundice, 
profound  faU  in  the  red  ceU  count,  and  increase  in  the  size  of  the 
spleen.  Survival  from  such  an  exacerbation  is  foUow^ed  by  reticulo- 
cyfosis  sometimes  amounting  to  80  per  cent,  or  even  more  of  the  total 
red  ceUs  with  numerous  normoblasts  both  early  and  late,  and  there- 


after  the  red  cell  couiit  gradually  rises.  ^  .  i 

The  mature  red  cells  are  of  abnormal  shape,  hemg  more  globular 
+.lia.Ti  the  normal  bi-concaTe  discs  ;  the  diameter  is  diminished  and  the 
thickness  increased  while  the  ceU  volume  is  unchanged.  Such  abnormal 
corpuscles  are  known  as  spherocytes  (Fig.  295) ;  they  may  be  identited 
in  a  blood  film  as  smaU  cells  which,  owing  to  their  increased  thictoe^ 
and  fun  haemoglobin  saturation,  stain  intensely  and  do  not  exhibit 
the  central  pallor  of  the  normal  erythrocyte  :  these  changes  are^less 
apparent  in  the  reticulocyte  than  in  the  more  mature  foms.  Spyjo- 
eytes  are  short-lived,  and  in  vitro  show  increased  fra^ty  both  the 
mayiTna,!  and  minimal  resistance  being  lowered  to  hypotomc  ^It 
solution  and  other  agents  which  produce  lysis,  notably  ly^lecithin. 
It  has  been  shown  that  when  cases  of  hereditary  spherocytic  anamia 
are  transfused  with  normal  blood,  the  transfused  cells  have  a  normal 
life  span,  whereas  if  blood  from  such  a  patient  is  transfused  mto  an 
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Fig,  295. — Blood  film  in  hereditary 
spherocytosis. 

Note  the  small,  round,  intensely  staining 
corpuscles — spherocytes — and  some  larger  pale 
cells — ^reticxilocjdes.  An  early  and  a  late  normo¬ 
blast  are  seen,  and  two  polymorphs.  X  700. 


Fig.  296. — Spleen  in  hereditary 
spherocytosis. 

Tlie  pulp  is  intensely  congested  and  the  sinusoids 
are  small  and  appear  somewhat  collapsed,  x  230. 
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Fig,  297.— Marrow  in  hereditary  spherocytosis,  showing  active  normoblastic 

hyperplasia. 

A  cluster  of  nonnohlaste,  ranging  from  early  hasophil  forms  to  late  pyknotic  fully  hmmoglo- 
hinised  cells,  is  shown,  also  spherocytes.  x  1,000. 
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mdividual  not  suffering  from  the  disease,  the  transfused  cells  are 
destroyed  with  abnormal  rapidity.  Excessive  fragility  of  the  red 
cells  may  be  found  in  other,  apparently  healthy,  members  of  the  family, 
and  such  individuals  may  later  suffer  from  fulmmatmg  h«mohi;ic 
attacks,  sometimes  precipitated  by  pregnancy,  or  occurring  without 
known  predisposing  cause.  In  the  absence  of  a  significant  family 
history,  the  condition  may  be  mistaken  for  an  acquired  type  of 


hemolytic  anmmia. 

The  changes  in  the  marrow  and  other  organs  are  those  found  m 
any  chronic  haemolytic  condition  {vide,  supra)  and  the  urine  contains 
excess  urobilinogen.  Chronic  ulceration  of  the  skin  of  the  leg  some¬ 
times  accompanies  the  condition,  and  is  resistant  to  treatment  nnless 
splenectomy  is  performed ;  it  is  met  with  also  m  sickle-cell  ansema. 
The  spleen  is  constantly^  enlarged,  but  does  not  often  exceed  1,350  g. 

(3  Ih.)  in  weight,  and  adhesions  are  usually  absent.  Microscopically, 
the  pulp  is  distended  with  red  cells,  while  the  venous  shiuses  are  some¬ 
what  coUapsed  (Fig.  296)  ;  the  degree  of  iron  storage  depends  on 
the  amount  of  blood  destruction  in  progress  at  the  rime 

The  essence  of  the  disease  is  an  increased  destruction  of  abnormal 
red  cells  hy  the  spleen,  and  the  absence  of  haemoglobin  and  methsem- 
albumin  from  the  plasma,  even  in  a  fulmmating  attack,  mdicates  that 
intravascular  hemolysis  is  not  a  feature  of  the  condition  :  moreover, 
splenectomy  leads  to  disappearance  of  the  excessive  red  ceU  destruction 
almost  at  once  :  the  number  of  red  eeUs  and  the  percentage  of  reticifio- 
cytes  return  to  normal :  these  favourable  effects  are  usuahy  of  a 
permanent  nature,  although  the  spherocytosis  and  increased  fragility 

persist. 

(b)  Sickle-cell  Ansemia.  This  disease,  first  recognised  in 

America,  is  found  only  in  negroes  and  those  with  partial  ne^o  ancest^n 
It  is  characterised  hy  the  assumption,  under  certam  conchtions,  of  a 
peculiar  crescentic  shape  by  the  affected  red  cells ;  such  abnormal 
corpuscles  are  known  as  sickle-ceUs.  It  has  been  found  that  if  a 
sealed  cover-glass  preparation  of  fresh  blood  is  kept  for  some  hours 
the  c»p„sde;  then  ..sum.  the  .iekle-fotm  ;  the  el^e  m 
with  de-oxygenation,  and  may  be  hastened  by  addition  of  a^reduem 
agent  e.g.  2-1  per  cent,  solution  of  sodium  hydrosulphite.  In 
community  of  pure  African  negroes,  this  in  rifro  test  reveals  the 
sickle-ceU  trait  in  quite  a  high  proportion  (approximately  !- per  cent.) 
of  the  population.  Fanuly  studies  show  that  the  W  is  «tery 
and  obeys  the  laws  of  a  Mendehan  dominant  factor.  _  The  ^^eat 
maiority  Of  individuals  exhibiting  the  trait  are  apparently  healthy, 
ri  siSe  forms  cannot  he  demonstrated  in  freshly  withdrawn  samples 

of  a  tourniquet.  In  a  smaU  proportion  of  mdividuals,  however,  ii 
riafr  “Sted  with  sidding  in  vivo,  and  a  chronic  hamol^c  anemia 
SS  th“  seilt.  (p.  «’)•  Cbxomc  leg  ulcemtj, 

seen  in  hereditary  sph.rocjtie  .nsemia,  is  .ometimes  lusoeiaM.  I 
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has  been  suggested  that  only  those  individuals  who  inherit  the  trait 
from  both  parents  are  prone  to  develop  a  haemolytic  anaemia. 

The  disease  thus  presents  a  resemblance  to  hereditary  spherocytic 
anemia  ;  in  both,  the  excessive  blood  destruction  is  due  to  a  hereditary 
defect  of  the  red  cells  ;  there  is,  however,  no  mcreased  fragility  of 
the  red  cells  in  sickle -cell  anaemia. 

IL  Hsemolytic  Ansemias  due  to  Acquired  Antibodies  to 
the  Red  Cell.  There  are  several  conditions  in  which  excessive  blood 
destruction  results  from  the  presence  of  an  abnormal  antibody,  which 
combines  with  the  red  cells,  rendering  them  susceptible  either  to 
phagocytosis  by  cells  of  the  reticulo-endothehal  system,  or  to  the  lytic 
action  of  complement.  The  commonest  member  of  the  group  is 
usually  known  as  acquired  acholuric  jaundice,  a  term  used  to  distinguish 
it  from  '  hereditary  acholuric  jaundice,’  the  commoner  type  of  chronic 
haemolytic  ansemia. 

(a)  Acquired  Acholuric  Jaundice.  This  is  a  haemolytic 
anaemia  presenting  clinical  and  pathological  manifestations  similar  to 
but  less  constant  than  those  of  hereditary  spherocytic  anaemia  ;  there 
is  no  hereditary  tendency  and  the  onset  is  usually  later  in  life.  The 
blood  picture  is  t5rpical  of  a  chronic  haemolytic  process  with  a  tendency 
to  exacerbations  and  remissions  :  in  some  cases,  spherocytes  may  be 
absent,  and  when  this  is  so  the  fragility  of  the  corpuscles  is  not  increased. 
The  onset  is  sometimes  associated  wdth  an  infection  the  relationship 
of  which  to  the  anaemia  is  not  apparent,  e.g.  tuberculosis.  Often 
there  is  no  recognisable  predisposing  cause.  Many  cases  exhibit 
irregular  haemagglutinins  or  lysins,  which  are  usually  more  active  at 
low  temperatures,  and  the  blood  may  then  show  the  phenomenon  of 
auto-agglutination  in  the  cold.  Such  antibodies  are  rarely  demon¬ 
strable  in  the  serum,  but  may  be  found  absorbed  on  to  the  patient’s 
red  cells  which  are  consequently  rendered  agglutinable  by  anti-human- 
globulin  serum,  i.e.  they  give  a  positive  direct  Coombs  test  (p.  190). 
In  such  cases  transfused  normal  blood  is  destroyed  abnormally 
rapidly. 

The  differentiation  from  hereditary  spherocytic  anaemia  is  not 
always  easy ;  the  family  history,  age  of  onset,  and  the  results  of 
fragihty  tests  and  of  the  direct  Coombs  test  must  be  taken  into  con¬ 
sideration.  It  is  important  from  a  prognostic  standpoint  to  distinguish 
between  the  two  conditions,  as  splenectomy  in  the  acquired  type  is 
not  always  attended  by  such  favourable  effects  as  in  the  congenital 
form.  A  false-positive  Wassermann  or  Kahn  test  is  not  uncommon. 

(b)  Paroxysmal  Hsemogiobmuria.  The  essential  feature  of 
this  condition  is  the  occurrence  of  paroxysms  of  intravascular  haemo¬ 
lysis,  which,  if  severe,  result  in  hsemoglobinuria. 

According  to  the  factors  which  precipitate  the  haemolytic  attacks, 
three  different  types  are  recognised  ;  in  none  of  these  is  the  fragility 
of  the  corpuscles  increased.  The  best-known  type  is — 
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Heemoglobinuria  efrigore.  In  this  condition  the  hjemolytic  attacks 
tend  to  follow  exposure  to  cold,  and  may  sometimes  be  precipitated 
by  immersion  of  part  of  the  body  in  cold  water.  This  Ij'sis  is  effected 
by  the  action  of  an  acquired  antibody  which,  although  present  in 
the  blood  of  the  patient,  has  no  effect  at  normal  body  temperature, 
but  combmes  -v^ith  the  red  cells  when  the  temperature  is  lowered. 
The  red  cells  to  which  the  antibody  has  become  attached  are  rendered 
susceptible  to  the  lytic  action  of  the  complement  normally  present 
in  the  plasma,  and  haimolysis  ensues  (see  p.  190),  the  hsemoglobiniiria 
being,  of  course,  secondary.  In  chronic  cases  siderosis  may  be  present 
in  the  internal  organs  ;  we  have  found  this  to  be  specially  marked 
in  the  kidneys.  Donath  and  Landsteiner  showed  that  hsemolysis 
could  be  demonstrated  in  vitro  by  first  chilluig  the  blood  to  allow  the 
antibody  to  combine,  and  then  re-warming  to  favour  the  action  of 
complement ;  this  observation  forms  the  basis  of  a  test  for  the  con¬ 
dition.  Local  circulatory  disturbances  leading  to  venous  congestion 
and  cyanosis,  such  as  occur  m  Rajnaud’s  disease,  often  accompany 
cold  hsemoglobinuria. 

In  addition  to  the  haemolytic  antibody,  cold  agglutinins  are  usually 
present,  and  the  red  cells  may  undergo  spontaneous  clumping  as  soon 
as  blood  is  withdrawn,  so  that  a  red  cell  count  can  be  performed  only- 
by  using  reagents  warmed  to  37°  C.  It  is  now  thought  that  the  local 
circulatory  disturbances  in  the  extremities  may  be  the  result  of 
intravascular  agglutination  in  the  digital  vessels  a.nd  skin  capillaries 
with  consequent  obstruction,  and  the  association  of  Raynaud  s 

phenomena  with  coldauto-haemagglutinins  thus  receives  anexplanatmn. 

Nothing  definite  is  known  about  the  nature  of  the  haemolytic 
antibody,  but  in  this  condition  the  Wassermann  reaction  is  usually 
positive,  and  it  is  probable  that  this  form  of  paroxysmal  hemoglo¬ 
binuria  is  nearly  always  the  result  of  syphihtic  infection.  It  has  been 
shown  in  recent  times  that  a  haemolytic  immune  body  may  be  develo^d 
in  animals  by  the  injection  of  antigens  other  than  the  correspondmg 
red  corpuscles ;  such  an  antibody  is  caUed  Merohgous,  and  the 
antigens  which  stimulate  its  production  are  related  to  hpoidal  sub¬ 
stances  ;  it  is  possible  that  lipoids  or  other  products  of  tissue  degenera¬ 
tion  in  syphilis  may  be  active  agents  m  leading  to  the  formation  of 

*^^Oth™  forms  of  intermittent  hsemoglobinuria  are  ‘  march  haemo- 
alobmuria  ’  and  ‘  nocturnal  hsemoglobinuria.’  These  have  no  region 
to  cold,  or  to  syphilis,  and  no  abnormal  lytie  antibody  has  been 
demonstrated.  In  march  hsemoglohinuria  muscular  exertion  tenj  to 
precipitate  attacks  of  hemolysis,  usuaUy  mild,  attended  by  stto 
and  induration  of  the  muscles  ;  it  is,  however,  not  of  the 
as  the  hemoglobinuria  which  sometimes  occurs  when  weU-M  hor^ 
are  exercised  after  a  long  period  of  rest ;  “  ^i^^J^tter  condition  tto 
hemoglobin  is  generally  beUeved  to  be  myohemoglobm,  denved 
from  the  muscle,  whereas  in  march  hemoglobmuna  it  is  derived 
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from  tlie  blood.  Nocturnal  hmmoglohinuria  is  a  more  severe  clironic 
li^molytic  disease  of  insidioiis  origin,  more  common  in  males  in  early 
middle^  life  and  characterised  by  weakness,  fever  and  slight  jaundice. 
Intravascular  haemolysis  occurs  during  sleep,  and  is  attributable  to 
a  remarkable  supersensitiveness  of  the  red  cells  to  slight  changes  of 
pH  ;  the  urine  passed  at  night  or  on  rising  contains  haemoglobin, 
whereas  the  daytime  urine  does  not .  The  repeated  excessive  haemolysis 
causes  a  marked  degree  of  anaemia  with  reticulocytosis,  marrow  hyper¬ 
plasia,  and  siderosis  of  the  organs  ;  granules  of  hemosiderin  are 
abundant  in  the  urine,  both  day  and  night ;  after  a  few  ^ears,  death 
results  from  anaemia  or  from  thrombosis  in  the  portal  or  cerebral 
vascular  system. 

III.  Hsemolytic  Ansemias  due  to  Parasitic  Invasion  of  the 
Red  Cells.  In  malaria  and  oroya  fever  the  parasites  invade  and 
destroy  large  numbers  of  red  cells,  thus  producing  an  anaemia.  An 
account  of  malaria  is  given  below  (p.  504). 

IV.  Haemolytic  Poisons,  (a)  Bacterial.  The  toxins  of  certain 
bacteria  have  hemolytic  properties  ;  those  of  the  Streptococcus  pyogenes 
and  Cl.  Welchii  are  noteworthy  examples. 

(6)  Chemical.  There  are  many  chemical  poisons  which  have  a 
haemolytic  effect,  such  as  arseniuretted  hydrogen,  toluylenediamine, 
saponin,  potassium  chlorate,  etc.,  and  some  of  these  have  been 
extensively  used  in  experimental  investigation.  Some  poisons  have 
both  a  haemolytic  action  on  the  red  corpuscles  and  a  depressing  effect 
on  haemopoiesis,  leading  to  hypoplasia  of  the  marrow  ;  this  is  reflected 
in  the  blood  by  a  poor  reticulocyte  response  to  the  anaemia  produced 
by  the  haemolysis. 


DYSPOIETIG  ANAEMIA 

(a)  Megalocytic  Type 

This  type  of  anaemia  is  fundamentally  due  to  deficiency  in  the 
participation  of  the  specific  haemopoietic  factor  in  blood  formation. 
This  deficiency  can  be  brought  about  in  various  ways,  e.g.,  lack  of 
formation,  failure  of  absorption,  etc.,  as  will  be  considered  below. 
Pernicious  anaemia  is  the  outstanding  example  of  this  type  and  the 
term  should  be  restricted  to  the  anaemia  described  by  Addison,  other 
conditions  with  a  similar  blood  picture  being  entitled  megalocytic  or 
macrocjrbic  anaemia  with  whatever  quahfication  may  be  appropriate. 

J  Pernicious  Anaemia  {Addison's  Anmmia).  This  affection  is 
mainly  a  disease  of  late  adult  life  and  affects  the  sexes  with  about 
equal  frequency,  being,  however,  rather  commoner  in  Great  Britain 
in  men  than  in  women ;  a  similar  but  not  identical  condition  may 
also  occur  earlier  in  association  with  pregnancy,  but  otherwise  it  is  only 
rarely  met  with  in  young  adults.  There  is  intense  paUor  of  the  sMn 
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and  mucous  membranes,  attended  often  by  a  lemon  tint  of  the 
former  j  on  the  other  hand  there  is,  as  a  rule,  little  or  no  emaciation. 
Until  the  introduction  of  treatment  -with  liver,  pernicious  anaemia 
■was  usually  a  progressive  disease  and  led  to  a  fatal  termination, 
although  remissions  were  not  uncommon  and  sometimes  marked 
temporary  improvement  took  place.  The  disease  has  now  become 
relatively  amenable  to  treatment  (vide  infra).  It  was  described  first 
by  Addi'son  and  is  thus  often  called  Addisonian  anaemia.  It  is  no-w  to 
be  regarded  as  a  megaloojdie  ansemia  resulting  from  a  deficiency  of 
the  so-called  ‘  intrinsic  factor  ’  in  the  gastric  secretion  (p.  941). 

Condition  of  the  Blood.  The  blood  is  very  pale  and  distinctly 
watery,  and  coagulation  occurs  slowly.  The  number  of  red  cells  is 
greatly  reduced,  not  infrequently  being  below  1,000,000  per  e.mm., 
and  may  fall  to  less  than  half 


that  figure  before  death. 
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colour  index,  that  is,  the 
average  amount  of  hsemoglohin 
per  corpuscle,  is  raised,  being 
often  1*2  or  higher,  and  the 
individual  corpuscles  are  -well 
coloured,  the  M.C.H.C.  being 
about  normal.  There  is  usually, 
though  not  alvays,  great 
variation  in  the  shape  of  the 
corpuscles,  numerous  poddlo- 
cytes  being  present,  and  the 
corpuscles  have  httle  tendency 
to  form  rouleaux.  While  the 
size  varies  greatly,  the  presence 
of  a  large  proportion  of 
megalocytes  is  usually  a 

marked  feature  (Mg.  298),  and  .  .  ,  ,  , 

the  average  diameter  of  the  corpuscles  is  distuictly  above  normal 

(8-5  a,  Price-Jones),  as  is  also  the  M.C.V.,  100-140  c/n  In  stained 
preparations,  some  of  the  corpuscles  usuaUy  sho-w  polychromato- 
philia  (p.  460),  and  punctate  basophilia  may  be  associated  with  it. 
The  number  of  reticulocytes  varies  considerably  according  to  the 
progress  of  the  disease ;  in  the  stage  of  relapse  it  is  usually  about 
3  vex  cent.,  which  taken  in  conjunction  with  the  low  red  cell  count 
indicates  that  the  total  marrow  output  is  reduced.  Nucleated  red 
corpuscles  can  in  general  be  found,  and  sometimes  occur  in  considerable 
numbers  They  may  be  both  of  megaloblastic  and  normoblastic  t^, 
and  often  show  considerable  variety  in  the  configuration  of  their 
nuclei  The  presence  of  megalocytes  and  megaloblasts  along  with  a 
high  colour  index  is  thus  an  important  feature  of  this  type  of 
amemia  (Pig.  299).  Cabot’s  ‘ring-bodies’ 

The  leucocytes  are,  as  a  rule,  reduced  in  number,  to  about  2,000  per 


^  m  . " 

Fig.  "298. — ^Blood  in  pernicious  ansemia, 
showing  numerous  poOdlocytes  and 
variations  in  the  size  of  the  corpuscles. 
X  400. 
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c.mm.,  and  the  decrease  is  niainlv  on  the  part  of  the  polymorpho¬ 
nuclear  cells,  which  may  he  relatively  scanty.  There  is  often  an 
increased  proportion  of  the  older  leucocytes  with  lobes  well  separated 
— a  shift  to  the  right  ’  (Cooke)— and  some  are  of  large  and  hyper- 
segmented  type — macropolycytes  (p.  472)  ;  in  addition  sometimes  a 
few  myelocytes  and  intermediate  cells  are  present.  The  blood  'platelets 
also  are  reduced  in  number,  and  are  often  very  scanty.  Thus  while 
the  chief  changes  are  in  the  erythroc;}hes,  the  diminished  number  of 
leucocytes  and  of  platelets  is  a  striking  feature  and  is  another  evidence 
of  disturbed  marrow  activity. 

The  above  is  a  general  account  of  the  blood  picture,  but  variations 
are  met  with  and  some  of  these  are  of  chnical  importance.  The 
number  of  reticulocytes  supplies  valuable  evidence  of  regenerative 
activity,  and  occasionally  a  large  number  of  reticulocytes  and  erytliro- 

blasts  may  appear  in  the  circu¬ 
lation,  this  constituting  a 
'  blood  crisis,’  which  may  be 
followed  by  a  temporary  rise 
in  the  red  cell  count.  Some¬ 
times  shortly  before  death, 
numerous  erythroblasts  may 
be  present  in  the  circulation, 
the  phenomenon  in  this  case 
having  a  different  significance 
(p.  463). 

In  pernicious  ansemia,  the 
plasma  bilirubin  is  increased 
and"  gives  an  indirect  van 
den  Bergh  reaction.  The 
amount  will  depend  on  the 
stage  of  the  disease,  but  during 
a  severe  relapse  it  may  rise  to 
l-~2  mg.  or  even  higher,  thus 
indicating  a  greatly  increased  rate  of  red  cell  destruction.  Marked 
increase  is  accompanied  by  an  increased  depth  of  the  yellow  colour 
of  the  serum.  The  '  icteric  index  ’  is  Hkewise  raised-  The  urine  is 
often  dark  in  colour  and  contains  a  considerable  excess  of  urobilin  and 
urobilinogen. 

Changes  in  the  Organs,  These  are  manifold  in  character,  some 
being  related  to  the  essential  nature  of  the  disease,  others  being  merely 
secondary  to  the  ansemia. 

In  the  bone-marrow  very  important  changes  are  present.  The 
yellow  fatty  marrow  of  the  long  bones  is  replaced,  to  a  varying  extent, 
by  a  dark  red  cellular  marrow  (Eig.  300).  The  femur  is  usually  the 
bone  examined  and  in  it  the  change  starts  at  the  upper  end  and  extends 
downwards.  The  whole  medullary  cavity  may  ultimately  be  occupied 
by  red  marrow  and  there  is  often  a  considerable  absorption  of  bone 
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Fig.  299. — Blood  in  pernicious  anaemia, 
showing  a  megaloblast  with  Howell- 
Jolly  bodies  and  poikilocytes. 

(H.  E.  H.)  X  1,000. 
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trabeciilse,  so  that  portions  of  marrow  can  readily  he  cut  out  tliis 
indicates  hyper|)lasia  of  considerable  diiratioiij  in  fact  paradoxically 
the  more  severe  the  ansemia  and  the  longer  it  has  lasted ,  the  greater 
is  the  marrow^  increase. 

On  microscopic  examination  the  conchtioii  is  found  to  be  one  of 
megaloblastic  erythropoiesis.  There  is  a  large  proportion,  50  per  ccmt. 
or  more,  of  megaloblasts  showing  variable  degrees  of  hcemoglobiiiisa- 
tion,  together  with,  their  more  primitive  precursors  vith  baso|)hii 
cytoplasm.  The  proportion  of  the  two  classes  of  cells  varies  greatly 
and  many  intermediate  polychromatic  cells 
are  seen  ;  in  general  the  more  severe  the 
relapse  and  the  longer  its  duration  the 
higher  the  proportion  of  basophil  cells. 

The  nucleus  of  the  more  primitive  cells  is 
of  finely  reticulate  character  (Eig.  301)  but 
some  of  the  fully  hsemoglobinised  cells  show 
nuclear  condensation,  pyknosis  and  frag¬ 
mentation.  Within  the  marrow  megalo¬ 
blasts  are  sometimes^  found  very  much 
larger  than  any  that  could  circulate  in  the 
peripheral  blood  and  the  term  gigantoblasts 
has  been  applied  to  them.  Normoblasts 
are  usually  present  also  in  small  numbers. 

It  is  thus  seen  that  although  the  marrow  is 
hyperplastic  there  is  a  deficiency  in  the 
normoblastic  formation  of  red  cells. 

Megaloc}des  are  produced  instead,  and  the 
supply  is  insujS&cient  to  maintain  the 
erydhrocyte  count ;  further,  there  is  evidence 
that  they  undergo  an  early  destruction  in 
the  circulation  perhaps  in  consequence  of 
increased  mechanical  buffeting  owing  to 
their  large  size.  Because  of  the  red  cell 
h3q)erplasia,  myelocytes  form  a  redmed 
percentage  of  the  marrow  population  but 
their  total  mimhers  may  actually  be  in-  ^ 

creased.  The  earlier  myelocytes  may  be  of  increased  and  a. 

conspicuous  feature  is  the  formation  of  giant 
abnormal  nuclei  and  disproportionately  unde^eveloi^d 
possiblv  the  macropolycytes  are  derived  from  these  cell^  q _ 

dear  that  there  is  defective  development  and 
ceUs  as  weU  as  of  red  cells  in  pernicious  anemia, 
are  usuaUy  scanty  and  may  be  absent  from  large  areas  of  the  marrorv, 

thus  accounting  for  the  paucity  of  platelets  m  t^d^^lcsive  destruc- 
Within  the  marrow  there  is  also  evidence  of  the  excessive 

tion  of  red  corpuscles-phagocytosis  of  these 

hemosiderin  granules  in  the  reticulo-endothehal  cells.  The  amount, 


Fig.  300. — ^Section  of 
femur  in  peTnicions 
anemia,  showing  the 
dark  red  marrow  through¬ 
out  the  shaft.  X 
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however,  varies  greatly,  depending  probably  upon  the  amount  of 
recent  blood  destruction. 

Alimentary  System.  W.  Hunter  laid  special  emphasis  on  lesions 
of  the  mouth,  especially  glossitis  with  formation  of  small  vesicles  and 
ulcers,  followed  by  atrophic  changes.  The  tongue  is  smooth  from 
atrophy  of  the  papillae  and  has  often  a  red  and  raw  appearance.  Such 
lesions  are  not  always  present  and  are  not  peculiar  to  the  disease  ; 
they  occur  also  in  microcytic  ansemia  and  in  sprue  (p.  49 1).  The 
essential  defect  in  pernicious  ansemia  lies  in  the  stomach  and  results 
in  the  absence  of  the  intrinsic  factor  presently  to  be  considered.  As 
yet  it  is  not  possible  to  relate  this  to  a  specific  cellular  change. 
Meulengracht  has  found  that  in  the  pig  the  chief  site  of  production 
of  the  intrinsic  factor  is  the  mucosa  of  the  pyloric  segment  of  the 
stomach,  whereas  in  man  the  pyloric  segment  is  inert  and  the  fundus 
is  the  active  portion  (WrUdnson).  In  pernicious  anaemia  the  chief 
change  is  in  the  fundus,  there  being  in  that  region  a  marked  atrophy- 
affecting  aU  the  coats,  apparently  not  of  inflammatory  origin.  Achlor¬ 
hydria  is  practically  always  present  and  is  usually  associated  with 
achyha  gastrica — complete  absence  of  the  digestive  ferments.  Such 
defects,  how-ever,  precede  the  onset  of  pernicious  anaemia  and  they 
are  not  affected  by  fiver  treatment.  The  presence  of  achlorhydria 
results,  of  course,  in  a  loss  of  the  normal  antiseptic  action  of  the  gastric 
iuice.  Organisms  from  the  mouth  are  thus  able  to  survive  and 
multiply  in  the  stomach  after  being  swallowed,  and  there  is  an  exten¬ 
sion  upwards  of  the  bacterial  flora  in  the  large  and  small  bowels. 
In  this  way,  secondary  effects  may  be  brought  about,  e.g.  there  may¬ 
be  interference  with  the  absorption  of  essential  substances. 

Emmosiderosis.  When  death  occui's  during  a  relapse  there  m  also 
deposit  of  iron  in  various  organs,  hut  during  remissions,  either  natoally 
ocLring  or  induced  by  treatment,  most  of  the  iron  is  removed  and 
is  re-utilised  in  the  formation  of  hsemoglobm.  The  liver,  generally  a 
little  enlarged,  has  usuaUy  a  groundwork  of  ehoeokte-brown  tot, 
against  which  the  central  parts  of  the  lobules  stand  out 
from  fatty  degeneration.  It  gives  a  marked  f 
usual  reagents,  the  colour  being  deepest  at  the  periphery  of  the  loM^ 
(Eig  303).  The  hsemosiderin  granules  are  present  m  the  fiver  cells  in 
the  outer  two-thirds  of  the  lobules,  being  most  abimdant  ^imd  the 
portal  tracts,  and  are  situated  chiefly  in  the  amal  part  of  the  ^beeute 
that  is,  round  the  bile  capillaries ;  some  may  be 
Kupffer  cells  throughout  the  lobules.  There  may  islets  of  mtra- 
S^Lar  formation  of  megaloblasts  (Piney).  The  spUen  vanes  in  sne 
but  is  usually  not  much  enlarged  and  may  be  of  normal  size  it  is 
dSk  red  and  gives  an  iron  reaction  of  varying  degree  in  diffe^x^t 
cases  The  haemosiderin  occurs  in  somewhat  coarse^  ^anul^,  and  is 
contained  mainly  within  cells  in  the  pulp,  the  3^ 

free.  Sometimes  phagocytosis  of  red  cells  is  present,  but 
not  a  prominent  feature.  Myeloid  transformation  of  variable  exten 
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may  be  present.  The  size  of  the  sj^leeii  would  appear  to  depend 
chiefly  upon  the  activity  of  blood  destruction  ;  palpable  enlargement 
has  been  found  occasionally  during  the  stage  of  relapse.  The  con¬ 
dition  of  the  hidyieys  varies  considerably.  Sometimes  they  contain  a 
large  amount  of  hsemosiderin  which  occurs  as  fine  granules  within 
the  cells  of  the  convoluted  tubules,  appearing  first  and  being  most 
marked  in  the  proximal  limbs,  whilst  the  glomeruli  are  free.  Some¬ 
times,  however,  the  haemosiderin  is  relatively  scanty.  Diffuse  fatty 
degeneration  is  usually  present  in  the  tubule  cells.  Phagocytosis  of 
red  cells  by  macrophages  is  often  j^rominent  in  the  marrow  and  iron 
storage  within  the  reticulo-endothelial  cells  may  be  conspicuous. 

The  deposits  of  hsemosiderin  and  the  increased  bilirubin  in  the 
blood  are  to  be  taken  as  evidence  of  abnormal  and  excessive  blood 
destruction.  There  has  been  a  tendency  on  the  part  of  some  recent 
writers  to  overlook  the  haemolytic  factor  but  no  one  who  considers 
the  condition  of  the  kidneys  in  some  cases  can  doubt  its  importance. 
Occasionally  the  amount  of  hsemosiderin  present  is  remarkable.  An 
equal  degree  is  met  with  only  in  long-standing  paroxysmal  haemo- 
globinuria  and  other  frankly  haemolytic  anaemias. 

Other  Changes.  Marked  fatty  degeneration  is  present  in  the 
various  organs,  and  is  specially  noticeable  in  the  heart  muscle,  where 
it  has  a  patchy  distribution  (p.  334).  Capillary  haemorrhages  or 
petechise  are  present  often  in  the  serous  membranes,  leptomeninges, 
and  especially  in  the  retinae,  rarely  in  the  skin.  Occasionally  the  extra¬ 
vasations  are  of  larger  size.  Such  haemorrhages  are  no  doubt  due  to 
nutritional  changes  in  the  vascular  endothelium,  though  not  neces¬ 
sarily  of  a  fatty  nature,  and  the  deficiency  of  platelets  may  be  an 
additional  factor.  In  pernicious  anaemia  changes  are  often  present 
in  the  spinal  cord,  constituting  sub-acute  combined  sclerosis,  and 
these  may  give  rise  to  a  variety  of  symptoms,  disturbances  of  sen¬ 
sation  and  motion,  ataxia,  etc.  Such  lesions  were  present  in  5  or 
more  per  cent,  of  the  cases  in  pre-liver-therapy  days,  but  with  the 
increased  expectation  of  life  under  treatment,  spinal  cord  changes 
are  now  more  often  seen  because  the  dosage  of  liver  employed  is  not 
always  enough  to  prevent  them.  In  addition  minor  nervous  disturb¬ 
ances,  chiefly  of  a  sensory  nature,  are  common,  and  have  been  found 
to  be  due  to  peripheral  neuritis.  The  three  conditions  of  achlorhydiia, 
sub-acute  combined  sclerosis  and  pernicious  ansemia,  rej)resent  the 
results  of  gastric  defects.  All  may  be  present  together  or  the  achlor¬ 
hydria  may  be  accompanied  by  one  of  the  two  others  ;  there  are 
also  definite  familial  relationships  between  the  defects.  The  etiology 
of  the  nerve  lesions  in  pernicious  anaemia  is  not  definitely  known  but 
they  are  probably  produced  by  the  absence  of  a  neurotrophic  factor 
in  the  gastric  juice,  possibly  an  enzyme,  which  is  different  from  the 
intrinsic  factor  of  pernicious  anaemia.  Eurther  investigation  is,  how¬ 
ever,  necessary,  in  the  light  of  recent  advances  (see  below). 

The  excessive  diminution  in  the  total  haemoglobin,  with  a 
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corresponding  diminution  in  the  oxygen-earrjing  capacity  of  the 
blood,  is  an  all-important  change  in  pernicious  ansemia.  There  is,  of 
course,  no  diminution  in  the  oxygen  saturation  of  the  arterial  blood, 
but  the  amount  of  oxyhsemoglobm  in  the  capillaries — and  thus  the 
oxygen  deUvered  to  the  tissues — is  greatly  lessened.  In  other  words, 
an  anmmic  anoxaemia  results,  and  this  brings  about  the  fatty  degenera¬ 
tion  which  is  so  marked  a  feature  in  pernicious  ansemia.  The  oxyhsemo- 
o-lobin  in  its  passage  through  the  capillaries  is  reduced  to  an  abnormal 
detnee  and  therefore  the  oxygen  unsaturation  of  the  venous  blood  is 
markedly  increased.  Although  readily  suffering  from  breathlessness 
on  exertion,  very  ansemic  patients  do  not  tend  to  exhibit  cyanosis, 
and  it  has  been  stated  that  when  the  amount  of  hemoglobin  falls 
below  25  per  cent,  of  the  normal,  cyanosis  cannot  occur.  To  com¬ 
pensate  for  the  anemic  anoxemia  there  is  a  great  increase  in  cardiac 
output,  up  to  10  litres  per  mmute  (normal  =  4-2),  probably  brought 
about  by  rise  of  pressure  in  the  great  veins  (Bainbridge  s  reflex). 
Attempts  to  reheve  the  anemia  rapidly  by  transfusion  of  a  large 
volume  of  blood  will  further  increase  the  venous  pressure  and  by 
inducuig  excessive  diastolic  filling  will  result  in  cardiac  dilatation  and 
rapid  failure  of  the  muscle  aheady  impaired  by  fatty  change. 

Nature  of  the  Ansemia.  The  establishment  of  definite  knowledge 
on  this  subject  dates  from  1926,  when  the  efficiency  of  fiver  treatmerit 
of  the  disease  was  discovered  by  Minot  and  Murphy.  The  mam  facts 
with  regard  to  this  may  first  be  given  and  then  the  pathology  of  the 
disease  considered  in  the  fight  of  these  results. 

The  discovery  of  the  remarkahle  effect  of  liver  was  led  up  to  by  the  work 
of  Whipple  aud'^others  on  diets  most  favourable 

bipmorrhase  one  result  being  that  liver  was  speciaUy  efecient.  The  tunda 
mental  discovery  of  Minot  and  Murphy  was  that  the  administration  of  mammalmn 
liver  in  cases  of  pernicious  ansemia  leads  to  what  ®  e 

^  its  effect.  A  little  later  an  efficient  watery  extract  of  liver  was 

OTwared  by  Cohn,  and,  since  that  time,  a  number  of  preparations  bave^been 
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from  a.  case  of  microcytic  ansemia  with  aciilorliydria  is  effective  in  bringing 
about  the  reticulocyte  response  in  a  patient  with  pernicious  anaemia. 

Observations  on  the  distribution  of  the  extrinsic  factor  present  in  beef  muscle 
have  been  published  by  Strauss  and  Castle.  They  found  that  it  is  absent 
in  glutein,  casein,  nucleic  acid,  etc.,  but  it  is  abundant  in  autolysed  yeast 
(Marmite),  in  which  its  concentration  is  about  twenty  times  that  in  muscle. 
At  present,  the  real  nature  of  the  extrinsic  factor  is  not  known,  but  its  possible 
relation  to  the  recently  isolated  vitamin  discussed  below. 

The  results  of  Castle  and  his  co-workers  thus  show  that  the  defect 
in  pernicious  ansemia  is  clearly  the  absence  from  the  gastric  juice  of 
the  intrinsic  factor  which  is  necessary  for  the  formation  of  the  hsematinic 
principle  contained  in  liver.  In  true  pernicious  anaemia  there  is,  of 
course,  no  defect  in  the  absorption  of  the  latter  when  formed,  as  is 
shovm  by  the  results  of  oral  treatment  by  liver.  Theoretically  a 
similar  state  of  deficiency  might  result  from  absence  of  the  extrinsic 
factor  from  the  diet,  or  from  failure  of  absorption  of  the  haemopoietic 
factor  from  the  alimentary  canal,  or  from  failure  to  store  it  in  the  liver 
or  to  utilise  it  after  storage.  There  is  evidence  that  all  these  possi¬ 
bilities  are  realised  and  the  conditions  in  which  they  occur  are  con¬ 
sidered  later.  These  theoretical  possibihties  harmonise  well  with  what 
is  known  as  to  the  frequent  association  of  megalocytic  anaemia  with. 
various  gastric  and  intestinal  lesions,  as  described  below.  Thus 
there  would  be  an  increased  fikelihood  of  pernicious  anaemia  developing 
in  connection  with  gastric  lesions,  but  the  disease  would  not  appear 
unless  absence  of  the  essential  intrinsic  factor  had  resulted.  The  term 
pernicious  anaemia  is,  however,  no  longer  used  in  a  comprehensive  way 
to  include  all  those  types  of  megalocytic  anaemia  but  is  restricted  by 
custom  to  that  variety  due  to  absence  of  the  intrinsic  factor. 

Davidson  and  Gulland  have  laid  stress  on  constitutional  or  heredit¬ 
ary  factors  as  playing  an  important  part  in  the  development  of 
pernicious  anaemia,  and  there  are  many  facts  in  support  of  this  view. 
The  disease  has  been  found  to  affect  more  than  one  member  of  a  family 
(blood  relations)  in  a  large  number  of  instances,  and,  further,  the 
incidence  of  achlorhydria  has  been  foxmd  to  be  higher  in  such  families 
than  in  the  general  population.  It  is  a  point  of  interest,  too,  that 
pernicious  anaemia  has  been  observed  in  identical  twins.  No  doubt 
there  are  all  degrees  of  deficiency  of  intrinsic  factor,  and  the  deficiency 
may  possibly  be  accentuated  by  external  circumstances,  pernicious 
anaemia  thus  resulting. 

The  administration  of  the  active  principle  of  hver  in  any  effective 
form  either  as  whole  liver,  crude  extracts,  or  highly  purified  extracts 
leads  to  a  remarkable  change  in  a  case  of  pernicious  anaemia  in  relapse. 
Within  a  few  days  there  is  great  subjective  improvement  in  a  feeling 
of  well-being,  the  number  of  reticulocytes  in  the  blood  rises  from  a 
previous  2-3  per  cent,  to  25  per  cent,  or  higher,  the  maximum  number 
appearing  usually  in  6-10  days,  depending  on  the  nature  of  the  prepara¬ 
tion  and  the  route  of  administration.  The  lower  the  initial  red  cell 
count  the  higher  the  percentage  and  absolute  number  of  reticulocytes 
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after  treatment  Tvith  an  active  preparation,  since  the  output  depends 
on  the  degree  of  marrow  hj^erplasia  existing  at  the  onset  of  treatment. 
This  rise  soon  disappears,  but  it  is  followed  by  an  increase  in  the 
hsemoglohin  level  and  in  the  red  and  white  cell  count,  while  the 
mean  corpuscular  diameter  falls  and  the  serum  bilirubin  level  drops 
to  normal,  indicatiug  a  cessation  of  the  abnormal  degree  of  blood 
destruction.  These  changes  reflect  a  dramatic  return  of  the  marrow 
to  a  more  normal  character,  the  megaloblastic  haemopoiesis  being 
rapidly  transformed  into  the  normoblastic  tj’pe  with  disappearance 
also  of  the  abnormalities  of  the  leuoocjdes.  With  adequate  treatment 
the  number  of  red  corpuscles  should  rise  to  normal  in  the  course  of 
two  to  three  months,  and  neurological  symptoms  should  cease  to 
develop  and  may  even  retrogress.  The  achlorhydria,  however,  persists. 
Treatment  must  be  continued  for  life,  otherwise  relapse  will  occur. 

In  pernicious  ansemia  the  retieuloejde  crisis  after  the  administration 
of  an  active  preparation  of  liver  is  so  constant  that  its  absence  should 
throw  doubt  either  on  the  diagnosis  or  on  the  efficacy  of  the  prepara¬ 
tion.  Advances  in  knowledge  about  the  part  played  by  various 
purified  substances  in  the  pathogenesis  of  pernicious  anaemia  have 
been  made  largely  by  studying  the  effects  of  the  preparation  in  question 
on  the  reticulocyte  count  of  a  ease  in  relapse  and  recently  some  re¬ 
markable  results  have  been  achieved. 

Eor  example,  a  thermostable  very  active  haBmopoietic  substance 
in  the  form  of  reddish  needle-shaped  crystals  has  been  isolated  from 
Uver  and  has  been  named  vitamin  This  substance  is  found  to 

he  an  essential  growth  factor  for  young  rats  and  also  for  certam 
bacteria,  and  it  has  been  prepared  not  only  from  liver  hut  also  from 
various  vegetable  sources ;  its  constitution  has  not  yet  been  fully 
determined  but  it  is  known  to  contain  cohalt.  It  is  as  yet  too  early 
to  say  w'hether  this  substance  is  the  actual  anti-pemicious  anxmw 
or  hmm(ypoietic  factor  of  mammalian  liver,  but  its  extreme  therapeutic 
efficiency  is  strongly  suggestive — parenteral  dose  of  about  10  imero- 
grams  producing  a  maximal  reticulocyte  response  followed  by  a 
satisfactory  rise  in  haemoglobin  and  red  cell  count ;  to  maintain,  the 
improvement  this  small  dose  must  he  repeated  within  two  wrecks 
(Dacie).  It  is  significant  that  vitamin  Bia  is  extremely  potent  m 
arresting  the  oral  and  neurological  lesions  and  in  early  ca^s  causing 
them  to  retrogress.  On  the  other  hand,  it  is  scarcely  effective  by 
the  mouth,  hut  if  normal  gastric  juice  is  administered  orally  at  ttie 
same  time,  a  maximum  therapeutic  effect  is  readily  achieved.  These 
observations  suggest  that  vitamin  B^a  may  be  the  so-called  eriri^ic 
factor  and  that  the  part  played  by  the  mtrmsic  factor  may  he  that  ot 
facilitating  the  absorption  of  this  substance  from  the  gut. 

In  addition  to  the  liver  principle  another  substance  which  has  a 
striking  therapeutic  effect  in  Addisonian  ansemia  is  folic  acid  (pteroyl- 
glutamic  acid),  a  member  of  the  vitamin  B  group  isola^  from  spimch 
Ld  other  green  vegetables  and  recently  synthesised.  Fohe  acid  is 


494 


TEXT-BOOK  OF  PATHOLOGY 


an  essential  gro^iili  substance  for  certain  bacteria  and  appears  to  be 
concerned  in  nutritional  anaemia  in  chickens  and  in  monkeys.  Admin¬ 
istered  by  any  route  to  cases  of  pernicious  anaemia  in  relapse,  it 
rapidly  induces  a  remission,  but  for  maintenance  increasing  doses  are 
required  and  relapse  may  occur.  Folic  acid  is  not  present  to  any 
extent  in  active  purified  liver  extracts  or  gastric  juice,  and  clearly  it 
is  neither  the  intrinsic  factor  nor  the  hemopoietic  liver  substance. 
It  has  been  suggested  that  the  fundamental  defect  in  pernicious 
angemia  is  failure  to  hberate  and  utilise  folic  acid  from  the  conjugated 
forms  in  which  it  is  present  in  foodstuffs,  and  that  in  this  mechanism 
the  specific  hemopoietic  substance  of  Hver  is  concerned,  but  these 
points  are  not  fully  agreed.  The  neurological  comphcations  are  not 
relieved,  indeed  they  may  develop  or  if  present  become  worse  under 
folic  acid  therapy  despite  improvement  in  the  blood  picture,  and  this 
indicates  that  there  is  some  fundamental  difference  between  folic  acid 
and  the  liver  principle  which  cannot  be  explained  by  the  assumption 
that  the  hsemopoietic  factor  acts  merely  by  releasing  folic  acid  from 
the  conjugated  forms  in  which  it  is  present  in  foodstuffs.  Folic 
acid  is,  however,  very  effective  in  relieving  not  only  the  megalocytic 
ansemia  but  also  many  of  the  alimentary  symptoms  in  sprue  and  in 
idiopathic  steatorrhoea,  without,  however,  notably  improving  fat 
absorption. 

Other  Forms  of  Megalocytic  Anaemia 

Megalocytic  anaemia  is  the  consequence  of  megaloblastic  erythro- 
poiesis  in  the  marrow  which  results  from  deficiency  of  the  hsemopoietic 
factor  (see  p.  491),  however  brought  about.  We  have  no  precise 
knowledge  of  any  other  cause  of  megaloblastic  transformation  of  the 
marrow.  Since  this  deficiency  can  arise  in  various  ways  megalocytic 
anaemia  is  met  with  in  several  different  conditions,  in  all  of  w^hich 
the  changes  in  the  blood,  though  not  identical,  are  closely  similar  and 
the  chnical  picture  depends  on  the  associated  disorder.  Apart  from 
true  Addisonian  pernicious  ansemia,  spinal  cord  changes  are  rarely  seen. 

The  megalocytic  anemia  perhaps  most  closely  related  etiologically 
to  true  pernicious  anaemia  is  the  variety  occasionally  encountered  in 
pregnancy.  Some  degree  of  anaemia  is  common  in  pregnancy,  usually 
of  the  iron- deficiency  type  (p.  496),  but  anaemia  is  often  more  apparent 
than  real  owing  to  the  hydraemia  and  increased  blood  volume  which 
is  present.  Occasionally,  though  more  commonly  than  is  generally 
thought,  the  bone-marrow  becomes  megaloblastic,  the  red  cell  count 
falls  rapidly  and  a  severe  type  of  anaemia  results.  Owing  to  the 
greatly  diminished  output  of  cells  from  the  marrow  the  megaloblastic 
picture  is  not  fully  reflected  in  the  state  of  the  peripheral  blood  during 
the  pregnancy,  megalocytosis  is  often  inconspicuous  and  the  M.C.H.C. 
and  colour  index  may  actually  be  reduced  owing  to  concurrent  iron 
deficiency.  The  serum  bilirubin  is  also  less  markedly  raised  than  in 
pernicious  anaemia.  The  blood  picture  is  therefore  misleading,  and 
the  diagnosis  can  be  made  in  some  cases  only  by  biopsy  of  the  marrow 
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when  a  fully  developed  megaloblastic  state  is  revealed.  Spoiitaiieous 
recovery  usually  follows  delivery  of  the  child  but  may  be  delayed, 
e.g.  in  the  presence  of  sepsis ;  and  in  such  cases  the  blood  picture 
eventually  may  be  identical  with  that  of  pernicious  ansemia.  The 
ansemia  may  also  be  temporarily  refractory  to  parenteral  treatment 
with  liver  extract  or  hut  responds  satisfactorily  to  folic  acid.  The 
nature  of  the  defect  in  this  severe  anemia  of  pregnancy  is  uncertain  ; 
during  gestation  there  is  often  hypochlorhydria  and  diminished 
secretion  of  intrinsic  factor  (Strauss  and  Castle)  and  there  is  loss  of 
gastric  secretion  by  vomiting.  Perhaps  a  diminished  formation  of 
hsemopoietic  factor  combined  with  the  demands  of  the  fetus  may 
bring  about  a  relative  state  of  deficiency  w’Mch  causes  the  marrow  to 
become  megaloblastic,  hut  it  is  doubtful  if  this  is  the  whole  explanation. 
The  gastric  secretion  returns  to  normal  after  delivery. 

With  regard  to  megalocytic  ansemias  produced  otherwise  than  by 
lack  of  intrinsic  factor,  in  the  first  place  failure  of  formation  of  the 
specific  hgemopoietic  substance  may  result  from  lack  of  the  extrinsic 
factor  ill  the  diet ;  this  is  probably  the  cause  of  a  tropical  form  of 
megalocytic  ansemia,  in  which  autolysed  yeast  (Marmite)  rich  in  the 
extrinsic  factor  brmgs  about  a  striking  remission  with  reticulocyte 
response.  Achlorhydria  is  not  constantly  found  and  the  intrinsic 
factor  of  Castle  is  not  absent  from  the  gastric  juice. 

Failure  of  absorption  of  the  hsemopoietic  factor  is  sometimes  seen 
in  conditions  of  chronic  intestinal  hurry  such  as  sprue  and^  idio¬ 
pathic  steatorrhcBa  and  in  rare  cases  of  tuberculous  ulceration  of 
the  small  intestine.  Megalocytic  anemia  is  also  met  with  rather  rarely 
in  association  with  cirrhosis  of  the  liver  and  this  probably  results  from 
some  interference  with  the  storage  of  the  haemopoietic  principle  after 
absorption  from  the  gut.  Failure  to  utilise  the  haemopoietie  principle 
by  the  marrow  in  spite  of  adequate  storage  in  the  liver  gives  rise 
to  a  rare  type  of  megaloblastic  erythropoiesis  which  is  refractory  to 
treatment  by  liver— the  so-called  achrestic  (Wilkinson). 

Meo-alocytic  anaemia  is  found  in  a  small  proportion  of  individuals 
harbouring  the  intestinal  parasitic  worm  Bibotkrioc&phalus  kitm,  and 
this  form  attracted  much  attention  formerly  because  the  anaemia  was 
said  to  he  curable  by  getting  rid  of  the  parasite.  Possibly  the  worm 
may  interfere  with  the  intestinal  absorption  of  the  hemopoietic  facte, 
hut  the  percentage  of  individuals  harhouring  the  parasite  who  develop 
the  anemia  is  so  smaU  that  the  presence  of  the  worm  may  fe  no  more 
than  a  coincidental  finding  in  persons  otherwise  predisposed  to  develop 

pernicious  anemia.  .  .  ,  . 

Finally,  deficiency  of  tfie  hemopoietic  prmciple  may  arise  when 
excessive  demand  outstrips  supply,  even  when  the  latter  is  snfficmnt 
to  meet  normal  needs.  Sneh  an  occurrence  may  be  the  explanation 
of  the  partial  megaloblastic  transformation  of  the  marrow  occasionally 
seen  in  some  cases  of  long-continued  hemolytic  anaemia. 

In  some  rare  eases  which  present  a  megalocytic  blood  picture 
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nucleated  red  cells  are  practically  absent  throughout  the  disease  and 
there  is  a  great  diminution  in  the  number  of  polymorpho -nuclear 
leucocytes  and  platelets.  There  is  a  lack  of  evidence  of  activity  of 
the  bone-marrow  and  on  marrow  examination  a  state  of  hypoplasia 
is  found.  The  marrow  of  the  long  bones  is  yellow  or  there  may  be 
small  islets  of  reddish  marrow  here  and  there,  while  the  marrow 
in  the  short  bones  is  not  increased  and  may  even  be  in  defect.  The 
appearances  suggest  a  progressive  failure  of  the  marrow  during  which 
some  of  the  primitive  cells  revert  to  megaloblastic  type.  Such  cases 
usually  do  not  benefit  from  fiver  therapy,  and  their  real  nature  is 
unknown  ;  probably  they  belong  more  to  the  aplastic  group  of  ansemias. 

(b)  Hypochromic  Microcytic  Ansemia 

The  chief  examples  are  {a)  idiopathic  microcytic  ansemia,  (6) 
chlorosis,  both  occurring  almost  exclusively  in  women,  and  (c)  nutritional 
microcytic  ansemia  of  infants,  especially  in  those  born  prematurely. 
In  all  these  varieties,  the  essential  feature  is  deficiency  of  iron  in  the 
diet  or  deficient  absorption  from  the  gut  leading  to  depletion  of  the 
iron  reserve,  and,  of  course,  the  results  are  made  more  severe  by 
chronic  blood  loss.  In  so-called  splenic  ansemia,  the  blood  picture 
comes  to  be  of  a  similar  type  and  the  disease  is  included  here  for 
convenience,  though  it  is  of  different  etiology. 

Idiopathic  Microcytic  Ansemia.  This  name  is  applied  to  a 
type  of  ansemia  which  has  received  adequate  recognition  only  in  recent 
years.  It  has  also  been  called  simple  achlorhydric  ansemia  (Witts), 
hypochromic  ansemia  with  achlorhydria,  etc.  It  is  a  disease  mainly 
affecting  women  during  the  reproductive  ^Deriod  of  life,  tending  to 
be  aggravated  by  repeated  pregnancies  and  by  prolonged  or  excessive 
menstrual  loss.  It  often  disappears  after  the  menopause.  As  has 
been  indicated  previously  blood  loss  averaging  8  ml.  per  day  is 
about  as  much  as  the  average  mixed  diet  can  replace  in  an  other¬ 
wise  healthy  person.  The  patient,  however,  is  usually  found  to  be 
subsisting  on  a  faulty  diet  almost  devoid  of  readily  available  (vegetable) 
iron ;  further,  the  accompan3dng  achlorhydria  leads  to  diminution  in 
the  absprption  of  iron  from  the  small  intestine.  Davidson  has  shown 
that  women  with  hypochromic  microcytic  ansemia  very  commonly 
suffer  the  loss  of  more  than  150  ml.  of  blood  per  month  and  the  loss 
of  this  quantity,  which  could  be  made  good  in  a  normal  person, 
seriously  depletes  the  iron  reserves  and  thus  a  state  of  chronic  iron 
deficiency  is  brought  about.  Occasionally  the  condition  has  been 
observed  in  men,  usually  in  circumstances  of  repeated  blood  loss 
combined  with  a  dietary  deficiency,  e.g.  in  cases  on  a  prolonged  milk 
diet  after  hsematemesis  from  peptic  ulceration. 

The  anaemia  is  of  the  microcytic  hypochromic  type,  the  cells  being 
of  smaller  diameter  than  normal  and  of  reduced  volume  (e.g.  50-70  c/^), 
they  are  inadequately  filled  with  haemoglobin  so  that  the  M.C.H.C. 
is  low,  25  per  cent,  or  less,  and  the  colour  index  is  greatly  reduced, 
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even  below  0*5.  The  fall  in  the  number  of  corpuscles  is  usualy  not 
great  ;  many  of  the  red  cells  show  ring- staining  owing  to  deficiency 
in  haemoglobin;  but  some  are  normochromic  (Price- Jones)  (Fig.  305). 
Poikolocytes  are  scanty  and  er;^dhrobiasts  are  rarely  found.  The 
leucocyte  count  may  be  normal  or  there  may  be  a  slight  leukopenia. 
The  platelets  usually  give  a  low  normal  count.  The  concentration  of 
serum  bilirubin  is  below  the  normal  value  and  there  is  no  evidence 
of  increased  haemolysis.  Accordmgly  the  anaemia  is  due  main!}'  to 
faults  hi  the  quality  of  the  eq^dhrocides— they  are  undersized  and 
deficient  in  hasmoglobm.  The  red  marrow  examined  by  sternal  biopsy 
shows  a  degree  of  normoblastic  h}q)erplasia,  an  increased  number  of 
early  forms  being  accompanied  by  a  high  proportion  of  small  poorly 


/  ^  .^W 

Fig,  305. — Film  of  blood  from  a  case  of 
microcytic  anaemia.  Some  of  the  red 
corpuscles  show  ring-staming  owing 
to  deficiency  in  bsemoglohin,  others 
are  larger  and  uniformly  stained. 
(Cf.  Fig.  298.)  (J.  A.  W.  McC.) 
X  400. 


Fig.  306- — Sternal  marrow  in  hypo¬ 
chromic  microcjdic  ansemia,  showing 
normoolastie  hyperplasia.  There' 
had  b-een  considerable  po-st-partum 
haemorrhage,  superimposed  on  long¬ 
standing  iron-deficiency  anaemia. 
X  1,000. 


hsemoglobinised  pyknotic  normoblasts  (Fig.  306).  This  is  important  as 
showing  that  the  marrow  responds  to  the  stimulus  of  anoxsemm  by 
hyperplasia  but  that  it  is  unable  to  produce  red  ceUs  of  normal  size 
and  haemoglobin  content  because  of  lack  of  enough  iron  to  make  tip 
required  quantity  of  haemoglobm.  The  spleen  as  a  rule  is  moderately 
enlarged  but  is  only  rarely  palpable.  In  a  high  proportion  of  eases 
the  nutrition  of  the  nabs  is  affected,  they  are  longitudinally  striated, 
hollowed  and  unduly  brittle,  the  condition  being  known  as  kotlonychm. 

As  in  pernicious'anaemia,  achlorhydria  is  a  striking  feature  ;  Witts 
found  it  in  88  per  cent,  of  his  eases ;  the  gastric  juice  contains  the 
‘  intrinsic  factor,’  and  also  pepsin,  though  often  in  diminished  amount , 
mucus  is  usually  present  in  excess.  Ghssihs  mth  redness  and  soren^ 
of  the  tongue  and  eheihsis  w  ith  atrophy  and  fissnrmg  of  the  labial 
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mucosa  are  fairly  common,  apparently  from  riboflavin  and  nicotinic 
acid  deficiency,  and  digestive  disturbance  is  usually  present.  Some¬ 
times  there  is  dysphagia,  which  is  now  usuall}^  attributed  to  contraction 
of  the  cricopharyngeus  muscle  or  at  least  to  its  non-relaxation  during 
the  act  of  deglutition.  The  dysphagia  depends  on  structural  changes, 
both  hypertrophic  and  atrophic,  in  the  epithelium  of  the  mouth, 
pharynx  and  cesophagus,  those  giving  rise  to  spasm  in  the  post-cricoid 
region.  The  association  of  the  three  symptoms,  anaemia,  glossitis 
and  dysphagia,  was  recorded  by  Kell}-  and  Paterson  in  1919  and  might 
well  have  been  called  the  Kelly -Pater son  syndrome  ;  it  is,  however, 
usually  spoken  of  as  the  Plummer-Vinson  syndrome.  Carcinoma 
sometimes  supervenes  in  this  part  of  the  oesophagus  (p.  560).  Treat¬ 
ment  with  liver,  which  is  so  effective  in  pernicious  anaemia,  is  with¬ 
out  effect  in  microcytic  anaemia.  On  the  other  hand,  the  latter 
disease  is  very  amenable  to  treatment  with  large  doses  of  iron.  The 
abnormalities  in  the  blood  disappear  and  there  is  a  marked  general 
improvement ;  the  condition  of  achlorhydria,  however,  still  persists. 
As  with  pernicious  anaemia,  a  familial  element  has  been  observed  in  a 
proportion  of  cases. 

Chlorosis.  This  is  a  distinct  type  of  anaemia  affecting  females  in 
early  adult  fife,  and  occurring,  especially,  soon  after  puberty.  Chlorosis 
used  to  be  a  very  common  affection  but  it  has  now  become  very  rare  ; 
this  remarkable  fact  has  received  no  satisfactory  explanation.  In 
chlorosis  there  is  marked  pallor  associated  with  breathlessness  on 
exertion,  palpitation,  and  often  constipation  and  amenorrhoea.  The 
patients  are  usually  well  nourished  so  far  as  amount  of  fat  is  concerned. 
There  is  rather  an  excess  than  a  diminution  of  gastric  hydrochloric 
acid,  and  gastric  ulcer  frequently  accompanied  chlorosis.  The  most 
characteristic  feature  of  the  blood  is  the  marked  reduction  in  the 
concentration  of  haemoglobin.  The  M.C.V.  and  the  M.C.H.C.  are  very 
low,  the  colour  index  is  sometimes  below  0-5,  and  ring-staining  is 
marked.  The  red  cell  count  usually  shows  some  reduction,  but  a 
count  below  3,000,000  per  c.mm.,  is  exceptional.  The  corpuscles  tend 
to  be  undersized,  and  poikilocytes  are  occasionally  met  with ;  a  few 
normoblasts  may  be  present.  The  number  of  leucocytes  is  sometimes 
normal  but  is  usually  reduced,  the  polymorphomuclears  being  specially 
affected,  so  that  there  is  a  relative  lymphocytosis.  The  blood  platelets 
show  distinct  increase,  and  this  has  been  considered  to  have  a  bearing 
on  the  tendency  to  thrombosis.  The  disease  is  very  amenable  to 
treatment  ‘with  iron.  Lorrain  Smith  found  that  the  blood  volume 
in  cases  of  chlorosis  was  greatly  increased,  so  that  the  total  amount 
of  hsemoglobin  in  the  blood  might  not  be  decreased,  and  that  this 
condition  of  h^^drsemic  plethora  disappeared  with  the  cui*e  of  the 
disease  by  the  administration  of  iron.  Owing  to  the  rarity  of  the 
disease,  this  has  not  been  confirmed  by  the  newer,  more  accurate 
methods  of  blood- volume  determination. 

The  cause  of  chlorosis  is  unknown,  though  it  seems  in  some  way 
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related  to  the  establishment  of  the  menstrual  fiiiictioii  at  a  time  when 
the  iron  reserves  may  have  been  depleted  by  rapid  grovili  at  puberty. 
There  is  no  evidence  of  increased  blood  destruction  and  the  defect 
is  apparently  one  of  blood  formation. 

The  Anaemia  of  Ankylostomiasis.  In  warm  climates  intestinal 
infestation  with,  hookworms  is  sometimes  a  cause  of  anaemia  and  in 
a  community  in  which  infestation  is  prevalent  the  chronic  iihhealth 
produced  may  he  a  factor  of  economic  importance.  The  angeniia  is 
now  thought  to  be  the  result  of  chronic  Mood  loss  from  the  bites  of 
the  worms  in  individuals  subsisting  on  a  poor  diet ;  it  can  be  relieved 
by  the  administration  of  iron  without  removal  of  the  w'orms.  The 
blood  picture  is  of  the  hypochromic  microcytic  type  characteristic  of 
iron  deficiency,  but  an  important  observation  of  diagnostic  value  is 
the  presence  of  eosinopbilia  (sometimes  40  per  cent.),  pointing  to  the 
possibility  of  parasitic  infestation.  The  diagnosis,  is  made  by  finding 
the  ova  in  the  feces. 


Splenic  Anaemia.  This  affection  is  badly  defined,  and  more  than 
one  pathological  condition  has  been  included  tinder  the  term.  In 
addition  to  splenic  enlargement  there  is,  in  the  majority  of  cases, 
cir,rhosis  of  the  liver,  the  condition  being  knowm  as  hepato-lieiiai 
fibrosis.  The  term  '  BantTs 
disease  ’  is  usually  used  as 
synonymous  with  the  latter. 

The  view  is  gaining  ground 
that  portal  hypertension  is  the 
essential  feature  and  that 
splenomegaly  is  merely  the 
result  of  this,  but  this  view- 
is  not  yet  fully  accepted.  The 
ansemia  usually  met  with  is  at 
first  mild  and  of  the  normo- 
cytic  tj^e,  the  reduction  in  the 
red  cells  being  moderate,  to 
about  3  M.  per  c.mm.  as  a  rule, 
hut  after  severe  or  repeated 
hsematemesis  the  ansemia  may 
become  markedly  microcytic 
and  hypochromic  and  the 
colour  index  and  M.C.H.G.  are 
then  lowered.  Beticuloc^ffes 
are  scanty  and  normohlasts 

are  rare  and  the  anaemia  responds  only  slowly,  to  the  usual  reme  ^es. 
In  a  smaU  proportion  of  cases  with  advancing  .anaemia,  the  colour  index 

is  above  unity,  and  megalocytes  and  even  megaloblasts  are  found, 
possibly  due  to  the  effect  of  the  accompanying  hepatic  cirrhosis  on 
the  storage  or  ntihsation  of  the  hsemopoietic  factor  .Th®  kueocytes 
are  generally  much  reduced  in  number,  the  count  being  often 


Fig.  307. — ^Blood  in  splenic  ansemia, 
showing  six  nucleated  red,  corpuscles 
(normoblasts). 

The  fflm  represents  a  condition  of  blood,  crisis, 
which  occurred  after  splenectomy.  (Dr,  Boiigi&s 
Stevenson.)  X  400. 
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3j000  per  c.mm.  or  even  less  ;  sometimes  the  fall  is  chiefly  on  the  part 
of  the  polymorpho-nuclears  but  more  often  all  the  white  cells  are  pro¬ 
portionately  affected.  The  platelets  in  some  cases  are  about  normal 
in  number,  in  others  distinctly  decreased.  The  serum  bilirubin  is  not 
increased  and  other  signs  of  excessive  blood  destruction  are  absent. 

The  condition  of  the  spleen,  etc.,  is  described  later  (p.  529). 
Excision  of  the  spleen  is  sometimes  followed  by  marked  temporary 
improvement,  especially  when  the  disease  is  at  an  early  stage.  After 
splenectomy  a  blood  crisis  with  numerous  normoblasts  and  reticulo¬ 
cytes  in  the  blood  may  occur  (Fig.  307).  There  is  also  a  rise  in  the 
number  of  platelets,  and  it  has  been  noted  that  in  cases  where  the 
number  has  been  normal  originally,  the  great  rise  follovdng  operation 
may  be  accompanied  by  a  tendency  to  thrombosis.  Splenectomy 
is  for  this  reason  considered  to  be  safer  and  more  successful 
when  thrombocytopenia  has  been  present  (Eosenthal).  The  causa¬ 
tion  of  the  ansemia  is  not  known,  but  the  results  of  splenectomy 
suggest  that  the  spleen  contains  an  agent  which  is  harmful  to  blood 
formation. 

Aplastic  Anaemia.  Ansemia  due  to  diminution  in  the  volume 
of  hsemopoietic  marrow  is  termed  aplastic  when  little  or  no  cellular 
marrow  exists,  and  hypoplastic  when  the  marrow^  is  merely  of  reduced 
cellularity,  as  is  more  commonly  the  case.  Two  varieties  of  the  con¬ 
dition  are  described  : 

{a)  a  congenital  or  constitutional  defect,  which  may  conveniently 
be  called  the  primary  form,  and 

(6)  a  toxic  or  secondary  form,  due  to  the  action  of  chemical  poisons 
or  physical  agencies  on  a  previously  healthy  marrow. 

In  aplastic  ansemia  the  characteristic  findings  in  the  peripheral 
blood  are  a  marked  deficiency  in  all  the  formed  elements  produced 
by  the  marrow — erythrocytes,  granular  leucocytes  and  platelets. 
Reticulocytes  are  practically  absent  and  nucleated  red  cells  are  not 
found.  There  is  no  evidence  of  increased  blood  destruction,  the 
anaemia  being  due  to  failure  to  replace  the  elements  as  they  wear  out. 
The  colour  index  and  serum  bilirubin  are  normal.  Associated  with 
the  deficiency  of  platelets  a  purpuric  eruption  may  be  present,  but 
this  is  often  only  a  terminal  event ;  similarly  the  agranulocytosis  may 
lead  to  ulcerative  lesions  about  the  mouth  and  throat.  Cases  of  this 
kind  are  rare  but  occur  most  often  in  early  life.  They  may  be  said 
to  be  of  the  primary  type,  and  the  failure  of  the  marrow  in  such  cases 
may  represent  an  inborn  defect,  but  its  true  nature  is  unknown.  In 
such  cases  there  is  little  or  no  red  marrow  in  the  body,  even  the  short 
and  flat  bones  being  filled  with  pale  fatty  marrow,  or  sometimes  with 
watery  gelatinous  tissue  devoid  of  hsemopoietic  elements.  In  adults 
a  similar  diminution  in  all  the  formed  elements  of  the  peripheral  blood 
is  met  with  both  in  cases  without  known  cause  and  in  cases  resulting 
firom  the  eff“ects  of  known  toxic  agents.  In  some  of  the  latter  the 
marrow  is  hypoplastic  or  even  aplastic  as  in  the  primary  form  of  the 
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disease,  but  in  others  the  marrow  is  surprisinglT  cellular  and  a  condition 
of  actual  hyperplasia  but  mth  diminished  output  may  be  found,  i.e. 
there  is  a  diminished  supply  of  formed  elements  to  the  blood  amounting 
to  a  functional  aplasia.  Bomford  and  Rhoads  have  called  such  cases 
‘  refractory  anaemias  ’  and  have  emphasised  the  importance  of  toxic 
industrial  solvents,  especially  benzol,  in  their  pathogenesis.  Idio¬ 
syncrasy  of  the  individual  must,  however,  play  a  considerable  part. 
A  diagnosis  of  aplastic  anaemia  cannot,  therefore,  be  made  on  the 
results  of  examination  of  the  peripheral  Mood  alone,  and  a  sample  of 
the  marrow,  e.g.  by  sternal  puncture,  is  essential  to  establish  the 
diagnosis  during  hfe  and  to  separate  cases  of  true  aplasia  from  those 
of  refractory  anaemia  with  hypercellular  marrow.  In  rare  cases  also 
of  aleukemic  lymphatic  leukaemia,  the  findings  in  the  peripheral  Hood 
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Fig.  308. — Sternal  marrow  in  aplastic 
anaemia.  There  is  a  virtual  absence 
‘  of  haemopoietic  elements  of  all 
kinds.  X  330. 


Fig.  309, — Smear  from  sternal  marrcpv 
in  aleuksemic  Ijunphatic  leukEemia. 
The  clinical  picture  was  that  of 
aplastic  anemia.  X  400. 


may  suggest  marrow  aplasia,  hut  sternal  puncture  will  reveal  the 
l3miphohlastic  replacement  of  the  marrow.  Ab  has  airead3/  been 

mentioned  in  connection  TOtli  megalooytic  ansemias,  some  cases  of 
aplastic  ansemia  go  througli  a  phase  of  partial  megaloblastic  change 
in  the  hypoceUular  marrow  so  that  in  its  morphology  the  blood 
resembles  that  of  pernicious  ansemia.  Such  cases  were  formerly 
regarded  as  examples  of  pernicious  anaemia  in  which  the  marrow  had 
become  exhausted  hut,  since  liver  therapy  is  without  effect,  it  is 
probable  that  they  are  of  a  fimdamentally  different  nature. 

Those  exposed  to  external  irradiation  by  radium  or  X-rays  may 
develop  marrow  aplasia,  the  leukopoietic  tissues  usually  bemg  fct 
affected.  On  the  other  hand,  if  radioactive  substances  are  ii^ested, 
the  heavy  metals  are  stored  in  the  bones  and  contmuous  mtemal 
irradiation  of  the  marroT  te^vdts  with  effects  of  a  different  nature. 
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Tlie  outstanding  example  of  this  condition  is  the  ana3mia  observed  in 
x4inerica  (Martlaiid)  in  girls  working  with  luminous  paint  containing 
radium  and  mesothorium.  Erom  the  practice  of  pointing  with  the 
lips  the  brushes  used  hi  applying  the  paints,  minute  amounts  of  the 
heavy  metals  were  ingested;  a  severe  and  fatal  ansemia  resulted, 
usually  of  macrocytic  t}^e.  x4t  first  the  marrow  w^as  hyperplastic 
but  later  fibrous  transformation  occurred  ;  nevertheless  the  anaemia 
was  rarely  of  the  aregenerative  t^^De.  Xecrosis  of  the  bones,  especially 
of  the  jaws,  was  also  observed  and  in  some  cases  bone  sarcoma 
developed. 

Myelophthisic  or  Osteosclerotic  Anaemia.  These  terms  have 
been  applied  to  an  anemia  resulting  from  lesions  of  the  bones  involving 
the  marroAV.  The  condition  is  met  with  when  the  formative  marrow 
is  replaced  by  some  abnormal  tissue,  e.g.  in  fibrous  transformation, 
and  in  osteosclerosis  (marble  bone  disease),  in  secondary  carcinomatosis 
of  bones  and  rarely  in  multiple  myelomatosis.  The  anaemia  is  char¬ 
acterised  by  the  appearance  hi  the  blood  of  primitive  cells  of  both 
red  and  white  series  rather  than  by  a  severe  fall  in  the  haemoglobin 
level.  There  may  be  a  considerable  number  of  early  and  late  normo¬ 
blasts  and  rarely  a  few  megaloblasts  may  appear ;  the  number  of 
reticulocytes  is  usually  considerably  hicreased.  The  leucocyte  count 
is  raised"  (20,000  or  more)  owing  to  increase  of  polymorpho-nuclears 
with  some  myelocytes  and  intermediate  forms,  and  sometimes  these 
may  be  so  numerous  as  to  simulate  leukaemia,  especially  when  there  is 
pronounced  myeloid  transformation  and  splenomegaly  is  conspicuous 
(p.  531).  The  condition  has  been  termed  leuco -erythroblastic  amsemia 
by  Turnbull  and  Vaughan.  In  some  cases  there  may  be  actually  an 
increase  of  red  marrow,  for  example  around  cancer  nodules,  and  the 
anaemic  condition  in  these  camiot  be  ascribed  to  a  crowding-out  of 
hemopoietic  tissue  by  the  neoplastic  cells.  In  other  cases  the  sclerotic 
changes  in  bones  may  lead  to  marrow  deficiency  but  it  is  then 
likely  that  myeloid  tissue  will  form  in  the  spleen,  liver,  etc.  In  such 
extra-medullary  hemopoietic  foci  megakaryocytes  are  often  very 
abundant. 


The  Anemias  of  Infancy  and  Childhood 

The  following  is  a  short  account  of  the  chief  varieties,  the  two 
first  being  those  of  most  frequent  occurrence  in  this  country. 

Nutritional  anaemias.  These  may  be  due  to  deficiency  of  iron  in 
the  mother’s  diet  during  pregnancy,  or  insufficient  storage  of  iron  on 
the  part  of  the  foetus  especially  if  premature,  or  after  birth  to  inadequate 
amounts  of  iron  in  the  milk  fed  to  the  infant.  The  anaemia  is  of 
microcytic  type  with  low  M.C.H.C.  and  low  colour  index,  and  scanty 
or  no  nucleated  red  cels.  A  simlar  type  of  anaemia  is  present  in 
infantle  scurvy.  The  anaemia  associated  with  coeliac  disease  is 
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usually  of  the  microcytic  type,  though  sometimes  it  becomes  megalo- 
cytic  later. 

Haemolytic  Disease  of  the  Newborn.  The  etiology  of  this 
group  of  diseases,  for  long  obscure,  has  been  solved  by  the  discovery 
of  the  Rh  factor  (p.  47).  When  an  Rh-negative  mother  has  a  succes¬ 
sion  of  Rh-positive  pregnancies  she  may  become  immunised  by  the 
Rh  antigen  of  the  fcetus  and  the  resulting  Rh  antibodies  may  he 
transmitted  through  the  placenta  and  may  damage  the  fcetus.  Three 
varieties  of  disease  occur,  of  which  the  most  severe  is  hydrops  fmtalis, 
a  uniformly  fatal  condition  comprising  severe  anaemia,  oedema  and 
ascites  ;  many  such  foetuses  are  prematurely  stillborn.  Icterus  gravis 
neonatorum  is  the  most  important  variety  because  it  often  requires 
urgent  treatment.  Jaundice  comes  on  -nithin  a  few  hours  of  birth, 
the  infant  is  ansemic  and  many  normoblasts  and  primitive  erjdhro- 
blasts  are  present,  together  with  a  high  reticulocyte  count.  The  liver 
and  the  spleen  are  enlarged  and  contain  hremosiderin,  the  liver 
cells  may  show  widespread  necrosis  and  bile  appears  in  the  urine, 
the  stools  then  becoming  pale.  The  central  nervous  system  may 
show  necrosis  and  bile-staining,  especially  the  hippocampus,  corpus 
Luysii,  lentiform  and  olivary  nuclei — ^the  so-called  kern-icterus — and, 
if  the  infant  survives,  choreo-athetosis  and  mental  deficiency  may 
result.  The  third  and  mildest  variety  is  congenital  hmrnolytic  ansemia. 
The  infant  is  only  slightly  jaundiced,  but  develops  progressive  ansemia, 
often  with  little  sign  of  regenerative  marrow  activity;  ultimately 
recovery  follows.  In  the  severer  forms,  extra-meduUary  haemopoiesis 
is  abundant  in  the  liver,  spleen,  adrenals,  kidneys,  etc.,  and  justifies 
the  former  name  of  erythroblastosis  fcetalis.  The  etiology  of  all  three 
varieties  hes  in  iso-immunisation  of  the  mother,  usually  against  the 
Rh  factor  hut  occasionally  against  some  other  blood  group  antigen. 
Two  kinds  of  Rh  antibodies  may  be  evoked  ;  agglutinins  appear  first 
but  are  later  accompanied  or  replaced  by  antibodies  which  attach 
themselves  to  the  Rh-positive  ceUs  of  the  foetus  without  causing  visible 
agglutination :  these  are  known  as  incomplete  or  blocking  antibodies 
and  they  are  thought  to  he  responsible  for  most  of  the  damage  to  the 
fcetus  because  they  pass  readily  through  the  placenta.  A  high  titre  of 
such  antibodies  in  the  mother’s  serum  is  of  grave  prognostic  significance 
and  is  usually  followed  by  the  birth  of  a  macerated  or  stillborn  foetus. 

Unless  the  mother  has  previously  been  transfused  with  Rh-positive 
blood,  it  is  usual  for  at  least  one  pregnancy  to  be  successMy  com¬ 
pleted,  but  when  once  the  disease  has  appeared  the  subsequent 
children  are  likely  to  be  affected ;  only  Rh-negative  children  wifi  be 
unaffected,  e.g.  where  the  father  is  heterozygous  for  Rh.  Hmmolytae 
disease  due  to  Rh  incompatibility  occurs  less  frequently,  but  with 
undiminished  severity,  in  cases  of  heterospecific  pregnaimy,  i.e. 
pregnancy  in  which  the  foetal  red  cells  contain  either  A  or  B  group 
antigens  not  present  in  the  maternal  corpuscles. 

Other  Ansemias  of  CMldhood.  In  later  childhood  both  seoon- 
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clary  aiuemias  and  xiriniary  luBmolytic  anemias  are  met  with.  In 
the  rare  type  described  by  Lederer,  there  is  a  sudden  onset  of  a  pro¬ 
found  hajmolj-tic  ancemia,  often  associated  with  acute  gastro-intestinal 
symptoms,  suggesting  that  this  disease  may  he  infective  m  origin. 
Acute  leuktemia,  too,  may  present  first  as  a  profound  anaemia. 

Von  Jaksch’s  Anaemia. — ^This  affection,  which  is  known  also  as  ans&mia 
pseudo -leu Jcsemica  infantum,  is  somewhat  badly  defined.  It  is  met  with  in  children 
usually  in  the  first  three  years  of  life,  and  is  characterised  by  anaemia,  increased 
number  of  leucocytes  and  splenic  enlargement.  The  anaemia  is  usually  of  the 
hemolytic  type,  with  a  colour  index  less  than  unity,  but  some  cases  have  been 
described  in  which  there  has  been  a  high  colour  index  with  the  presence  of 
megaloblasts,  etc.  The  number  of  leucocytes  is  raised,  often  being  20,000- 
25,000  per  c.mm.  or  even  more,  and  a  feature  is  the  great  variety  in  the  characters 
of  the  leucocytes.  Increase  affects  all  va-rieties,  and  ill-defined  types  of  cells 
may  be  present  ;  sometimes  lymphocytes  and  sometimes  granular  cells  may  be 
the  more  numerous.  Myelocytes  also  may  be  present  and  there  may  be  numerous 
normoblasts  ;  occasionally  also  megaloblasts.  The  affection  is  often  a  very 
chronic  one,  the  condition  of  the  blood  remaining  little  changed  for  ai  long  time  ; 
and  recovery  appears  to  be  not  infrec^uent.  Some  consider  that  von  Jaksch’s 
anaemia  is  a  distinct  disease,  but  by  others  it  is  regarded  as  a  condition  which 
may  be  produced  secondarily  by  rickets,  syphiHs,  gastro-intestinal  disease,  etc. 
A  definite  statement  on  the  question  cannot  be  made.  It  is  noteworthy  that 
this  type  of  anaemia  is  much  less  common  than  formerly,  or  at  least  this  diagnosis 
is  now  rarely  used. 

A  form  of  anemia  with  splenomegaly  in  the  child  has  recently  been  described 
under  the  name  of  erythroblastic  ansemia  (Cooley).  It  has  been  observed  in  childi‘en 
under  tw^o  years  of  age  from  Mediterranean  countries  and  has  therefore  been  called 
‘  Thalassaemia.’  It  is  essentially  a  h3emol3rfcic  anaemia,  microcytic  in  type  and  often 
severe.  The  serum  gives  an  indirect  van  den  Bergh  reaction.  There  is  a  large 
number  of  erythroblasts  in  the  blood  with  greatly  increased  number  of  reticulo¬ 
cytes  ;  usually  also  leucocytosis  with  varieties  in  the  types  of  cells.  A  marked 
accumulation  of  haemosiderin  is  present  in  organs  and  is  widespread,  occurring  in 
pancreas,  stomach  wall,  etc.  The  bone-marrow  is  actively  hyperplastic  andmyeloid 
metaplasia  is  present  in  organs.  The  bones  also  show  structural  changes,  one 
of  the  most  striking  being  a  great  thickening  of  the  calvarium  with  much  increase 
of  the  diploe.  The  cause  of  the  disease  is  unknown  but  it  is  associated  with 
abnormalities  in  the  shape  of  the  red  cells,  which  are  often  of  oval  shape  and  are 
abnormally  thin  (leptocytes)  but  may  show  a  central  area  of  greater  thickness — 
so-called  target  cells.  The  condition  is  hereditary,  and  the  severe  infantile 
cases  are  now  thought  to  be  those  homozygous  for  the  defect ;  heterozygous 
individuals  may  show  some  degree  of  leptocytosis  and  in  adult  life  a  less  severe 
(iegree  of  ansemia,  which  is,  however,  remarkably  refractory  to  treatment. 

Malarial  Fever  and  Anaemia.  In  connection  with  the  subject 
of  malarial  anaemia  it  will  he  necessary  to  give  a  brief  account  of  the 
varieties  of  malarial  fever  and  their  causation.  There  are  three  types 
of  malarial  fever  caused  by  three  different  parasites.  These  are 

[а)  the  tertian  caused  by  the  Hsemamoeha  vivax  or  Plasmodium  vivax, 

(б)  the  quartan  caused  by  the  Hsemamceba  malarim  or  Plasmodium 
fnalarias,  and  (c)  the  sub-tertian  or  malignant  malaria  caused  by  the 
Hxmomenas  prsecox  or  Plasmodium  falcijparum .  These  parasites  belong 
to  the  hsemosporidia,  a  sub-class  of  the  sporozoa.  The  two  first  are 
closely  allied,  being  of  the  same  genus,  and  the  gametocytes  or  sexual 
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cells  are  of  spherical  form  ;  the  tMrd  is  of  aiiotlier  genus  and  the 
gametocytes  are  crescentic  in  shape.  Each  parasite  passes  thro'iigh 
two  cycles  of  development — an  asexual  one  or  schizogony  in  the  hmaan 
subject,  and  a  sexual  one  or  sporogony  in  the  mosquito.  In  the  former 
cycle,  the  gametocytes  are  formed,  but  undergo  no  further  develop¬ 
ment,  whilst  in  the  latter,  conjugation  of  the  gametes  formed  from  the 
gametocytes  takes  place  and  further  changes  follow.  A  number  of 
species  of  mosquito  have  been  found  to  he  capable  of  carrying  infection, 
but  these  all  belong  to  the  genus  Aiiophele^.  The  onset  of  a  febrile 
attack  of  malaria  coincides  vith  the  setting  free  of  a  new  brood  of 
young  parasites  by  the  asexual  division  of  the  adult  forms,  and  the 
period  of  the  fever  depends  on  the  time  taken  for  the  full  development 
from  the  young  to  the  adult  form.  In  quartan  fever  this  period  is 
seventy-two  hours  and  the  fever  occurs  every  third  day  ;  in  tertian 
fever  the  period  is  forty-eight  hours  and  the  fever  occurs  on  alternate 
days  ;  in  the  suh-tertian  the  period  is  probably  the  same,  but  multiple 
infection  is  common  and  the  attacks  of  fever  vary,  sometimes  being 
daily.  Multiple  infection  occurs  when  parasites  are  introduced  by 
mosquitoes  on  more  than  one  occasion,  so  that  the  parasites  of 
different  sets  may  be  at  different  stages  of  development.  Some¬ 
times  also  mixed  infection  occurs,  e.g.  by  the  tertian  and  sub -tertian 
parasites. 

Cycle  oj  Development  in  Man,  It  .has  now  been  conclusively  shown  that 
when  the  human  subject  is  bitten  by  infected  mosquitoes,  sporozoites  pass 
from  the  infected  salivary  glands  into  the  blood  and  are  carried  to  the  liver, 
where  they  undergo  a  stage  of  development  within  the  hepatic  cells.  Schizogony 
takes  place  and  about  the  7th  day  in  the  case  of  Flmmodimn  falciparum  and 
9th  day  in  P.  vivax  culminates  in  the  liberation  of  merozoites  in  large  numbers 
into  the  blood,  where  they  enter  the  red  cells.  This  pre-er\d;hroc>i:-ic  develop¬ 
ment  constitutes  the  incubation  period  of  the  .disease  of  about  6-9  days.  Witmn 
the  red  cells  the  parasites  go  through  further  cycles  of  as.esual  proliferation 
which  bring  about  the  paroxysms  of  fever.  It  is  highly  probable  that  m  benign 
tertian  malaria  there  are  persistent  exo-eryt-broeytic  forms  of  the^  P-  vwax, 
from  which  the  relapses  so  characteristic  of  the  disease  are  derived. 

Malarial  Ansemia.  With  each  attack  of  pjTexia  in  malarial 
infection  a  large  number  of  red  corpuscles  are  destroyed  by  the  actual 
invasion  of  the  parasites,  and  the  dark  brown  pigment  formed  from 
the  hsemoglobin  is  deposited  in  the  spleen,  liver,  and  other  organs.  It 
is  accordingly  not  surprising  that  when  the  disease  has  lasted  for  some 
time  an*mia  should  be  present,  and  that  in  a  proportion  of  chrome 
cases  it  should  become  very  marked.  The  occurrence  of  blackwater 
fever  due  to  intravascular  haemolysis,  will  of  course  greatly  intensity 
the  anemia.  Malarial  anaemia  is  generally  of  the  hjTiocpomic  type, 
though  the  colour  index  is  not  much  reduced.  At  an  early  stage,  the 
blood  destruction  leads  to  a  response  indicated  by  an  increas^  numter 
of  reticulocytes,  but  in  chronic  cases  deficient  formation  of  r^ 
may  be  present.  A  few  normoblasts  may  sometimes  found.  J^he 
leu^eyte  count  is  usually  somewhat  reduced,  though  it  vanes,  and  a 
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iiotewortliy  feature  is  the  increase  of  the  mononuclear  leucocytes, 
the  percentage  of  which  often  reaches  15-20,  or  even  more.  Some 
of  these  may  contain  malarial  pigment.  Cases  of  severe  malarial 
anemia  are  sometimes  met  vdth,  in  which  the  ansBniia  becomes  of  the 
megalocytic  type.  The  reason  for  this  is  not  fully  understood,  but 
in  some  cases  at  least  -  the  cause  is  the  absence  of  the  extrinsic 
factor. 

Blackwater  Fever.  In  blackwater  fever  there  occurs  a  lysis  of 
red  corpuscles  in  the  circulating  blood  with  resulting  h^moglobinsemia  ; 
thus  hsemoglobinuria  and  methaemoglobinuria  follow.  This  imparts 
to  the  urine  a  dark  brown  or  ahnost  black  colour,  hence  the  name. 
The  hsemoglobinuria  is  accompaned  by  pyrexia,  and  other  symptoms 
such  as  vomiting,  convulsions,  and  coma,  and  is  often  fatal ;  some¬ 
times  there  is  suppression  of  urhie  before  death.  In  the  great  majority 
of  cases  blackwater  fever  occurs  in  patients  who  are  sufferhig  or 
have  suffered  from  malaria,  but  its  exact  causation  is  still  a  matter 
of  dispute,  and  it  is  believed  by  some  that  a  previous  attack  has  a 
‘  sensitising  ’  effect.  Others  hold  that  it  is  the  result  of  administra¬ 
tion  of  quiiime  to  a  malarial  patient  with  special  susceptibility  to 
the  drug.  It  is  generally  recognised  that  in  some  cases  quinuie  may 
precipitate  the  attack,  but,  on  the  other  hand,  the  disease  may  occur 
when  no  quinine  has  been  given.  Christophers  and  Bentley  found 
that  in  the  blood  in  blackwater  fever  there  is  a  substance  of  the  nature 
of  an  immune-body  (autolysin)  which,  hi  association  with  comple¬ 
ment,  leads  to  solution  of  the  red  corpuscles,  this  lysin  being  apparently 
developed  as  the  result  of  the  blood  destruction  in  malaria.  This  has, 
however,  not  been  established.  Fairley  and  Bromfield  have  recently 
shown  that  the  lysis  of  the  erythrocytes  in  the  circulation  is  attended 
by  the  formation  of  methamalbumin.  This  pigment  does  not  function 
as  an  oxygen  carrier  and  is  not  excreted  in  the  urine  to  appreciable 
extent ;  in  this  way  iron  is  conserved  in  the  body.  These  results 
are  highly  interesting,  but  the  causation  of  the  haemolysis  is  not 
clear. 


HYPERPLASTIG  DISEASES 

Leukaemia.  In  this  disease  there  is  a  remarkable  increase  of 
the  leucocytes  in  the  blood,  which  does  not  correspond  in  character 
with  that  of  a  reactive  leucocytosis.  There  are  two  main  varieties 
of  leukaemia :  one  in  which  the  cells  in  excess  are  of  the  myeloid 
series— myeloid  leukaemia ;  and  another  in  which  the  cells  are  of 
the  lymphoid  series — lymphatic  leukaemia.  There  occurs  also  a 
hjq^erplasia  in  varying  degree  of  the  leucocyte-forming  tissues  ;  and 
leucocytic  infiltrations  of  various  organs  are  common,  especially  in 
the  lymphatic  form.  The  disease  is  usually  chronic,  lasting  sometimes 
a  year  or  two,  but  there  are  cases  which  run  a  comparatively  rapid 
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course  ;  and  these  chronic  and  acute  types  occur  i,ii  both  the  ii2,ye!oid 
and  lymphatic  form,s.  Along  yith  the  leucocjde  increase  in  the  Mood 
there  is  a  varying  amount  of  aiia3iiiia,  which  is  more  marked  and 
advances  more  rapidly  in  the  aeiiter  cases.  Eeee.iitly  there  has  been 
recognised  a  third  type  of  leukciemia  in  which  the  monocytes  are  in 
excess — monocytic  leuksemia.  It  is  of  relatively  rare  occurrence. 

In  all  the  forms  of  leuksemia  the  changes  in  the  blood  are  to  be 
regarded  as  merely .  secondary  to  the  hyperplastic  changes  in  the 
leucocyte-forming  tissues.  Sometimes  cases  are  met  with  in  which 
these  latter  changes  have  occurred  without  there  being  an  increase 
of  leucocytes  in  the  blood,  and  the  term  '  aleukseiiiic  leuksemia  ’  is 


FIG.’SIO.-General  view  of  blood  in  chronic  myeloid  le^mia,  shov^g 
myelocytes,  polymorpho-nuclear  leucocytes  and  mtermediate  forms,  two 
erythroblasts  are  seen  near  centre  of  field.  X  500. 


then  usually  applied.  No  doubt  an  aleukiemic  stage  will  occur  in 
every  ease  of  leukaemia,  but  it  is  seldom  observed  except  m  the  Ij-m- 

phatic  form,  which  may  attract  attention  e.arly  because  of  enla^e- 
ment  of  lymph  no.des  at  fii^st  the  Hood  leucocytes  are  norm,al,  while 
at  a  later  period  there  is  a  relatiye  increase  of  l:i,mipho€ytes  .with  a 
normal  leucocyte  count,  and  later  still  a  gre.at  total  increase  of  lympho¬ 


cytes  may  appear,  ,  ^  i 

”  The.  Blood.  In  myeloid  leuksemia  the  number  of  leueocjdes  may¬ 
be  enormously  increased,  and  in  consequence  of  this  and  the  ^ima 
often  present,  the  blood  may  be  paler  and  rather  more  opaque-lookmg 
than  the  normal.  A  count  of  300,000  per  c.mm.  is  not  uncommon, 
but  considerably  higher  figures  may  be  met  with  The  mam  mcre^ 
is  on  the  part  of  the  finely  granular  neutrophd  cells,  and  these 
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comprise  both  the  ordinary  polymorpho-nuclear  leucocytes  and  their 
corresponding  myelocytes,  along  with  intermediate  forms  (Fig.  310). 
The  proportion  of  the  two  types  of  cells  varies  much  ;  the  former 
are  usually  distinctly  more  numerous,  but  sometimes  the  myelo¬ 
cytes  may  approach  or  even  exceed  them  in  number,  especially  in  the 
less  chronic  cases.  Other  granular  cells,  eosinophils  and  basophils 

may  occur  in  considerable 
numbers,  but  vary  much  in 
different  cases.  Sometimes 
eosinophils  are  numerous, 
sometimes  basophils,  and 
sometimes  neither ;  both 
occur  as  myelocytes  and  as 
the  ordinary  polymorpho¬ 
nuclear  forms.  In  a  few 
cases  the  chief  increase  has 
been  on  the  part  of  the 
eosinophils.  In  addition 
to  the  ordinary  myelocytes 
with  neutrophil  reaction, 
there  are  earher  stages,  i.e. 
similar  cells  with  fine  baso- 
-  phil  granules  or  granules 
giving  intermediate  reac- 
’  tion,  and  also  still  younger 
cells,  wdthout  granules — 
myeloblasts  (p.  68).  These 
last  are  especially  numerous  in  the  more  acute  cases,  and  some¬ 
times  they  are  almost  the  only  cells  present ;  they  indicate  that 
younger  and  less  differentiated  cells  are  entering  the  blood  from 
the  marrow  (Fig.  312).  Such  cells  come  to  resemble  the  large 
lymphoblasts  seen  in  acute  lymphatic  leuksemia,  and  in  some  cases 
it  may  be  difficult  to  draw  the  distinction,  A  positive  oxydase 
reaction  indicates  that  the  cells  in  question  are  of  the  myeloid 
series,  as  the  reaction  is  not  given  by  cells  of  the  lymphocyte 
series  ;  but  the  absence  of  reaction  is  not  conclusive,  as  young 
myeloblasts  may  not  give  the  reaction  [vide  p.  465).  Erythroblasts 
also  are  present ;  they  are  chiefly  normoblasts,  and  may  occur  in 
large  numbers,  being  sometimes  more  numerous  than  in  any  other 
disease. 

In  the  more  chronic  cases  of  myeloid  leukaemia  there  is  usually 
a  moderate  reduction  in  the  number  of  the  red  corpuscles,  with 
some  reduction  in  the  colour  index.  In  acute  cases,  however,  there 
is  often  a  rapidly  advancing  anaemia  with  tendency  to  the  occurrence 
of  haemorrhages.  The  blood  platelets  are  usually  increased  in  chronic 
myeloid  leukaemia  and  may  be  very  numerous.  In  the  acute  form, 
on  the  other  hand,  they  are  usually  much  reduced. 


Fig.  311. — Blood  in  chronic  myeloid  leuk 
semia,  showing  finely  granular  myelo 
cytesand  polymorpho-nuclear  leucocytes 
the  dark  cell  near  the  centre  is  a  basophil 
(Prof.  E.  M.  Dunlop.)  X  1,000. 
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Fig.  312. — Blood  in  acute  myeloid  le'ukiemia, 
showing  large  mononuclear  ceils  which 
are  myeloblasts.  (J.  S.  D.)  x,  1,00€. 


It  is  thus  seen  that  in  myeloid  leuksemia  there  is  an  overflow,  as 
it  were,  of  the  cells  of  the 
marrow  into  the  blood,  and 
the  cells  present  represent 
different  stages  in  the  forma¬ 
tion  of  the  granular  leuco¬ 
cytes.  Further,  the  more 
acute  a  case  is  the  more 
do  the  younger  undiffer¬ 
entiated  cells  or  myeloblasts 
predominate.  It  also  may 
be  added,  that  sometimes 
under  treatment  the  number 
of  leucocytes  may  fall 
greatly  and  may  reach  the 
normal  level ;  but  even  then 
inyeloc3rfces  are  still  present, 
as  a  rule. 

In  lymphatic  leuJcsemia  the 
blood  picture  is  much  simpler 

and  presents  a  marked  contrast  to  that  described.  The  increase  is  on 
the  part  of  the  lymphocytes,  and  these  cells  often  number  more 
than  95  per  cent,  of  the  ceils  present.  In  the  chronic  cases  nearly 
all  may  be  small  lymphocytes  (Fig.  313),  or  there  may  be  an  admixture 
of  larger  forms  ;  whilst  in  many  acute  cases  nearly  all  may  be  of 
the  larger  variety,  lymphoblasts,  which  may  show  aberrant  char¬ 
acters.  The'  other  cells  are  not  increased  and  are  often  actually 

diminished  in  number.  The 
"ly  number  of  leucocytes  in  the 

chronic  lymphatic  type  may 
reach  as  high  a  figure  as  in  the 
myeloid  t}^e,  but  is  usually 
less  raised.  In  acute  cases 
the  number  may  be  little 
above  normal,  the  chief  fea¬ 
ture  being  the  large  proportion 
of  l3nnphoblasts.  x4nsem-ia 
tends  to  be  more  marked  than 
In  myeloid  leukaemia  ;  it  is  of 
the  hypochromic  type  with  the 
usual  accompanying  changes. 
Erythroblasts  ,  are  in  general 
"  scanty  and  may  be  absent. 
As  a  contrast  to  what  occurs 
in  the  myeloid  form  the  plate¬ 
lets  are  usually  scanty  and 
may  be  almost  absent.  This 
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Fig.  313. — Film  of  blood  in  chronic 
lymphatic  lenhsemia,  showing  in- 
creas©  of  small  lymphocytes. 

The  red  corpuscles  are  scanty  and  show  *3mg- 
staining  ’  owing  to  deficiency  of  hsemogloDiii. 
X  400. 
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change  and  also  the  fall  in  number  of  the  erythrocytes  are  apparently 
due  to  the  replacement  of  the  marrow  tissue  by  lymphocjiies. 

It  \%all  be  seen  from  the  above  that  in  the  acute  cases,  both 
myeloid  and  lymphatic,  the  number  of  leucocytes  may  be  bttle 
raised,  wbUe  the  ceUs  are  chiefly  of  primitive  type.  There  is  often  a 
tendency  to  hemorrhages  and  also  to  inflammatory  conditions  about 
the  mouth  ovdng  to  reduction  hr  the  number  of  mature  functionally 
active  polymorphs,  i.e.  there  is  virtually  a  state  of  agranulocytosis. 

Intermediate  types  between 
the  acute  and  chronic  occur, 


but  as  a  rule  cases  fall 
readily  into  one  or  other  of 
the  two  main  classes. 


The  Bone-Marrow,  In  both 
types  the  fatty  marrow  is 
replaced  by  a  pale  cehular 
marrow,  and  there  is  consider¬ 
able  absorption  of  bone  trabe¬ 


culae,  so  that  it  is  easy  to  cut 
out  large  portions  (Fig.  315). 
The  colour  is  usually  pinMsh- 


;  grey  with  redder  streaks  and 

.y  patches,  and  sometimes  it  has 

Fig.  314. — Blood  in  acute  lymphatic  a  shghtly  greenish  tint ;  in 
leukaemia,  showing  increase  of  larger  myeloid  type  autolytic 

lymphocytes.  (E.  M.  D.)  X  400.  i*j  •  u  4.1 

lymp  y  softenmg  may  be  present  post 


so  that  the  marrow  may  have  an  almost  puriform  appearance. 
The  condition  in  the  two  varieties  is  found,  on  microscopic  examination, 
to  correspond  with  the  blood  picture.  In  the  myeloid  type  there 
is  an  enormous  hyperplasia  of  the  cells  of  the  marrow,  the  finely 
granular  myeloc^des  and  myeloblasts,  however,  markedly  prepon¬ 
derating,  and  the  latter  are  the  chief  cells  in  acute  cases.  Erythro- 
hlasts  are  still  present,  hut  are  relatively  reduced  in  number. 

In  the  hone-marrow  and  various  tissues  rich  in  leucocytes  there 
are  often  to  be  found  small  crystals  known  as  Charcot’s  crystals ; 
they  are  elongated  octahedra  of  about  10  ^  in  length.  Such  crystals 
are  found,  moreover,  along  with  eosinophil  leucocytes  in  the 
bronchial  tubes  in  asthma,  and  there  is  considerable  evidence  that 
they  are  derived  from  these  cells.  They  do  not  occur  in  the 
lymphatic  form  of  leukaemia. 

In  the  lymphatic  type,  the  cells  proper  to  the  marrow  may 
have  almost  disappeared  and  been  replaced  by  masses  of  lymphocytes, 
between  which  run  blood  vessels  with  thin  and  badly  defined  walls. 
Erythxoblasts  are  very  scanty,  and  it  may  be  difficult  to  find  any. 
The  marrow  tissue  proper  is  thus  practically  destroyed  by  the 
lymphocytic  invasion,  and  in  this  way  the  anaemia  is  brought 


about. 
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The  various  marrow  changes  described  are  sometimes  associated 
with  a  dull  pain  in  the  bones,  especially  in 
the  sternum. 

The  Spleen.  Great  enlargement  of 
the  spleen  is  '  a  feature  in  leiiksemia. 

It  is  greater  in  the  myeloid  type, 
where  the  weight  of  the  organ  may 
reach  six  pounds  (3  Kg.)  or  more,  but 
occasionally  in  chronic  lymphatic  leuk¬ 
aemia  almost  as  great  a  size  may  be 
met  with.  There  is  no  doubt  that  the 
size  of  the  organ  depends  mainly  on  the 
duration  of  the  disease,  being  greatest 
in  the  chronic  cases.  In  the  more 
acute  types,  the  enlargement  is  only 
moderate,  or  may  even  be  slight.  A 
large  spleen  in  leuksemia  has  usually  a 
moderately  firm  consistence  and,  on 
section,  shows  a  fairly  uniform  or  some¬ 
what  mottled  pale  red  surface,  in  which 
the  Malpighian  bodies,  as  a  rule,  cannot 
be  distinguished.  Infarcts  are  not 
infreq[uently  present  and  may  be  of  large 
size.  They  are  of  the  ansemic  variety 
and  are  probably  the  result  of  leucocyte 
thrombi.  In  the  more  acute  cases,  the 
organ  is  of  normal  or  even  subnormal 
consistence.  The  essential  histological 
change  in  all  cases,  is  packing  of  the  pulp  with  leucocji^es  cot- 
responding  in  character  with  those  in  the  blood.  Thus,  m  t  e 
myeloid  type  the  pulp  is  occupied  chiefly  by  myeloblasts,  myeloc^^des 
and  granular  leucocytes,  whereas  in  the  Ijmiphatic  form  the  cells  are 
hunphocytes.  It  seems  quite  likely  that  enlargement  of  the  spleen 
represents  an  attempt  on  the  part  of  the  organ  to  remove  the  cel  s 
in  excess  from  tlie  blood,  but  proliferation  of  the  retained  ^Us 
increases  further  the  size  of  the  organ.  In  ctoomc  eases  a  certain 
amount  of  thickening  of  the  stroma  follows.  The  Malpigluan  bodies 
usually  take  no  part  in  the  change  and  are  of  small  size  ;  they  appear 
scanty  owing  to  their  being  separated  by  the  enlarged  pulp-  Some¬ 
times  a  considerable  amount  of  hemosiderin  is  present  m  the  pulp 

In  the  myeloid  type,  the  nodes  may  be  practi- 
eaUy  unaltered  to  the  naked  ep,  or  some  may  ^ 

On  microscopic  examination,  it  is  common  °  TiliPTal 

of  myeloid  cells  in  the  cortical  sinuses  extenjng  mto  the 
parts  of  the  lymphoid  tissue,  the  appearance  ben^  as  if  the  cells  haH 
been  carried  to  the  nodes  by  the  lymphatics.  Areas  of  similar  cells 


Fig.  315. — Section  of  femur 
in  leuksemia. 

Tlie  fatty  marrow  is  replaced,  by 
a  pale  ee.EE!ar  tissBe  and  there  is  also 
absorption  of  bone,  x  I-. 
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may  be  scattered  in  the  substance  of  the  glands  possibly  as  the  result 
of  myeloid  transformation  in  situ. 

In  the  lymphatic  form  there  is  usually  marked  enlargement  of 
the  lymph  nodes.  In  chronic  cases  this  enlargement  may  affect  many 
groups  and  reach  a  high  degree,  while  in  the  more  acute  cases  the 
enlargement  is  often  localised  to  a  particular  region,  and  is  less  marked 
or  may  be  slight.  The  glands  are  soft  and  highly  cellular  and  usually 
greyish  or  pinkish-grey,  although  occasionally  hajmorrhages  are  present, 
especially  in  the  more  acute  cases.  The  enlargement  is  due  to  an 
overrunning  of  the  whole  gland  substance  with  lymphoojdes  similar 
to  those  in  Excess  in  the  blood.  The  normal  architecture  of  the  glands 
is  lost,  and  they  have  a  uniform  cellular  character.  There  is  little 
or  no  tendency  to  secondary  fibrotic  change  even  in  very  chronic  cases. 

In  monocytic  leukaemia,  also,  there  occurs  enlargement  of  lym¬ 
phatic  glands,  though  this  may  not  be  very  marked.  The  cervical 
glands  are  those  most  commonly  affected. 

Changes  in  other  Organs.  These  are  chiefly  infiltrations  of  cells 
corresponding  to  those  in  the  blood,  and  are  especially  met  with  in 
lymphatic  leukajmia.  Such  infiltrations  may  be  general  and  produce 
uniform  enlargement  of  organs  with  pallor,  or,  on  the  other  hand, 
they  may  give  rise  to  irregular  pale  areas,  or  sometimes  even  to 
rounded  tumour-like  masses.  A  periportal  infiltration  of  lymphocytes 
in  the  liver,  with  encroachment  on  the  parenchyma,  is  common  in 
lymphatic  lenkicmia  (Ei^.  316),  and  a  similar  condition  is  occasionally 
present  in  the  kidneys,  which  may  become  greatly  enlarpd  as  a 
result ;  but  the  characters  and  distribution  of  such  infiltrations  vary 
greatly  in  different  cases,  and  practically  any  organ  in  the  body  may 
be  affected.  In  the  myeloid  type,  collections  of  myelocytes,  etc.,  are 
occasionally  met  with  in  the  portal  tracts  of  the  liver  and  around 

capillaries  in  various  organs. 

In-  leukaemias  generally, 
especially  when  there  is 

marked  anaemia,  fatty  de¬ 
generation  and  capillary 

haemorrhages  are  of  common 
occurrence  in  various 

organs,  on  serous  surfaces, 
etc.  In  the  brain,  haemor¬ 
rhage  of  considerable  size  is 
occasionally  met  with,  and 
is  apparently  the  result  of 
blocking  of  the  vessels  with 
leucocyte  thrombi.  Such 
,  haemorrhage  is'  often  in 

4  multiple  foci  and  irregularly 

Fig.  316.— Section  of  liver  in  lymphatio  distributed  in  the  brain 

leukaeima,  showing  infiltration  of  lympho- 
cytes  aronnd  the  portal  tracts.  X  60.  substance. 
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Chemical  Changes.  In  leukaemia,  tlie  amoiuit  of  uric  acid  in  t'.he 
blood  and  in  the  urine  is  usually  increased,  and  in  the  spleen 
there  has  been  found  an  increase  of  uric  acid  and  xaiitiiine  bases. 
These  substances  are  derived  mainly  from  nucleic  acid,  and  their 
increase  is  no  donbt  due  to  the  excessive  breaking  down  of  leuco¬ 
cytes  which  occurs  in  the  disease.  Bence-Jones  protein  is  often 
present  in  the  urine  as  hi  other  conditions  affecting  the  bone- 
marrow. 

Monocytic  Leukaemia.  This  has  recently  been  recognised  as 
a  distinct  variety ;  it  is  relatively  rare  but  already'  a  considerable 
number  of  cases  have  been  recorded.  It  is  usually  acute  and  is 
associated  vith  necrotic  inflammatory  conditions  of  mouth  and  laiiec^s 


and  sometimes  of  the  rectum  ;  there  is  .irregular  pyrexia,  advancing 
aiieemia,  petechia,  Meedhigs  from  the  mucous  surfaces,  etc.  The 
leucocyte  count  is  usually  not  very  high  but  occasionally  it  is  over 
250,000  per  c.mm.  The  percentage  of  monocytes  and  ‘  Hast  ’  ceHs 
may  be  70  or  higher  and.  the  more  mature  cells  ^ve  the  charaeteristic 
secnregation  granules  on  supravital  staining  with  neutral  red.  In 
addition  to  ordinary  monocytes  there  are  also  larger  ceUs  of  more 
primitive  type,  the  cytoplasm  of  wHch  often  shows  a  projection  of 
pseudopodia  (Eig.  317).  These  larger  cells  have  often  been  found  to 
he  oxydase-negative.  An  admixture  of  myeloblasts  and  myelocytes 
is  often  present  in  the  blood  and  these  cells  predominate  in  the  mtemal 
organs,  so  that  the  extensive  leukemic  infiltrations  leading  to  enlarge, 
ment  of  the  lymph  nodes,  spleen,  liver  and  bone-marrow  may  be 
more  myeloid  than  monocytic  in  character  (Naegeh).  In  accordance 
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with,  another  view  that  the  monocytes  originate  from  the  reticulo¬ 
endothelial  system,  the  disease  has  been  named  a  reticiilo-endotheliosis 
(Schilling),  but  evidence  in  support  of  this  is  lacking  in  many  cases 
and  the  study  of  monocytic  leuksemia  has  done  little  to  clarify  the 
origin  of  the  monocytes.  We  have  observed  several  examples  of 
monocytic  leuksemia  beginning  with  an  acute  hsemolytic  crisis,  in 
which  hyperbihrubinsemia,  reticulocytosis  and  splenomegaly  were 
prominent,  the  leuksemic  blood  picture  appearing  only  after  some 
months. 

CMoroma.  The  term  is  applied  to  a  greenish  cellular  tumour  which  is 
associated  with  acute  leukaemia  usually  in  early  life.  The  growth,  which  is 
often  multiple,  starts  usually  under  the  periosteum  of  the  bones  of  the  head, 
occasionally  projecting  into  the  orbit  or  cranial  cavity,  and  afterwards  may 
appear  in  other  parts.  The  tissue  of  the  growth  has  a  distinct  greenish  colour 
which  disappears  on  exposure  to  the  air  ;  the  nature  and  significance  of  the 
pigment  are  unknown.  As  has  been  said,  a  leuksemic  condition  of  the  blood 
is  present,  and  both  myeloblastic  and  lymphoblastic  cases  have  been  described, 
but  the  evidence  is  that  most  are  of  the  former  type.  We  have,  however,  ob¬ 
served  multiple  chloromata  in  the  breasts  in  association  with  acute  leukaemia 
of  predominantly  monocytic  type.  The  leucocyte  count  may  not  be  much 
raised.  The  ceUs  of  the  growths  correspond  in  character  with  those  in  the  blood, 
and  the  condition  is  of  interest  as  suggesting  an  intermediate  stage  between 
leukaemia  and  ordinary  tumour  growth. 

Pathology  of  Leukemia.  The  cause  of  leukaemia  is  unknown ; 
no  parasite  has  been  found.  The  facts  known  with  regard  to  the 
disease  indicate  rather  that  it  is  a  neoplastic  process,  corresponding  to 
tumour  growth.  Acute  cases  are  often  attended  by  pyrexia,  inflam¬ 
matory  change  in  the  fauces,  a  tendency  to  hsemorrhage,  etc.,  and 
the  general  features  rather  resemble  those  of  an  infective  condition, 
but  such  symptoms  may  be  really  due  to  secondary  bacterial  infection. 
This  will  be  apt  to  occur  since  in  acute  cases  the  number  of  poly- 
morpho-nu clears  is  much  reduced  ;  in  fact  a  condition  of  agranulo¬ 
cytosis  may  be  present. 

The  resemblance  between  leukssmia  and  malignant  neoplasms  is 
very  striking.  While  frank  leukaemia  is  the  commonest  form  of  the 
disease  in  man,  cases  are  met  with  in  which  tnmour-like  nodules 
composed  of  leukohlastic  cells  develop  in  the  course  of  the  disease 
but  do  not  present  the  characters  of  chloroma.  This  occurs  both  in 
the  myeloid  and  lymphatic  forms.  In  other  cases  a  tumour  of  lympho- 
sarcomatous  character  appears  first,  but  after  a  time  the  changes  of 
lymphatic  leukaemia  develop  in  the  blood.  Leukaemia  occurs  in  the 
lower  animals  and,  among  mammals,  has  been  studied  especially  in 
mice  and  guinea-pigs.  The  disease  can  readily  be  transmitted  from 
one  animal  to  another  of  the  same  species,  hut  only  by  means  of  the 
cells,  not  by  any  filterable  agent.  In  mice  it  is  a  comparatively 
frequent  disease,  the  lymphatic  t3rpe  being  more  common  than  the 
myeloid  and  often  associated  with  lymphomatous  tumours.  A 
hereditary  element  seems  to  he  involved,  and  an  interesting  fact  is 
that  lymphatic  leukaemia  becomes  more  frequent  in  mice  treated 
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mth  carcinogemc  agents  for  other  purposes.  In  fowls  too  leuksemia 
is  comparatively  comnion,  different  forms  occurring,  and  it  has  been 
shown  by  Ellerman  and  others  that  it  is  transmissible  to  other  fowls 
by  a  cell-free  filtrate.  In  this  respect  there  is  a  striking  analogy  to 
the  filterable  tumours  of  birds.  Then  again  we  have  the  fact  that  in 
leuksemia  just  as  in  tumours  the  more  anaplastic  or  imdifferentiated 
the  cell  is,  the  more  rapid  is  the  course  of  the  disease.  If  al  these 
facts  are  considered  it  appears  highly  probable  that  leuksemia  is  an 
example  of  neoplasia,  and  that  its  features  are  due  to  the  characters 
of  the  cells  concerned  and  the  absence  of  stroma  formation.  There 
are,  however,  certain  aspects  which  do  not  wholly  accord  with  this 
view  (Whitby) - 

Splenomegalic  Polycythsemia  or  Erythramia.  In  this  con¬ 
dition  there  is  a  marked  increase  in  the  number  of  red  corpuscles 
per  c.mm.,  and,  as  the  colour  index  is  only  a  little  reduced,  there  is 
also  a  marked  increase  in  the  percentage  of  hemoglobin.  Further, 
the  total  quantity  of  the  blood  is  considerably  increased,  that 
is,  there  is  a  true  plethora,  so  that  the  increase  of  red  corpuscles  is 
greater  than  is  mdicated  by  the  hemocytometer  co'unt.  The  red 
corpuscles  tend  to  he  somewhat  dimmished  in  size  ,  some  pol^'  - 
chromatophil  corpuscles  and  normoblasts  are  oceasionaHy  to  be  found 
in  films.  The  leucocytes  may  show  little  change,  but  a  moderate 
increase  of  polymorpho-nuclears  is  observed  in  some  cases  and^a 
wMte  cell  count  of  25,0'00  per  c.mm.  is  fairly  common,  with  a  shift 
to  the  left  in  the  Arneth  count.  The  enlargement  of  the  spleen, 
which  may  reach  a  considerable  degree^  appears  to  represent  an  attempt 
to  deal  vith  the  excessive  amount  of  blood.  The  viscosity  of  the 
blood  is  increased,  and  accordingly  also  the  frictional  resistance  ; 
and  thus  to  maintain  the  circulation  the  left  ventricle  of  the  heart 
undergoes  a  certain  amount  of  hypertrophy.  The  blood  pressure 
becomes  raised  and  ultimately  arterio-sclerosis  may  develop.  The 
disease,  as  such,  is  usually  met  with  in  middle  adult  life,  but  no  doubt 
it  originates  at  an  earlier  period.  The  patient  has  commonly  a  florid 
appearance,  and  there  is  a  tendenc;^  to  cyanosis,  especiaHy  on  exposure 
to  cold.  The  marrow  in  the  shafts  of  the  long  bones  is,  as  a  ruie,^ 
changed  into  red  marrow  of  erythroblastic  t^e,  and  this  fact,  along 
with  the  occasional  presence  of  erythrohlasts  in  the  circulation,  ^ows 
that  there  is  an  abnormally  great  production  of  eryt-hrocytes.  There 
is  no  evidence  that  this  is -of  secondary  or  compensatory  nature,  or 
the  result  of  some  defect  in  the  functional  capacity  of  the  red  corpuscles. 
It  has  been  supposed  to  be  of  neoplastic  nature,  analogous  to  the 

increase  of  leucocytes  in  leukemia,  and  some  such  hn>othesis  must 
meantime  be  accepted.  In:  some  cases  of  eryttesemia  the  marrow 
eventuaUy  becomes  fibrous  and  myeloid  transformation  occurs  m  the 
spleen  and  other  sites  so  that  a  leuko-erythroblastic  Mood  picture 
results. 
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HMMORREAGIG  DISEASES 

Under  this  heading  we  have  grouped  together  a  number  of  con- 
ditions — ^li^mophilia,  purpura,  scurvy,  etc. — ^Avhich  are  quite  different 
in  their  etiology,  hut  which  have  the  common  feature  of  a  liability 
to  the  occurrence  of  haemorrhages  into  the  tissues  and  from  mucous 
membranes. 

The  hgemorrhagic  feature  may  be  present  also  in  some  of  the  dis¬ 
eases  already  described,  notably  in  acute  leukaemia  and  in  ajdastic 
anaemia. 

Hemophilia.  This  affection  is  characterised  by  a  congenital 
deficiency  in  the  coagulating  power  of  the  blood.  Prom  almost  any 
trifling  wound  there  is  persistent  bleeding,  while  a  larger  one,  especially 
that  caused  by  the  extraction  of  a  tooth,  has  been  known  to  cause 
death.  Effusions  of  blood  and  serum  in  varying  proportion  occur 
into  the  joints  and  into  the  subcutaneous  tissues,  giving  rise  to 
‘  h^matomata,’  and  this  may  happen  either  ‘  spontaneously  ’  or  as  the 
result  of  slight  injuries.  When  effusions  take  place  into  the  joints, 
absorption  of  the  blood  is  slow  and  often  imperfect ;  fibrous  adhesions 
leading  to  partial  ankylosis  with  secondary  erosion  of  cartilage,  etc., 
are  apt  to  follow,  and  thus  permanent  interference  with  movement 
may  result.  Spontaneous  hemorrhages  occur  also  from  mucous 
membranes,  such  as  those  of  the  nose,  alimentary  and  urinary  tracts, 
etc.,  but  the  skin  petechie  met  with  in  purpura  do  not  occur.  The 
tendency  to  bleeding  often  diminishes  in  the  later  years  of  life. 

HffimopMlia  is,  in  its  typical  form,  restricted  to  the  male  sex  and  is  trans¬ 
mitted  through  a  female  carrying  the  defect.  It  has  a  clearly  hereditary 
character,  half  of  the  sons  being  affected  and  half  of  the  daughters  being  carriers. 
Haemophilia  results  from  the  absence  of  a  gene  controlling  blood  coagulation  ; 
this  gene  is  normally  carried  by  the  X  sex  chromosome,  but  in  a  small  proportion 
of  individuals  it  is  absent  as  a  mutation  which  is  subsequently  transmitted. 
In  the  female  with  two  X  chromosomes  the  abnormality  (Xq  is  represented 
as  XX'  and  the  normal  X'  is  sufficient  to  prevent  the  bleeding  tendency  ;  such 
a  heterozygous  female  is  not  hsemophilic  although  certain  differences  in  the 
coagulation  of  her  blood -can  be  detected  by  refined  methods. 

The  male  sex  chromosome  Y  does  not  carry  the  gene  and  accordingly  an 
X'Y  male  is  hsemophilic.  The  imion  of  a  hsemophilic  male  with  a  normal 
female  never  results  in  hsemophilia — there  is  always  one  X  to  prevent  it — but 
all  daughters  would  be  carriers  and  would  transmit  the  disease  to  half  of  their 
grandsons.  A  hsemophilic  female  X'X'  could  arise  only  from  the  union  of  a 
hsemophilic  male  X'Y  with  a  female  carrying  the  gene  abnormality  XX  .  Such 
a  union  must  be  very  rare,  though  it  might  occur  from  intermarriage,  e.g.  of 
cousms,  in  a  hsemophilic  stock.  The  great  rarity  of  such  individuals  suggests 
that  X'X'  is  usually  a  lethal  gene  combination,  but  recently  Merskey  has  des¬ 
cribed  two  such  cases  of  hsemophilia  in  females. 

In  hsemopkilia  there  is  comparatively  little  change  in  the  corpus¬ 
cular  elements  of  the  blood  ;  the  number  of  leucocytes  is  usually 
somewhat  diminished,  the  fall  being  on  the  part  of  the  polymorpho- 
nuclears.  The  blood  platelets  show  no  diminution  in  number  such 
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as  is  common  in  purpura.  Tiie  coagulation  time  of  the  blood,  when 
estimated  between  the  bleedings,  is  greatly  lengthened  according 
to  Ahnroth  Wright’s  results,  up  to  an  hour  by  the  capillary  tube 
method.  After  a  bleeding,  howeTer,  the  coagulation  time  becomes 
shortened  and  may  approach  the  normal ;  this  is  in  accordance  with 
the  more  rapid  coagulation  which  occurs  as  a  ph^’-siological  response 
after  hsemorrhage.  The  hleediiig  time  is  usually  normal.  This  is 
usually  explained  as  heing  due  to  the  fact  that  in  a  wound  such^  as 
a  prick,  the  bleeding  from  the  capillaries  is  stopped  hy  accumulation 
of  platelets,  the  number  of  which  in  hemophilia  is  normal. 

An  ahnormahty  in  the  platelets  was  first  described  by  ^Minot  and 
Lee.  In  hemophiha  the  platelets  in  shed  blood  are  much  more  slow 
to  become  altered  in  appearance  and  fuse  together  than  those  of 
normal  blood.  The  addition  of  normal  platelets  to  hemophilic  plasma 
causes  it  to  coagulate  in  normal  time,  whereas  the  platelets  from  a 
hemophilic  case  have  much  less  effect  even  when  added  in  larger 
amount.  The  former  pro'cedure,  however,  inevitably  involves  addition 
of  a  small  amount  of  normal  plasma  and  recent  work  suggests  that 
this  may  he  the  essential  fact.  Plasma  fractionation  has  shown  that 
normal  plasma  contains  a  heat-stable  substance  associated  with  the 
globulin  in  Cohn’s  fraction  I  which  promotes  the  clotting  of  hemo¬ 
philic  plasma.  This  substance  is  deficient  in  hemophilia  but  it  can 
be  supphed  by  transfusion  of  fresh  blood.  After  repeated  transfiisions 
'  a  refractory  state  may  develop  and  this  appears  to  be^  due  to  iso¬ 
immunisation  of  the  recipient  against  the  deficient  globulin  which^has 
been  supplied  in  the  transfused  blood.  Ihe  aiiti-hemophihc 
globulin  normally  acts  as  a  thrombocytolysiii  which  disrupts  platelets 
and  thus  liberates  thromboMnase.  These  observations  are  all  in 
accordance  with  the  old  results  of  SaM  and  others  that  the  delayed 
coagulation  is  due  to  deficiency  in  thromboMnase,  the  other  con¬ 
stituents — ^protbxombin,  fibrinogen,  and  calcium,— being  nomial.  The 
tendency  to  the  occurrence  of  serous  effusion  and  hemorrhages  into 
joints  in  hemophiha  points  to  the  co-existence  of  some  vascular 
abnormality,  and  there  are  other  difficulties  in  accepting  ^  plasma- 
platelet  deficiency  as  the  complete  explanation  of  hsemopMha. 

Piirpura.  '  This  term  is  applied,  in  a  general  way  to  conditions 
where  there  are  multiple  small  hsemorrhages  into  the  sMn,  mucous 
membranes  and  internal  parts  of  the  body  ;  there  may  be  also  hemor¬ 
rhages  from  mucous  .surfaces.  We  have  m,entioned  above  (p-  14}  a 
number  of  the  pathological  states  in  which  such  extravasations  are 
met  with,  and  we  may  recall  that  they  are  chiefly  toxic  or  infective 
conditions,  on  the  one  hand,  or  diseases  of  the  blood,  on  the  other. 
Accordingly  this  secondary  purpura  may  be  produced  in.  various 
ways  ;  it  is  a  symptom  rather  than  a  special  disease.  But  whilst 
this  is  so,  purpura  occurs  without  evidence  of  its  being'  secondary  to 
the  conditions  mentioned  ;  it  may  be  of  a  comparatively  mild  form 
purpura  simplex— OT  it  may  be  a  severe  disease  attended,  by  extensive 
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bleedings  and  fever,  and  often  leading  to  a  fatal  result — purpura 
hmmrrhagica.  It  is  now  recognised  that  cases  of  purpura  fall  into 
two  main  classes,  namely  (a)  those  with  httle  or  no  fall  in  the  platelet 
count,  and  (5)  those  in  which  there  is  a  distmct  fall — essential  thrombo¬ 
cytopenia  or  thrombocytopenic  purpura.  To  the  former  group 
belong  most  cases  of  simple  purpura,  e.g.  Henoch’s  purpura,  rheumatic 
purpura,  and  Schonlein’s  purpura,  and  many  of  these  are  believed 
to  be  of  allergic  nature  (p.  194),  often  called  anaphylactoid.  The 
following  are  the  essential  features  of  the  thrombocytopenic  type. 

Thrombocytopenic  purpura,  which  is  known  also  as  Werlhof’s 
disease,  occurs  in  acute  and  chronic  forms,  the  latter  being  the  com¬ 
moner.  The  number  of  the  platelets  may  fall  to  10,000  per  c.mm., 
or  even  less,  and  they  often  show  abnormalities  in  size  and  in  shape. 
There  is  usually  little  or  no  increase  in  the  coagulation  time  of  the 
blood  outside  the  body,  but  the  bleeding-time,  that  is,  the  time  during 
which  bleeding  occurs  from  a  prick  or  small  wound,  is  much  prolonged. 
The  coagulum  formed  in  extra-vascular  clotting  has  the  peculiarity 
that  it  does  not  retract  from  the  w^all  of  the  container  and  owing  to 
this  it  remains  soft  and  friable.  In  a  w^ound,  clot  of  this  nature 
must  form  a  less  efficient  seal  and  this  is  probably  a  factor  in  the 
continuation  of  haemorrhage.  F ailure  of  clot  retraction  is  related  to  the 
paucity  of  platelets  and  it  appears  that  while  small  numbers  of  these 
are  sufficient  to  cause  blood  to  clot  in  the  usual  time  large  numbers 
are  required  to  produce  a  firm  clot.  In  a  considerable  proportion 
of  cases  splenectomy  is  followed  by  a  remarkable  improvement. 
This  has  been  specially  so  in  chronic  purpura  with  exacerbations, 
but  even  in  acute  cases  with  marked  anaemia  the  result  may  be  very 
striking.  In  the  latter,  excision  of  the  organ  should  be  preceded  by 
transfusion.  The  operation  may  be  followed  not  only  by  disappear¬ 
ance  of  the  purpuric  state  but  by  a  rapid  increase  in  number  of 
platelets,  in  some  cases  up  to  normal.  At  the  same  time,  the  bleed¬ 
ing  time  becomes  shortened  and  the  blood  coagulum  shows  the  feature 
of  ordinary  retraction.  There  is  often  also  a  remarkable  reticulocyte 
response  with  rise  in  the  number  of  erythrocytes.  The  results  are 
said  to  be  most  satisfactory  in  cases  in  which  marrow  biopsy  reveals 
abundant  megakaryocytes,  whereas  when  these  cells  are  scanty, 
dramatic  improvement  is  less  probable.  In  some  cases  relapse  has 
been  recorded,  but  undoubtedly  in  many  instances  the  favourable 
effect  has  lasted  for  some  time  and  probably  is  permanent.  Eecently 
it  has  been  found  by  Troland  and  Lee  that  from  the  spleen  of  a  thrombo¬ 
cytopenic  there  can  be  obtained  an  extract  which  has  a  remarkable 
effect  in  lowering  the  platelet  count.  Similar  extracts  from  spleens 
in  other  conditions  had  no  such  effect.  These  results  along  with  the 
effects  of  splenectomy  in  the  disease  indicate  that  the  essential  abnor- 
mahty  is  in  the  spleen  rather  than  in  the  bone-marrow.  A  definite 
statement,  however,  cannot  yet  be  given. 

Some  abnormality  of  the  capillary  endothelium  is  apparently 
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present  in  this  type  of  purpura,  as  is  sometimes  .hewn  bj  a  tend  j 
to  hsmatoma  on  slight  bruising,  and  Mactarlaiie  has 
capillaries  lack  contractile  power  after  m]ury.  It  seems  Jiat  in  .ome 
uiLio^ra  mamier  this  is  related  to  the  deficiency  m_ 
abnormal  state  of  the  vascular  endothelium  in  purpura  is  also  in  iicatccl 
bv  the  fact  that  if  the  venous  return  be  obstructed  by  applt  mg  a 
tournfait  or  tight  bandage  to  the  arm,  smaU  petechi*  tend  to  form 
in  the^congested  area  below.  It  may  be  mentioned  that  m  pnmayc 
aplastic  ansemia  (p.  500)  we  have  another  disease  m  which  marke 
thrombocytopenia  is  associated  with  purpuric  eruption. 

We  mav  Jefer  to  the  important  work  of  Ledingham,  who  showed 
that  the  injection  of  an  anti-platelet  serum  produces  a  markedly 
ptputc  condition  in  guinea-pigs,  as  well  as  a  rapid  faU  in  the  numljr 
of  platelets.  Bedson,  in  investigating  this  phenomenon,  ^und  no 
evidence  that  the  hemorrhages  are  due  to  platelet  ^ 

he  came  to  the  conclusion  that  the  serum  produces  some  ahght  lesio^ 
SDaLa,  .BdctheU.m,  Th.«  is 

between  paucitv  of  platelets  and  an  abnormal  condition  of  the 
of  the  capillaries,  asSiown  by  the  tendency  to  petechial  hemorrhag^ 
There  is  however,  a  varietv  of  thrombocytopenic  purpura  m  which 

th,  ii S 

caniUarv  thrombosis  bv  masses  of  fased  platelets.  ^  ^ 
reSicmised  by  Moschcowitz  in  1925,  is  characterised  by  ansemia  of 
h3^h  ty^,  thromhooytopenia,  fe^r  and  f-- 
festations  due  to  the  multiple  small  vascular  obstruetiom. 

etiology  is  unknown. 

Hemorrhagic  Disease  of 

by  spoata^eous  temorrhages  from  births,  aad  it  is 

causes  severe  metena  ;  it  occiM  m  ab  tvv^blood  The  blood  of  the  new- 

due  to  virtual  absence  of  protluombm  from  the  bW.^  The 

bom  chUd  has  normally  a  IS^r  cent,  or  less 

•“  ■.!»«  «i~.  ito  pi-- 

the  infant  above  the  dmger  disorder  is  characterised  by  almost  total 

Congenital  ^pen^  th^J^t^raceordingly  the  blood  is  virtually 
Lcoa^rWe  ^elsease  is  fai^ihal  and  serious  haemorrhages  reqmrmg  treat¬ 
ment  by  transfusion  may  occim  after  ^  transmitted  as 

Hereditary  Hemorrhagic  Telangiectama  Th^  and  time 

a  simple  dominaat  m  Iwtli  sexes.  small  teiangiec- 

teWt’TL'r'T^he  ^“and  Lcous  membranes  and  from  them  repeated 
Slmhagr"our  so  that  a  severe  degree  of  anarnna  may  res.ilt. 

Scurvy.  This  disease,  in  which  the  hamorrha^c  tendency  ^  a 
featpxe.  i»  leg 

in  diet,  especiaUy  fresh  vegetables  and  frmt.  It  used  to  be  common 
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di:ri::2  :^ea  vova^es.  aiiri  it  iias  occurred  in  severe  form  during 
war  amoiiL'st  the  inhahitaiits  of  beleaguered  towns.  Cases  of  mild 
seiirvT  are  fH?easioiuiiiy  met  witii  in  civil  life  amongst  the  poorer 
classes,  while  infantile  scurvy  is  by  no  means  a  rare  affection.  The 
clianoes  in  the  ’ooiies  anti  the  other  features  of  the  latter  condition 
are  cfescri’oed  later.  The  aiiri-seorbiitic  property  in  vegetables,  etc., 
depends  u|)oii  the  presence  of  a  eomparatively  unstable  accessory 
food  principle.  '  vitaniiii  C,  l-ascorbic  acid.  Scurvy  is  characterised 
by  the  occurrence  of  petechia^  in  the  skin,  iigemorrhages  or  sanguineous 
effusions  under  the  skin,  in  the  muscles,  under  the  periosteum,  and 
into  the  joints,  the  lower  Miiibs  being  most  frequently  aff’ected. 
Another  cliaraeteiistie  feature  is  swelling  and  sponginess  of  the 
aiims,  especially  around  carious  teeth,  and  later  there  may  he  extensive 
ulceration  with  fungous  graiiiilatioiis.  Hemorrhages  from  the  mucous 
membranes  are  met  wdth  in  se%^ere  cases.  There  is  lowering  of  the 
resisting  porver  of  the  tissues,  and  the  subcutaneous  swellings  may 
be  the  seat  of  ulceration  rvMeh  may  be  both  multiple  and  extensiwe  ; 
inflaiiiiiiatioiis  of  serous  membranes  attended  by  blood-stained  effusion 
are  not  infrequent.  In  scurvy  there  is  no  abnormality  in  the  coagula¬ 
tion  of  the  blood  or  in  the  number  of  the  platelets.  Ansemia  of 
microcytic  type  is  often  present  and  this  is  as  a  rule  readily  amenable 
to  treatiiient  by  vitamin  C  and  iron. 

A  condition  of  scurvy,  wdtii  all  the  essential  features,  can  be  readily 
produced  in  animals,  notably  guinea-pigs,  by  feeding  them  with  a 
scorbutic  diet,  e.g.  one  composed  of  cereals  and  water,  to  which 
autoclaved  milk  may  be  added  ;  and  by  this  method  the  distribution 
and  properties  of  the  anti-scorbutic  factor  haye  been  further  defined. 


CHAPTER  XII 


HiEMOPOIETIC  SYSTEM  (continued) 

SPLEEX,  LYMPH  NODES,  BONE-MARROW 

THE  SPLEEN 

No  other  organ  in  the  hodj  iiiiciergoes  in  disease  so  great  Tariatioiis 
in  size  as  the  spleen.  An  atrophied  spleen  may  weigli  only  100  g. 
(three  ounces),  whereas  the  weight  of  the  organ  in  leukcemia  and  other 
conditions  may  reach  2,500  g.  (five  pounds)  or  more.  As  enlargement 
can  he  readily  detected  during-  life,  a  knowledge  of  the  causes  pro¬ 
ducing  it  is  of  great  clinical  importance.  We  shall  use  the  term 
‘  enlargement/  as,  although  increase  in  size  may  represent  a  fiinetioiiai 
hypertrophy,  this  is  not  always  so,  and  in  some  conditions  tlie  cause 
iS'  iinknovm. 

Atrophy  of  the  spleen  occurs  in  old  age,  and  is.  aided  by  conditions 
of  inanition  and  by  arterial  disease.  lYhen  an  atrophied  spleen,  is 
examined,  its  capsule  is  found  to  be  thicker  and  more  opaque  than 
normally  and  sometimes  wrinkled,  and  on  section  the  trabecular 
tissue  is  seen  to  be  increased  and  to  stand  out  distinctly  against  the 
pulp  the  artery  waUs  are  often  somewhat  prom.inent  and  sclerosed. 
There  is  atrophy  of  the  pulp  and  of  the  Malpighian  bodies,  the  latter 
sometimes  being  scarcely  distinguishable. 

Splenic  enlargement  may  be  regarded  in  great  part  as  .an  expression 
of  increased  functional  activity  of  the  spleen  as  a  large  reticulo¬ 
endothelial  organ  and  blood  reservoir.  Apart  Horn  the  fonnation  of 
lymphocytes  and  probably  also  monocytes,  its  fimction  is  of  the  nature 
of  phagocytosis,  destruction  and  storage.  Thus  the  main.  enia,rge- 
ments  are"  seen  in  infections,  in  certain  blood  diseases  and  in  certain 
conditions  of  abnormal  metabolism.  There  are  also  causes  such  as 
amyloid  disease,  chronic  congestion,  etc.,  to  which  reference  be 
made.  We  shall  first  consider  in  a  general  way  the  main  causes  of 
enlargement  and  the  resulting  changes. 

Splenic  Enlargements  in  General 

The  va.scular  arrangements  of  the  spleen  are  of  great  importance 
ill  comiection  ivith  its  functions  both  in  health  and  disease.  Wlieii 
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'*  trai. '.-rAt-  to  enter  the  pulp  they  are 

[!,:  -'.v  -itnt'.i-.  "lie  -Maipbhiaii  bodies,  to  which 

tii*  V  .''iop'-v  -  iqtihario  :  ttey  then  break  uji  into  tine  arterioles  devoid 
of'lvrapi’.oid  eoverinn.  ami'  run  thruagii  the  red  pulp  where  their 
niorie  of  teriuination  is  still  uncertain.  Xear  the  terminations  of 
*hese  anerioles  the  mu.seular  wall  is  replaced  by  spindle-shaped 
.\i]lectir«s  of  endothelial  cells— the  ellip-soids— which  are  generally 
believed  to  be  contractile  and  to  have  the  property  of  determining 
whether  the  blood  flows  directly  onwards  into  the  venous  sinusoids 
as  a  closed  circulation,  or  outwards  into  the  pulp  spaces  as  an  open 
circulation.  The  eUipsoids  are  thus  thought  to  have  a  valve-like 
action,  so  that  when  the  spleen  is  contracted  the  circulation  through 
it  is  of  closed  type  and  is  therefore  rapid,  whereas  when  the  organ  is 
relaxed,  the  circulation  proceeds  slowly  by  way  of  the  pulp.  These 
facts  are  generallv  agreed  but  the  conditions  vary  hi  different  animals, 
and  some  points  are  stOl  obscure.  This  vascular  arrangement  has 
been  demonstrated  in  a  striking  way  from  the  physiological  side 
by  Bareroft  and  his  co-workers.  Their  general  conclusion  was  that 
the  pulp  of  the  spleen  forms  a  backwater  or  reservoir  in  which  the 
blood  is  relatively  at  rest  in  normal  conditions.  When,  for  example, 
carbon  monoxide  is  administered  to  a  resting  animal  there  is  a  lag  in 
the  combination  of  the  gas  with  haemoglobin  in  the  spleen,  an  interval 
of  about  thirty  minutes  elapsing  before  the  amount  of  CO-hsemoglobin 
in  the  spleen 'corresponds  with  that  in  the  blood.  The  splenic  pulp 
thus  coutains  an  amoimt  of  relatively  stagnant  blood,  and  this  may¬ 
be  added  to  the  circulating  blood  by  contraction  of  the  organ.  Such 
contraction  occurs  after  hemorrhage  and  in  conditions  of  anoxaemia 
when  there  is  a  demand  for  additional  hemoglobin  in  the  circulation, 
but  this  is  less  conspicuous  in  man  than  in  some  animals.  This  back¬ 
water  in  the  spleen  is  of  great  importance  in  pathological  conditions, 
and  its  action  as  a  reservoir  for  meeting  abnormal  requirements  is 


the  basis  of  many  cases  of  enlargement. 

(a)  Enlargement  occurs  in  a  variety  of  infections,  and  these  may 
be  of  bacterial  or  protozoal  nature,  and  of  acute  or  chronic  character. 
Organisms  of  these  two  different  kinds  accumulate  in  the  splenic 
pulp,  and  the  enlargement  is  in  great  part  due  to  reactive  changes 
concerned  in  their  destruction.  In  this  respect  a  close  parallel  can 
be  drawn  between  the  spleen  and  the  lymph  nodes  ;  the  former 
has  much  the  same  relation  to  the  blood  stream  as  the  latter  have 
to  the  lymph  stream.  In  each  case  the  structure  is  so  arranged 
that  the  stream  is  slowed  and  is  exposed  to  the  phagocytic  action  of 
endothelial  and  other  cells ;  opportunity  is  thus  given  for  the  separ¬ 
ating  out  of  abnormal  elements  and  their  subsequent  destruction  or 
storage.  *  . 

In  acute  infections,  the  earliest  change  in  the  spleen  is  probably 
an  acute  congestion  or  engorgement  brought  about  through  the  vaso¬ 
motor  mechanism  by  the  action  of  toxins  on  the  tissue  of  the 
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organ.  In  this  way  an  increased  amount  of  blood  is  brought  under 
the  influence  of  the  phagocytes  of  the  organ,  which  soon  show  pro¬ 
liferative  and  increased  functional  activity ;  poiyinorplio-nuciear 
leucocytes  also  may  be  attracted  to  the  organisms  which  accumulate 
in  the  splenic  pulp.  By  such  a  mechanism  not  only  bacteria  and  other 
parasites  are  removed  and  accumulate  in  the  splenic  pulp,  but  also 
damaged  red  cells  and  leucocytes.  Red  corpuscles  are  often  taken 
up  by  macrophages j  within  which  they  are  disintegrated,  with  the 
formation  of  hsemosiderin  as  the  ultimate  result.  Phagocjdosis  of 
injured  polymorpho-nuclears  also  may  occur,  though  it  is  not  so 
common  as  in  the  sinuses  of  lymphatic  glands  ;  it  is  found  more 
frequently  in  the  lower  animals  than  in  the  human  subject.  These 
leucocytes  are  not  numerous  in  the  pulp  in  the  iiorniai  state,  but  in 
septicmmic  conditions,  for  example,  they  gather  in  large  numbers  and 
many  undergo  extracellular  degeneration  ;  and  the  proteohdic 
enzymes  which  they  contain  cause  the  post-mortem  autolysis  and 
softening  which  are  often  marked  in  such  conditions.  The  macro¬ 
phages  are  chiefly  derived  from  the  endothelial  cells  of  the  venous 
channels  and  the  reticulum,  these  becoiiiing  separated  and  undergoing 
proliferation.  They  are  added  to  by  the  nionoc\i;es  of  the  blood. 

When  the  processes  described  have  lasted  for  some  time,  as  in 
chronic  infections,  there  occurs  reaction  on  the  part  of  the  stroma  of 
the  organ  as  the  result  of  toxic  action,  and  possibly  also  of  abnormal 
products  of  metabolism.  The  organ  then  becomes  increased  in  con¬ 
sistence  and  even  indurated,  as  is  well  seen  in  cases  of  chronic  malaria 
and  kala-azar. 

■(5)  The  part  played  by  the  spleen  in  blood  desirmtion  is  recognised 
to  be  of  great  importance.  The  cells  of  the  reticuio -endothelial 
system  have  the  power  of  forming  from  haemoglobin  both  iron-con- 
tainiiig  pigment  and  also^  bilirubin.  Little  is  kno\ni  of  the  norinal 
metabolism  of  the  iron  compounds,  except  that  the  iron  is  used  again 
in  blood,  formation.  In  conditions  of  disease,  however,  blood  destruc¬ 
tion  within  the  spleen  is  often  a  prom.inent  feature  and  deposits  of 
lisemosiderin  result.  The  pigment  is  found  both  in  free  macrophages 
and  within  endothelial  and  reticular  cells  still  in  position.  The 
function  of  the  spleen  in  red  cell  destruction  is  sometimes  exercised 
in  exaggerated  form,  so  that  benefit  is  obtained  by  the  removal  of 
the  organ.  This  has  been  found  to  be  the  ease  especially  in  aohohiric 
jaundice  and  in  some  cases  of  splenic  amemia  (p.  479).  Further, 
when  there  is  a  great  excess  of  leucoc\1:es  or  of  red  corpuscles  in^the 
general  circulation  there  is  an  attempt  to  deal  with  the  excess  in  a 
Smilar  way,  a  certain  proportion  of  the  ceils  being  retained  in  the 
spleen  ;  hence  the  great  splenic  enlargement  met  with  in  leukaemia 
and  polycythsemia. 

The  'spleen  has  also  an  important  relationship  to  blood  pMdets, 
but  this  subject^ is  still  very  obscure.  It  has  been  established, 
however,  that  in  purpura  with  deficiency  of  platelets,  in  the  hlcMxi, 
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t’*e  r'=‘rj.'“rrai  a:  th?  saleen  is  often  followed  by  disappearance  of  the 
ani  a  oreat  innva-t*  of  the  platelets  ,p.  51S). 

(c  The  srrleen  acts  as  a  storehouse  of  fats  and  lipoids  when  they 
are  nreseiir  in  excess,  these  substances  being  taken  up  by  the  cells 
of  the  reticulo-endotheiial  system.  Such  a  storage  occurs  in  cases 
of  diabetes  with  lip^mia  and  in  some  eases  of  Jaundice.  The  out¬ 
standing  example,  iiowerer,  is  the  storage  of  lipoids  which  occurs 
in  Gaucher's  and  in  Xiemann's  disease,  the  lipoidai  accumulation 
in  these  conditions  leading  to  enormous  enlargement  of  the  organ 
(p.  53d). 

Whilst  the  splenic  pulp  has  primarily  destructive  or  storage  function, 
ill  certain  conditions  myeloid  tissue  may  be  formed  in  it  from  the 
reticiilo-endotiielial  cells  and  wdi  thus  be  the  source  of  both  ertdhro- 
c-ytes  and  granular  leucocytes.  This  *  myeloid  transformation/ 
as  it  is  called,  is  met  with  in  various  anseniie  conditions  referred  to 
above. 


y  Splenic  Enlargemerit  in  Infections 

The  infections  leading  to  splenic  enlargement  may  be  classified 
as  follows :  I.  Bacterial  infections,  (a)  acute,  (b)  chronic,  and 
II.  Protozoal  infections.  These  ^vil  now  be  considered  in  this  order. 

I.  Bactebial  and  Viefs  L:tFECTi02?s,  (£3^)  Acute 

Acute  Splenic  Enlargement  or  Swelling.  This  appears  the 
most  convenient  designation  of  the  condition  produced.  It  is 
often  called  acute  congestion,  but  the  organ  may  contain  a  smaller 
proportion  of  red  corpuscles  than  normally.  The  enlargement,  of 
course,  varies  much  in  degree  ;  the  colour  of  the  organ  may  he  pale 
or  dark  red,  the  consistence  soft  or  practically  normal.  A  striking 
type  is  what  is  often  called  '  septig  spleen.’  It  occurs  in  sejpticsemic 
conditions,  especially  those  due  to  streptococci.  The  organ  is  swollen 
and  soft,  and  on  section  it  has  a  pinkish  creamy  appearance,  while 
its  substance  may  be  almost  diffluent  and  the  structural  outlines  may 
be  quite  gone.  Such  a  condition,  though  initiated  during  life,  is 
greatly  increased  fost  mortem  by  autolytic  changes.  Organisms 
can  usually  be  found  on  microscopic  examination,  and  in  streptococcal 
infections  may  be  very  numerous.  We  have  always  found  polymorpho¬ 
nuclear  ieucoc3rt€S  in  considerable  numbers,  and,  as  has  been  said,  the 
softening  is  probably  due  to  enzymes  formed  by  them,  which  act  on 
the  splenic  tissue  damaged  by  bacterial  toxins.  When  a  case  of 
septicaemia  is  of  subacute  character,  the  splenic  enlargement  becomes 
more  marked,  though  the  tissue  is  not  so  pale  and  soft.  A  striking 
example  is  seen  in  subamte  bacferiol  endJMm^itis  due  to  non-hsemoiytic 
streptoeocei,  where  the  organ  may  weigh  as  much  as  1,000  g-  (two 
pounds) .  On  section,  the  splenic  tissue  has  usually  a  dud,  pinkish  colour, 
with  indistnict  l^Ialp^hian  bodies,  and  the  substance  is  a  little  softer 
than  the  normal ;  the  condition  may,  of  course, .  be  associated  with 
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infarctions.  We  mention,  specially  the  enlargement  of  the  spleen  in 
bacterial  endocarditis,  as  it  is  not  generally  realised  how  great  a 
degree  this  may  reach. 

In  typhus,  fever  the  spleen  is  usually  enlarged,  pale  and  soft,  as  it 
is  also  in  severe  suppurative  or  confluent  small_pox^  though  in  the 
latter  disease  the  'change  is  possibly  due  to  superadded  streptococcal 
infection.  In  rapidly  fatal  eases  of  h£e.morrhagie  smallpox,  ^in  which 
there  is  often  leucopeiiia  with  marrow  elements  in  the  blood,  the 
spleen  is  usually  dark  red  and  contains  many  of  the  elements  of  the 
marrow  which  have  been  swept  into  the  cii’culation.  In  typhoid  fever 
splenic  enlargement  is  an  important  feature,  the  weight  someiimes 
reaching  500  g.  (1  lb.),  but  the  organ  is  not  pale  or  much  softened. 
In  our  experience  it  is  usually  of  a  fairly  uniform  reddish  colour  and 
of  moderate  softness,  or  it  may  he  deep  red  owing  to  congestion. 
The  colour  depends,  of  course,  on  the  prox>ortion  of  leucocj-tes  and 
red  corpuscles,  the  former,  as  in  other  tj’phoid  lesions,  being  chieflj 
mononuclear  cells  and  lymphoc\-tes.  T\-phoid  bacilli  usually  occur 
m  clumps  in  the  pulp,  and  though  there  is  sometimes  necrotic  change 
around  them,  they  may  be  unattended  by  any  sign  of  damage  in  their 
neighbourhood. 

Undulant  fever  and  relapsiya^fpver  are  diseases  in  which  there  occurs 
considlrable  splenic  enlargement  without  much  softening  of  the  septic 
type,  and  in  both  of  them  the  causal  organisms  abound  in  the  spleme 
pulp!  In  the  former,  the  enlargement  becomes  more  marked  as  the 
disease  goes  on  ;  the  average  weight  has  been  found  to  be  a  little  over 
500 13-.  (one  pound) ,  but  much  greater  degrees  of  enlargement  are  met  ’ftuth . 
Metchnikofi  showed  that  in  relapsing  fever  at  the  time  of  crisis,  when 
the  spiroohates  disappear  from  the  blood,  they  accumulate  m  the 
pulp  and  become  the  prey  of  phagocytes.  Whilst  this  is  the  mode 
of  destruction  of  the  spirochsetes,  the  essential  factor  m  the  proitaetion 
of  the  crisis  is  the  development  in  the  blood  of  antibodies,  which  have 
an  antagonistic  action  on  the  organisms  and  lead  to  the  occur¬ 
rence  of  phagocvtosis.  The  importance  of  the  spleen  is  exem¬ 
plified  by  the  fact  that  animals  which  normaUy  suffer  merely  a  single 
attack  on  inoculation  may  have  relapses  if  the  organ  has  been 

previoiisiv  removed.  ^  .  .  . -i  i 

The  condition  of  the  Malpighian  bodies  vanes  the  several 

infections  referred  to.  In  some  they  are  enlarged  and  distinct,  while 
in  others  they  are  little  changed  (in  the  pale  soft  spleens  they  are 
often  indistinguishable  by  the  naked  eye).  A  not  uncommon  change 
is  an  increased  prominence  of  the  germ  centres  with  fragmentotion 
of  the  nuclear  chromatin,  some  showing  marked  necrobiosis.  The^ 
chano-es  have  hitherto  been  ascribed  to  the  action  of  toxins,  which 
were  thought  to  act  first  as  mild  irritants  with  resulting  proliferation, 
and  later  to  kiU  the  cells.  Such  changes  are  common  in  sp^y^er 
and  diphtheria,  especiallv  in  children,  and  they  are  occasionally  met 
with  hT^'S'lnfections.*  It  is  now  recognised,  however,  that  similar 
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:a  *  lev  1  ?ri  tlit-  experi intent al  adiniiiist ration  of  adrenal 
xe.i'-  -  %  rti.-'iX  “i<  riiK  or  r:  Atiiitarv  arirenocorticotropMc  hormone. 

hinphfid  i-hange.-  in  disease  mar.  tlmrefore.  be  part  of  the 
anvi^Tal  neiati-m  sd  the  tissues  to  noxious  stimuli:  in  other  words,  tlie}^ 
may  hr  part  of  tlie  (iflnptafion  siDidfoiK^  iSelje). 

Suppuration.  Abscesses  in  the  spleen  are  not  very  common  ; 
they  are  usually  fairly  large,  and  of  the  type  of  septic  infarcts. 
They  oceiir  in  such  conditions  as  acute  bacterial  endocarditis,  pysemia, 
etc.,  and  are  sometimes  secondary  to  abscesses  in  the  lungs  ;  the}-  are 
usually  accompanied  by  considerable  enlargement  of  the  organ. 
The  suppmratiTe  process  starts  at  the  margin  of  the  infarcted  areas 
and  extends  through  their  substance  ;  occasionally  they  have  a 
gangrenous  character,  the  pus  being  foul-smelling.  An  abscess 
involving  the  capsule,  as  it  usually  does,  is  associated  with  peri¬ 
splenitis,  and  this  may  give  rise  to  perisplenic  abscess.  ^Eiiute 
abscesses,  such  as  are  common  in  the  kidneys,  are  very  rare  in  the 
spleen.  In  general  infections  due  to  staphylococci  and  streptococci 
the  organisms  accumulate  in  the  pulp  of  the  spleen,  and  many  are 
destroyed.  They  seem  to  have  little  power  of  producing  actual 
suppuration,  unless  they  are  contained  in  emboli  which  give  them  a 
foothold.  By  the  action  of  their  toxins  on  the  splenic  reticulum 
a  certain  amount  of  softening  may  be  produced,  as  described 
above. 

I.  BACTEBiAii  Infections,  (6)  Chronic 

Tuberculosis.  In  tuberculous  affections  bacilli  are  often  carried 
by  the  blood  to  the  spleen,  and  its  tissue  seems  relatively  susceptible 
to  their  action ;  accordingly,  tubercles  in  this  organ  are  of  com¬ 
paratively  common  occurrence.  In  acute  miliary  tuberculosis  the 
tubercles  are  specially  numerous  in  the  spleen.  They  generally 
appear  as  minute  grey  points  of  about  the  size  of  Malpighian  bodies, 
though  sometimes  they  are  larger  and  of  yellowish  tint.  When  they 
are  minute  it  is  sometimes  difficult  to  distinguish  them  from  Malpighian 
bodies,  but  if  the  light  is  allowed  to  fall  obliquely  on  the  cut  surface 
the  tubercles  can  usually  be  seen  to  project  somewhat  from  it.  In 
cMldren  the  spleen  is  occasionally  studded  with  yellowish  tubercles 
of  about  the  size  of  small  peas — a  condition  of  subacute  tuberculosis 
(Fig.  318).  But  apart  from  general  infection  it  is  not  uncommon 
to  find  in  cases  of  phthisis,  tuberculosis  of  bone,  etc.,  a  few  tubercles 
in  the  spleen.  These  are  of  varying  size,  and  occasionally  larger 
nodules  or  collections  of  nodules  may  be  present — conglomerate 
tubercle.  Further,  there  occur  cases, where  the  spleen  is  greatly 
enlarged  and  contains  colections  of  tubercles  and  caseous  masses 
which  are  sometimes  associated  with  pale  infarcts,  apparently,  the 
result  of  obliteration  of  arterial  branches  ;  in  such  conditions  the  cut 
surface  pre^nts  a  very  variegated  appearance. ,  A  rare  type  of  spleno- 
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megaly  with  giant  cells  and  follicles  reseinbliiig  tiibencles  is  described 
ill  coimectioii  with  splenic  anaemia  (p.  531). 


Fig.  3 is. — Subacute  tuberculosis  of  spleen  of  child,  showing  ninnerous  and 
fairly  large  caseous  nodules.  X  j. 

SypMlis.  Syphilitic  lesions  in  the  spleen  are  somewhat  nn- 
common  and  difficult  to  distinguish.  In  congenital  sj^hilis  the  spleen 
is  often  swollen  and  contains  numerous  spirochsstes,  and  thickening 
of  the  stroma  or  diffuse  fibrosis  may  result ;  miliary  gummata  have 
been  described,  but  they  are  very  rare.  In  tertiary  syphilis  in  the 
adult,  gummata  may  occur,  but  are  distinctly  rare.  They  are  some¬ 
times  wedge-shaped  and  may  be  like  pale  infarcts  in  appear¬ 
ance.  Amyloid  disease  of  the  spleen  is  not  infreciuentlj  produced 
by  s}"philis,  and  is  then  usually  of  the  di.ffase 

II.  Pbotozoal  Infections 

The  outstanding  examples  of  splenic  enlargement'  due  to  these 
infections  are  seen  in  malarial  fever  and  .in  kala-azar.  In  mal-arial 
f6V€-T  swelling  of  the  spleen  occurs  with  eac.h  attack  of  pyrexia,  and 
is  to  be  regarded,  as  in  the  case  of  bacterial  .infections,  as  an  acute 
congestion  due  to  the  accumulation  of  parasites  in  the  organ.  For 
a  Icmg  time  the  spleen  is  little  altered  in  appearance,  but  .thickening 
of  the  stroma  with  induration,  .may  ultimately  occur  and  hi  chronic 
cases  the  .organ  may  reach  a  large  size.  It  becomes  firm  in  consistence 
and  .may  have  a  browmish-grey  colour  owing  to  accumulation  of 
malarial  pigment — ^the  term  ‘  ague-cake  '  is  a'pplied  to  such  a  large 
indurated  spleen.  The  weig.ht  of  the  organ  may  reach  tvo  or  three 
pounds  (l,00Cb-l,50O  g.),  but  such  large  spleens  met  with  in  the  tropics 
are  not  so  often  due  to  malaria  as  was  formerly  supposed,  since  many 
are  the  result  of  the  more  recently  recognised  disease,  kala-azar. 

In  kah-azar  there  is  great  enlargement  of  the  spleen,  the  organ 
commonly  being  several  pounds  in  weight,  and  its  stroma  tends 
to  become  much  indurated.  There  is  great  increase  of  the  stroma, 
and  the  mes.hwork  of  the  pulp  is  largely  ^occupied  by  ccffiections  of 
macrophages  which  contain  the  parasites  known,  as  Leishman- 
Bonovan  '  bodies.  These  occur  also  in  the  bone-marrow  and  diagnosis 
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crJi  r^Lt'-ie  by  st^r-rnal  L-iirieture,  but  if  tins  fails,  spleiuc  piiiicture, 
a  la-av  bLana"':'r( 'L;>  yrtaeinre,  may  be  required.  Tiie  parasites  occur 
bi  ti:e  fniaii  Toiiiyled  or  ovai  bodies,  sonieiiiiies  of  cockle-shell 
sliape,  wblibi  measure  up  t»:i  3%)  y  in  diameter,  though  most  of  them 
are  smaller.  Each  eontaiiis  two  structures  composed  of  chromatin, 
the  caie  Ijeiiig  larger  and  some  what  rounded  in  form,  the  other  more 
iMxl-shaped.  These  two  structures  represent  the  macromicleus  and 
tlie  iiikTijiiiieleiiS  of  the  parasite  respectively,  as  is  shown  in  the 
further  deveiopmeiit  of  the  parasite  wMch  can  be  followed  in  culture 
media  cmtsicle  the  body. 

Splenic  Enlargement  in  Blood  Diseases,  etc. 

Several  of  these  have  already  been  described,  but  we  may 
recapitulate  some  of  the  chief  points,  especially  in  relation  to 
diagnosis.  Great  enlargement  is  met  with  in  the  foEowing  con¬ 
ditions,  viz.:  I  ft)  in  leiikaiiiia  :  (b)  in  Hodgkin's  disease;  (c)  in 
polycytiiamiia  :  {d}  in  splenic  anaemia  and  acholuric  jaundice  ;  and 
p  I  ill  myelcqilithisis  with  myeloid  transformation. 

In  leukemia  the  most  marked  enlargement  occurs  in  chronic 
cases,  espedaEy  in  the  myeloid  though  also  in  the  lymphatic  type, 
and  the  spleen  may  form  a  huge  palpable  mass.  The  condition  of 
the  Mood  will  establish  the  diagnosis  if  leuksemia  is  present  (p.  507). 
In  pseudo -leukemia  the  splenic  enlargement  is  associated  with 
enlargement  of  the  lymph  nodes,  whEe  the  leucocyte  count  may  be 
normal  or  there  may  be^a  relative  Ijnnphocytosis.  At  a  later  period, 
however,  the  Hood  changes  of  lymphatic  leuksemia  may  develop.  The 
condition  of  the  spleen  is  usually  the  same  as  in  Hniphatic  leuk¬ 
emia,  though  the  enlargement  is  rarely  very  great.  In  some  cases, 
however,  the  enlargement  is  due  to  a  great  hyperplasia  of  the 
Malpighian  bodies,  which  form  smaE  rounded  nodules.  Some  cases 
formerly  classified  as  pseudo -leuksemia  belong  to  the  group  now 
classed  as  giant  foEicular  lymphoblastoma  (lymphoid  foEicular 
reticiEosis). 

Ill  Hodgkin’s  disease  the  size  of  the  spleen  varies  gieatly.  In 
some  cases  it  is  hardly  enlarged,  in  the  majority  it  is  moderately  so, 
whilst,  again,  in  a  few  the  enlargement  may  be  considerable  (p.  541). 
It  is  associated  with  eiEargement  of  lymph  nodes,  and  the  condition 
of  the  ■  leiicocyiies  may  be  practicaEy  normal,  or  some  leucocydosis 
may  be  present.  In  earH  cases  only^  microscopic  examination  of 
lymph  nodes  can  supply^  a  diagnosis. 

In  splenom^alic  polycytliaemia  the  degree  of  enlargement 

varies  considerably^ ;  it  may'  be  comparatively'  slight,  but  .it  may  be 
very  market!  and  the  organ  may'  form  a  large  firm  mass  easily  palpable 
during  life.  The  change  consists  in  a  packing  of  the  jiulp  with  red 
corpuscles  and  appears  to  represent  an  attempt  to  deal  with  the  excess 
of  corpuscles  in  the  circulation,  the  spleen  acting  as  a  reservoir.  There 
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appears  to  be  little  evidence  of  blood  formation  in  the  organ.  Examina¬ 
tion  of  the  blood  will,  of  course,  reveal  the  nature  of  the  condition. 

(p.  olo). 

./  The  Spleen  in  Splenic  Anamia.  The  group  of  anaemic  condi¬ 
tions  associated  with  splenic  enlargements  is  badly  defined  and 
imperfectly  understood ;  and  the  etiology  (apart  from  malarial 
and  kala-azar  cases)  is  largely  unknown.  The  term  ^  Bantiis  disease  ’ 
is  sometimes  used  as  synonymous  with  splenic  anaemia,  but  in  the 
condition  described  by  him  the  anaemia  and  splenomegaly  are 
associated  with  cirrhosis  of  the  liver  of  the  atrophic  type.  According 
to  Banti’s  description  the  cirrhosis  is  the  last  phenomenon  to 
appear,  and  leads  to  symptoms  of  portal  obstruction.  It  fe  generally 
agreed  now  that  splenic  anaemia  is  an  an»mia  associated  with 
hepatolienal  fibrosis,  the  spleen  and  liver  being  affected  in  varying 
degree.  Banti’s  disease  is  merely  a  syndrome  of  the  condition.  The 
anemia  is  of  the  hvpochromio  t3T)e,  usually  attended  by  leucopenia 

(p-  499).  ‘  .  u  V, 

In  spIcTiic  o/fisBw^ici  the  spleen  may'  reach  a  great  size,  though 

its  weight  is  not  often  over  three  pounds  (1,500  g.).  The  capsule 
is  often  thickened  and  adhesions  are  not  uncommon.  In  some  cases 
the  organ  contains  a  relatively  large  amount  of  blood,  which,  from  a 
spleen'excised  during  life,  readily  flows  out,  leaving  the  organ  somewhat 
collapsed.  In  most  instances,  however,  especially  those  of  longer 
standing,  the  consistence  is  firm  and  may  even  be  tough,  and  the 
colour  is  a  moderatelv  dark  red.  The  Malpighian  bodies  are  as  a  rule 
fibrotic  and  iU-defined,  but  may  be  quite  distinct.  In  a  considerable 
proportion  of  cases  in  children  as  well  as  in  adults,  siderotic  nodules, 
the  so-called  Ganma-Gandy  bodies,  are  present.  These  are  of  the 
size  of  pin-heads  or  much  larger,  and  somewhat  irregular  in  form ; 
they  often  show  a  yellowish  centre  surrounded  by  a  brown  zone. 
Microscopic  examination  shows  usually  a  considerable  amount  of 
fibrosis  of  the  spleen.  This  is  speciaUy  related  to  the  smaU  arteries, 
extending  from  them  into  the  surrounding  pulp  ;  it  is  often  marked 
around  the  Malpighian  bodies  which  may  be  largely  fibrotic.  There 
is  also  sclerotic  thickening  of  the  walls  of  arteries.  The  sinuses  are 
usuaUy  dilated  and  there  is  often  a  general  thickening  of  the  reticulum 
of  their  walls  or  even  fibrosis  (Eig.  319)  with  atrophy  of  the  cellular 
tissue  of  the  spleen  pulp.  The  toughened  splenic  substance  thus 
consists  mainly  of  dilated  sinusoids  with  thickened  walls  and  surround¬ 
ing  reticular  fibrosis.  Haemorrhages  around  the  snail  arteries  are 
common  and  all  transitions  between  these  and  the  siderotic  nodules 
may  be  present.  The  latter  contain  much  granular  h8em<Miderin  and 
also  jointed  veUowish  filaments  which  give  an  iron  reaction— appar¬ 
ently  deposit  of  iron-containing  material  around  fibres.  The  den.se 
connective  tissue  around  may  give  a  diffuse  iron  reaction.  These 
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Fig.  319. — Spleen  in  splenic  ansemia, 
tfhowins  general  increase  of  retieu- 
lum  in  ptilp.  A  Malpighian  body  in 
held  is  unaffected.  (A.  C.  L.)  X  80. 


31cXee  regards  them  as  htemorrhages  around  eUipsoids  as 
•I  result  of  backward  pressure,  these  structures  having  a  valve-like 

action  and  thus  being  specially  exposed  to  the  pressure. 

The  waUs  of  the  dilated  splenic  and  portal  vems  are  often  thickened 

and  may  be  the  seat  of  atheroma¬ 
like  plaques  ;  in  a  considerable 
number  of  cases  thrombosis  has 
been  present.  This  may  actually 
be  the  cause  of  enlargement  of 
the  spleen  in  some  cases  con¬ 
sidered  to  be  splenic  ansemia, 
but  often  there  is  no  thrombosis, 
and  this  explanation  cannot  be 
generally  apphed.  The  bone- 
marrow  in  splenic  ansemia  shows 
often  marked  normoblastic  h^qDer- 
plasia.  Hemorrhage  from  the 
stomach  is  a  characteristic  feature, 
and  results  from  portal  con¬ 
gestion,  often  clearly  indicated  by 
varices  at  the  lower  end  of  the 
oesophagus. 

The  various  changes  in  the 
spleen,  hemorrhages,  etc.,  and 
the  frequent  bleeding  from  the  stomach  indicate  that  there  is  increased 
pressure  in  the  portal  circulation.  This  might  result  from  cirrhosis 
or  hepatitis  when  present,  and  in  cases  where  they  are  absent  it 
has  been  ascribed  to  narrowing  of  the  branches  of  the  portal  vein 
or  even  to  a  supposed  contraction  of  the  branches.  The  view  that 
the  condition  is  essentially  due  to  chronic  portal  congestion  has 
recently  gained  ground  and^  Mcffichael  has  emphasised  the  frequency 
of  inflammatory  and  cirrhotic  lesions  in  the  liver.  The  results  of 
operations  which  bring  about  a  portal- caval  shunt  rather  support  the 
suggestion  that  portal  congestion  is  an  important  causal  factor.  One 
would  expect  on  this  hypothesis  that  the  Banti  syndrome  would 
invariably  accompany  hepatic  cirrhosis,  but  in  our  experience  this  is 
not  so,  and  the  etiology  of  the  condition  cannot  be  regarded  as  settled. 
While  the  ansemia  is  greatly  exaggerated  by  the  attacks  of  hsematemesis, 
its  underlying  cause  is  not  clearly  understood  though  perhaps  the 
abnormal  spleen  produces  an  injurious  effect  on  blood  formation. 
The  blood  picture  is  described  on  p.  499.  The  condition  of  the  platelets 
in  relation  to  splenectomy  has  been  referred  to  on  p.  500. 

The  Spleen  in  Acholuric  Jaundice.  Splenic  enlargement  in 
this  disease  is  usually  marked  but  not  excessive,  the  weight  rarely 
exceeding  1,500  g.  (three  pounds).  The  changes  in  the  spleen  and 
the  other  features  of  the  disease  have  already  been  described  in  con¬ 
nection  with  diseases  of  the  blood  (p.  479). 
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Still  anotliei*  type  of  lesion  is  sometimes  found  in  cases  diagnosed  as  splenic 
anaemia,  and  this  may  be  provisionally  called  the  ‘  tubercular  type.’  The 
gi'eatly  enlarged  spleen  may  be  studded  with  nodules  and  masses  of  yellowish 
tissue,  or,  as  in  a  spleen  recently  excised  which  I  examhied,  with  groups  of 
grey  tubercle-like  nodules  not  larger  than  millet  seeds,  uniformly  disposed 
througliout  the  organ.  In  such  cases  the  histological  picture  is  like  that  of 
tuberculosis  with  well-formed  giant-cell  systems,  endothelioid  cells,  etc.  ;  usually 
there  is  little  or  no  caseation.  The  giant-cells  often  contain  curious  steUate 
inclusions  or  laminated  calcareous  bodies.  Tubercle  bacilli  have  never  been 
found  in  these  cases  ;  accordingly  it  is  improbable  that  the  condition  is  really 
tuberculous,  but  it  may  be  a  manifestation  of  sarcoidosis. 

Splenomegaly  with  Myeloid  Transformation.  Great  enlargement  of 
the  spleen  occurs  as  a  compensatory  reaction  when  tliei  bone-marrow  is  extensively 
destroyed  by  fibrosis,  osteosclerosis,  or  by  secondary  carcinoma,  especially  of 
the  prostate.  The  increase  is  due  to  the  development  of  myeloid  tissue  in  the 
spleen  i)ulp,  all  the  elements  of  marrow  being  represented.  In  some  cases 
megakaryocytes  are  present  in  marked  excess.  The  spleen  may  reach  a  huge 
size— e.g.  2,500  g.  (Tudhope) — as  it  contains  all  the  remaining  blood-formative 
tissue.  The  organ  is  of  deep  red  or  pinkish  red  colour  but  sometimes  there  are 
discrete  somewhat  firm  red  nodules  (1  cm.  in  diameter)  in  which  the  myeloid 
tissue  is  more  abundant.  The  Malpighian  bodies  are  indistinct,  infarcts  are 
usually  absent  and  as  a  rule  there  are  no  adhesions.  Splenectomy  is  absolutely 
contra-indicated.  The  blood  commonly  contains  numerous  primitive  cells  of 
both  the  red  and  white  series,  suggesting  that  the  extramedullary  hsemopoietic 
foci  fail  to  control  efficiently  the  entry  of  new  cells  into  the  circulation.  This 
gives  rise  to  the  condition  known  as  leuko -erythroblastosis  (p.  502). 

Splenomegaly  with  Persistent  Leukopenia.  A  few  cases  have  been 
recorded  of  persistent  reduction  in  the  number  of  circulating  granular  leucocytes 
without  a  noteworthy  degree  of  anaemia  or  thrombocytopenia  and  with  a  normal 
bone-marrow  picture.  There  is  marked  splenomegaly  (1,000—3,000  g.)  and 
splenectomy  is  said  to  be  curative.  A  conspicuous  feature  of  the  excised  spleen 
is  the  marked  phagocytosis  of  leucocytes  in  the  spleen  pulp  by  large  macrophages. 

Splenic  Enlargement  due  to  Lipoid  Storage 

It  has  already  been  mentioned  (p.  294)  that  feeding  animals  with 
cholesterol  in  oil  results  in  the  deposition  of  cholesterol  fat  in  the 
intima  of  arteries  and  storage  in  the  reticulo -endothelial  system.  A 
similar  storage  of  lipoids  occurs  in  human  disease  in  two  groups  of 
conditions. 

{a)  One  group  includes  certain  diseases  frequently  associated  with 
hypercholesterolaemia,  viz.  diabetes  and  obstructive  jaundice.  Marked 
deposit  of  lipoids  of  sufficient  degree  to  cause  enlargement  of  the 
spleen  occurs  only  occasionally,  but  a  considerable  number  of  cases 
have  been  recorded.  The  cells  of  the  red  pulp  become  enlarged  owmg 
to  the  lipoid  accumulation,  and  the  lipoids  may  he  in  globules  which 
react  variously  with  fat  stains,  or  in  a  masked  state  apparently  com¬ 
bined  with  protein.  Tor  example,  cholesterol  may  be  present  in  the 
spleen  in  increased  amount  without  doubly  refracting  esters  being 
detectable  in  the  cells.  Although  the  deposit  occurs  secondarily  to 
hypercholesteroloemia  it  is  not  possible  to  state  definitely  what  actually 
determines  the  large  amount  in  certain  cases. 

[b)  In  the  second  group  we  have  rare  diseases  often  of  familial  and 
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hereditary  nature,  such  as  those  of  the  Gaucher  and  Niemann  type, 
in  which  the  lipoid  storage  becomes  excessive  in  various  tissues  and 
the  enlargement  of  the  spleen  is  very  great.  It  is  usual  to  regard 
these  conditions  as  the  result  of  abnormal  lipoid  metabolism,  but  we 
know  nothing  of  the  essential  defect.  The  characters  of  the  lipoids 
vary  in  different  types. 

Gaucher' s  Disease.  This  disease  was  described  first  by  Gaucher  in  1882,  who 
regarded  it  as  a  type  of  new  growth  in  the  spleen,  a  view  which  has  since 
been  discarded.  The  number  of  recorded  cases  is  still  not  large,  but  the 
disease  is  not  the  rarity  it  was  supposed  to  be.  In  a  fairly  large  proportion 
of  cases  it  has  shown  a  familial  character,  two  or  more  members  of  the 
family  being  affected.  The  disease  is  met  with  both  in  adults  and  in  children, 
and  as  it  is  generally  of  very  chronic  character  it  probably  starts  in  early 
life.  The  enlargement  of  the  spleen  may  be  extreme  ;  in  the  adult  tlie  weight 
may  reach  ten  pounds  (5,000  g.),  while  in  a  young  child  it  may  be  a  sixth 

of  the  body  weight.  The  liver  also 


Fig.  320. — Section  of  spleen  in  Gaucher’s 
disease,  showing  the  characteristic  large 
cells  with  granular  protoplasm.  (Prof. 
E.  H.  Kettle.)  X  300. 


often  shows  a  varying  degree  of 
enlargement.  The  enlargement  of 
these  organs  is  due  to  collections  of 
large  cells  of  peculiar  appearance. 
The  cells  have  relatively  small  and 
sometimes  eccentric  nuclei  which 
stain  deeply ;  occasionally  there 
are  two  or  more  nuclei  in  one  cell. 
The  protoplasm  has  a  peculiar 
hyaline  or  reticulated  appeai’ance 
and  sometimes  contains  small 
vacuoles  (Fig.  320).  In  the  spleen 
the  cells  occur  especially  through¬ 
out  the  pulp,  though  also  within 
the  Malpighian  bodies,  and  they 
are  apparently  derived  from  the 
cells  of  the  reticulum,  the  vas¬ 
cular  endothelium  being  little 
changed  (Fig.  321).  In  the  liver 
they  are  derived  from  Kupll'er 
cells  and  are  most  abundant  in 


the  centres  of  the  lobules  ;  replace¬ 
ment  by  connective  tissue  may  occur  and  a  certain  amount  of  cirrhosis  result. 
Similar  collections  of  cells  are  often  present  in  the  lymph  nodes,  especially  those 
in  the  abdomen  and  thorax,  and  also  in  the  bone-marrow,  in  which  they  may 


be  detected  by  sternal  puncture.  In  the  last-mentioned  situation  they  may 
cause  absorption  of  bone  and  spontaneous  fracture,  this  sometimes  being  the 
first  clinical  sign.  In  older  cases  Gaucher  cells  may  accumulate  in  the  skin 


and  conjunctiv00,  causing  wedge-shaped  yellowish  brown  patches  known  in  tlie 
latter  situation  as  pingueculse. 


The  essential  feature  of  the  disease  is  an  infiltra-tion  of  cells  of  the  reticulo¬ 


endothelial  system  with  lipoid  material,  with  subsequent  hyperplasia  of  these 
cells.  The  cells  do  not  contain  ordinary  neutral  fats  ;  they  give  a  varying  and 
imperfect  reaction  with  stains  for  lipoids.  It  is  now  generally  accepted  that 
the  substance  stored  in  cells  in  Gaucher’s  disease  is  kerasin,  a  cerebroside. 

Niemann's  disease.  This  affection,  also  known  as  Niemann-Fick’s  disease, 
is  another  example  of  abnormal  lipoid  storage  ;  though  closely  allied  to  Gaucher’s 
disease  it  is  regarded  as  distinct  from  it.  It  is  a  very  rare  condition  met  with 
in  the  first  two  years  of  life  and  is  soon  fatal  as  a  rule.  The  storage  of  the  lipoid 
is  very  extensive,  occurring  in  the  intestinal  mucosa,  adrenals,  lungs,  pancreas, 
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etc.,  as  well  as  in  the  liver  and  spleen,  and  there  is  also  an  accumulation  in 
the  histiocytes  of  the  ordinary  connective  tissues.  The  lipoid  stains  more 
readily  with  fat  stains  than  in  Gaucher’s  disease  and  there  is  no  doubt  that  it 
is  of  different  nature ;  it  is  believed  to  be  a  phosphatide. 


Collections  of  the  large  pale  Gaucher  cells  are  seen  scatteed  in  the  pulp  and  a  few  are 
being  formed  in  the  germ  centre  of  a  Malpighian  body.  (J.  W.  b.  n.)  x  90. 


Schuller -Ghristian's  disease  is  another  example  of  abnormal-  lipoid  storage  ; 
it  also  occurs  in  the  early  years  of  life  and  the  lipoid  concerned  has  been  found 
to  be  mainly  cholesterol  ester.  The  ajffection  is  not  infrequently  accompanied 
by  xanthomatosis  of  bones.  There  may  be  a  relationship  between  this  condition 
and  eosinoplhlio  granixloma  of  bone,  and  also  with  non-liiDoid  histiocytosis 
(Letterer-Siwe  disease). 


Other  Causes  of  Enlargement 

Passive  Hypersemia.  A  distinction  should  be  made  between 
this  condition  as  occurring  in  general  venous  congestion  and  that 
produced  by  portal  obstruction,  since  the  changes  differ  considerably 
in  the  two  cases.  The  changes  in  the  former  type,  as  met  with  in 
chronic  heart  or  lung  disease,  are  described  on  p.  12.  In  cases  of 
passive  congestion  affecting  the  portal  circulation,  as  occuis  in  cirrhosis 
of  the  liver,  the  condition  is  somewhat  different.  The  enlargement 
is  much  greater  than  in  the  previous  form,  the  spleen  being  often 
consideraibly  more  than  500  g.  (1  lb.)  in  weight,  whilst  the  consistence  is 
often  not  increased.  The  organ  on  section  has  usually  the  ordinary 
colour  or  may  be  somewhat  paler,  and  the  pulp  is  in  a  condition  of 
general  hyperplasia  with  increase  of  cellular  content,  and  may  be 
even  somewhat  softened  ;  the  Malpighian  bodies  are  usually  indistinct. 
In  fact,  although  chronic  congestion  is  present,  the  appearance  rather 
resembles  that  met  with  in  chronic  infective  or  toxic  conditions,  and 
it  is  not  identical  with  that  in  Banti’s  hepato-lienal  fibrosis  in  every 
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case.  Tlie  whole  question  of  the  relation  of  splenic  enlargements 
to  cirrhosis  of  the  liver  is  very  obscure  ;  accordingly  it  is  premature 
to  regard  the  splenomegaly  of  hepato-Henal  fibrosis  merely  as  chronic 
congestive  splenomegaly.  (See  also  splenic  ansemia,  p.  529.) 

Chronic  passive  hypersemia  may  be  produced  also  by  pressure  of 
tumours  on  the  splenic  vein,  and  actual  obstruction  of  the  vein, 
as  sometimes  happens,  leads  to  intense  engorgement  of  the  spleen. 
The  organ  then  often  becomes  the  seat  of  multiple  infarct-like 
hsemorrhages,  and  its  size  may  be  greatly  increased. 

Amyloid  Disease.  As  already  stated,  this  degeneration  occurs 
in  two  main  types,  the  sago  and  the  diffuse  form,  and  is,  of  course, 
met  with  in  the  conditions  which  cause  general  amyloid  disease 
(pp.  149,  527).  In  the  former  type  the  enlargement  of  the  spleen  is  not 
great,  and  the  chief  change  is  that  the  Malpighian  bodies  are  swollen 
and  stand  out  against  the  pulp  as  round  structures  of  homogeneous 
and  somewhat  translucent  appearance  and  of  reddish-brown  colour. 
The  amyloid  change  affects  the  capillaries  and  the  delicate  reticulum 
of  the  Malpighian  bodies,  the  lymphoid  cells  being  displaced  by  the 
material;  ultimately  the  Malpighian  bodies  may  be  changed  into 
almost  homogeneous  masses.  The  small  arteries  also  are  affected, 
though  sometimes  the  central  artery  of  the  Malpighian  body  and  a 
small  zone  of  lymphoid  tissue  around  it  escape. 

In  the  diffuse  form  the  enlargement  is  much  greater  and  the 
weight  of  the  organ  may  reach  1,000  g.  (two  pounds)  or  even  more. 
The  increase  is  especially  in  thickness,  and  the  organ  becomes  much 
firmer  so  that  it  can  be  readily  palpated  during  life.  The  cut  surface 
shows  an  almost  uniform  glancing  appearance,  which  has  been  aptly 
compared  to  that  of  smoked  bacon ;  the  trabecula  are  somewhat 
thickened  and  prominent,  but  the  Malpighian  bodies  are  often  indis¬ 
tinguishable.  In  this  type  the  amyloid  change  occurs  throughout  the 
pulp  affecting  the  reticulum,  and  the  walls  of  the  sinuses,  which  are 
often  considerably  widened ;  the  endothelial  cells  lining  the  sinuses 
can  be  clearly  seen  to  be  unaffected.  The  arteries  are  often  extensively 
involved,  and  sometimes  also  the  periphery  of  the  Malpighian  bodies. 
The  two  types  of  amyloid  disease  occur  as  fairly  distinct  aff'ections  ; 
it  is  not  possible  to  say  why  this  should  be  the  case,  but  we  have 
rarely  observed  the  diffuse  form  apart  from  tertiary  syphilis. 

Tumours 

Both  primary  and  secondary  growths  in  the  spleen  are  very 
uncommon.  Simple  tumours  such  as  fibroma,  myoma,  haemangioma, 
and  lymphangioma  have  been  described,  but  all  are  rarities.  Cysts 
of  the  spleen  are  occasionally  met  with.  They  are  usually  small  and 
multiple,  though  one  may  reach  a  large  size  and  form  a  fluctuating 
swelling  on  the  surface.  The  contents  are  a  clear  serous  fluid,  but 
there  may  be  an  admixture  of  altered  blood.  They  are  regarded  as 
usually  of  lymphangiomatous  origin. 
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Priinary  sarcoma  and  lymphosarcoma  have  been  met  with. 
Occasionally  the  lymphoid  tissue  is  the  seat  of  growth  and  there 
may  be  general  enlargement  of  the  Malpighian  bodies  whicli  form 
nodules  leading  to  great  enlargement  of  the  organ.  The  cells  concerned 
may  be  of  the  lymphocyte  class  or  of  the  reticulum  type.  The  growths 
correspond  with  reticuloses  or  reticulo-sarcomata  (p.  255). 

Secondary  growths  occur  more  frequently  in  sarcoma  than  in  cancer, 
but  even  in  the  former  they  are  much  rarer  than  one  would  expect. 
Secondary  growths  of  cancer  occasionally  occur,  but  their  rarity  is  a 
striking  feature.  This  fact  has  already  been  considered  (p.  236). 
Melanotic  growths  are  occasionally  met  with.  The  contrast  between 
the  spleen  and  the  bone-marrow  as  regards  the  occurrence  of  secondary 
growths  is  very  noteworthy. 

LYMPH  NODES 

In  relation  to  pathological  processes,  it  is  important  to  bear  in 
mind  that  the  lymph  nodes  consist  essentially  of  two  parts,  viz.  the 
lymphoid  tissue  proper  with  its  follicles,  and  the  lymph  sinuses  and 
paths.  The  former  has  a  formative  function,  being  concerned  in  the 
production  of  lymphocytes  ;  while  the  latter  are  specially  concerned 
ill  the  destruction  of  organisms  or  damaged  cells  carried  from  the 
tissues,  as  the  relatively  slow  lym|)h  flow  gives  favourable  opportunity 
for  phagocytic  action.  In  fact,  the  sinus  system  has  much  the  same 
relation  to  the  lymph  stream  as  the  splenic  pulp  has  to  the  blood 
stream.  The  cells  of  the  adenoid  reticulum  react  in  the  same  way 
as  the  endothelial  cells  of  the  lymph  sinuses  and  paths  ;  both  belong 
to  the  reticulo-endothelial  system  and,  in  addition  to  being  the  source 
of  active  phagocytes,  exhibit  in  high  degree  the  storage  capacity  of 
that  system  towards  various  dyes  and  other  substances  present  in 
solution.  It  is  to  be  noted  that  the  germ  centres  are  largest  and  most 
active  in  the  early  years  of  life  ;  later  they  are  less  in  evidence,  whilst 
in  old  age  there  is  marked  atrophy  of  the  whole  tissue  of  the  nodes. 

Lymphadenitis.  If  a  node  in  relation  to  an  inflamed  area 
be  examined,  polymorpho-nuclear  leucocytes  may  be  found  in  the 
sinuses,  these  cells  having  reached  the  node  by  the  lymphatics, 
and  often  with  them  some  of  the  invading  organisms  may  be  present. 
The  latter  may  be  destroyed  m  situ  'by  the  leucocytes,  and  these 
in  their  turn  are  then  taken  up  and  destroyed  by  endothelial  cells, 
which  have  become  free  and  spherical  in  form  and  act  as  macro¬ 
phages.  If  the  infection  is  rather  more  severe,  then  vascular  reaction 
occurs.  The  vessels  become  congested  and  leucocytes  emigrate  from 
them,  overrun  the  substance  of  the  lymph  node,  and  engage  in  the 
destruction  of  the  organisms.  Such  is  the  condition  when,  for  example, 
in  relation  to  an  infected  wound  of  the  hand,  the  axillary  glands  are 
swollen  and  somewhat  painful.  The  inflammatory  reaction  corres¬ 
ponds  with  that  seen  in  other  tissues,  and  the  lymphocytes  appear  to 
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play  essentially  a  passive  part.  The  organisms  are  often  destroyed 
by  the  leucocytes  and  the  inflammation  then  resolves.  They  may, 
however,  get  the  mastery  and  continue  to  multiply  ;  tire  leucocytic 
emigration  continues,  the  tissue  of  the  node  gradually  softens,  and 
suiDpuration  results.  This  may  be  attended  by  inflammation  of  the 
surrounding  tissue  and  in  it  also  suppuration  may  follow.  Sucii 
changes  are  met  with  in  infected  wounds  of  various  kinds  and  are 
usually  caused  by  streptococci,  sometimes  by  staphylococci.  Suppm-a- 
tion  in  the  inguinal  lymph  nodes  is  a  conspicuous  feature  in  lympho- 
pathia  venereum  (p.  101).  In  plague,  there  is  a  severe  inflaTumation 
with  infiltration  of  polymorpho-nuclears,  brought  about  by  the  bacilli 
which  are  present  in  enormous  numbers  ;  this  is  attended  by  much 
hsemorrhage  and  oedema  in  the  glands  and  in  the  tissue  between  them, 
and  there  is  often  considerable  necrosis  of  the  substance  of  the  glands. 
The  so-called  bubo  is  simply  an  inflammatory  mass  consisting  botli 
of  glands  and  the  tissue  around  them.  In  anthrax  the  lesion  is  mainly 
an  inflammatory  oedema  with  a  varying  amount  of  luemorrhage. 

In  typhoid  fever  there  occurs  a  remarkable  proliferation  of  the 
endothelial  cells  along  the  lymph  sinuses  and  paths,  which  become 
distended  with  such  cells,  many  of  which  contain  cellular  remains 
(Fig.  322  and  p.  592).  The  cells  of  the  reticulum  react  in  a  similar 
way  and  there  is  also  an  emigration  of  monocytes  from  the  blood. 
Necrosis  and  autolytic  softening  may  follow,  but  there  is  practically 
no  reaction  on  the  part  of  the  polymorpho-nuclear  leucocytes.  If  the 
necrosis  is  extensive,  the  dead  tissue  becomes  inspissated  and  encap¬ 
sulated.  In  the  course  of  the  resolution  of  lobar  pneumonia,  the 
bronchial  lymphatic  nodes  are  active  in  disposing  of  the  cells  and  their 
derivatives  carried  from  the  lungs  (p.  408). 

When  a  mild  irritant  acts  on  a  lymph  node  for  some  time, 
endothelial  proliferation  is  often  markedly  in  evidence,  constituting 
what  may  be  called  a  catarrh  of  the  sinuses.  Such  a  condition  is  often 
seen  in  the  axillary  nodes  in  chronic  diseases  of  the  breast,  and  must 
not  be  mistaken  for  secondary  cancer.  Lymph  nodes  draining  a 
focus  of  chronic  infection  commonly  show  enlargement  of  the  cortical 
lymph  follicles  with  increase  of  the  germinal  centres.  These  changes, 
together  with  catarrh  of  the  sinuses,  constitute  reactive  h/yperplasia 
of  the  lymph  nodes.  Chronic  irritation  in  course  of  time  leads  to  a 
thickening  of  the  stroma  ;  sinuses  become  obliterated,  and  ultimately 
there  may  be  marked  fibrosis  with  atrophy  of  the  lymphoid  tissue. 

The  phagocytic  action  of  the  cells  of  lymphatic  glands  is  well 
illustrated  also  in  conditions  of  pigmentary  infiltrations.  Pigments 
of  various  kinds,  carried  to  the  nodes,  are  taken  up  by  endothelial 
phagocytes  of  the  sinuses,  and  afterwards  by  the  cells  of  the  reticulum, 
in  which  they  may  persist  for  an  indefinite  period  of  time,  as  is  seen 
in  tattooing.  Here  also  the  lymphocytes  take  no  part  in  the  process. 
The  lymph  nodes  draining  the  affected  areas  in  certain  skin  diseases 
show  marked  accumulation  and  phagocytosis  of  melanin  and  of 
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fat — so-called  lipo-melanic  reticulosis.  In  cases  of  anthracosis  carbon 
particles  are  dealt  with  in  a  similar  way  and  they  come  to  form  black 
masses  which  replace  the  lymphoid  tissue  ;  as  a  rule  there  is  compara¬ 
tively  little  thickening  of  the  stroma.  In  silicosis,  on  the  contrary, 
marked  fibrosis  results  from  the  irritation  caused  by  stone  particles, 
and  the  nodes  become  enlarged  and  indurated.  Where  there  has 
been  local  hamorrhage  an  accumulation  of  blood  pigment,  especially 
of  hsemosiderin,  may  be  seen  in  the  related  lymph  nodes  ;  and 
a  remarkable  accumulation  of  heemosiderin  is  met  with  in  certain  of 
the  abdominal  nodes  in  hemochromatosis  (p.  161).  Sometimes  the 
amount  is  so  great  that  the  structure  is  quite  obscured  by  the 
masses  of  pigment,  and  we  have  found  that  the  iron  may  constitute 
more  than  10  per  cent,  of  the  dried  substance  of  the  nodes. 


Fig.  322.— -Section  of  lymph  node  in  typhoid  foyer,  showing  lymph  siims  packed 

with  macrophages,  some  of  which  contain  ingested  remains  of  cells  ;  lym¬ 
phoid  tissue  to  lower  right  of  field.  X  350. 

Glandular  fever  {infectiotis  mononucleosis).  This  disease,  which  is  apparently 
a  specific  virus  infection,  occurs  in  small  epidemics  and  affects  chiefiy  children 
and  young  subjects.  It  is  characterised  by  swelling  and  tenderness  of  lymph 
nodes,  fever  lasting  a  week  or  two  and  increase  of  non-granular  cells  in  the  blood. 
The  posterior  cervical  nodes  are  usually  those  first  affected,  but  other  groups 
may  be  involved  ;  some  degree  of  splenic  enlargement  is  not  uncommon  and 
rupture  may  follow  a  trivial  injury.  The  disease  is  rarely  fatal.  In  some 
eases  sore  throat  is  a  prominent  clinical  feature  and  may  be  attended  by  actual 
ulceration  of  the  mucosa  ;  this  is  Imown  as  the  anginos©  type  (monocytic  angina). 
In  others  there  is  severe  headache  and  a  skin  rash.  At  first  there  may  be  an 
ordinary  leucocytosis,  but  soon  tli©  characteristic  blood,  jjicture  appears,  namely, 
a  moderate  rise  in  the  leucocyte  count  with  a  liigii  proportion  (soiiiethnes  over 
50  per  cent.)  of  non-granular  cells.  These  cells  have  been  described  as  lym¬ 
phocytes,  abnormal  mononuclears  or  simply  as  mononuclears,  some  authorities 
regarding  them  as  abnormal  lymphocytes  (Wintrobe)  while  others  classify  them 
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as  monocytes  (Wliitby  and  Britton).  The  lymph  nodes  shoAV  a  general  liyper- 
plasia  with  increased  mitoses  of  lymphocytes,  swelling  of  endothelial  cells  and 
excess  of  lymphocytes  in  the  sinuses.  The  changes  described  point  to  the  con¬ 
dition  of  the  blood  being  the  result  of  increased  production  of  cells  in  the  lym¬ 
phoid  tissues.  During  or  after  infection  the  blood  develops  heterophil  agglutinins 
jfor  sheep’s  corpuscles  (Paul-Bunnell  test)  and  this  may  be  of  value  in  diagnosis. 
There  is  some  evidence  that  tlie  virus  of  glandular  fever  may  be  related  to  that 
causing  one  form  of  lymphocytic  chorio -meningitis  (Tidy). 

Chronic  Enlargement  of  Lymph  Nodes  occurs  in  a  variety 
of  conditions,  and  is,  of  course,  a  very  important  clinical  sign. 
At  one  end  of  the  series  may  be  placed  chronic  infections,  at  the 
other  end  tumours,  whilst  as  intermediate  conditions  there  are  certain 
systemic  diseases  of  lymphoid  tissue,  the  real  nature  of  which  is  un¬ 
known.  In  the  absence  of  knowledge  of  etiology  it  is  not  possible 
to  draw  sharp  distinctions,  but  we  may  conveniently  classify  the 
main  types  of  enlargement,  thus  : — 

(1)  Chronic  infections,  especially  tuberculosis,  sarcoidosis,  syphilis. 

(2)  Hodgkin’s  disease  (Lymphadenoma) ,  and  other  systematised 

affections  of  lymphoid  tissue. 

(3)  Leukaemia  and  pseudo-leukaemia. 

(4)  Tumour  growth,  primary  and  secondary. 

Local  glandular  enlargement  may,  of  course,  occur  secondarily  to 
an  inflammatory  condition  in  some  part — ^for  example,  enlargement 
of  the  cervical  nodes  in  septic  conditions  of  the  mouth  and  fauces  ; 
and  this  fact  must  be  kept  in  mind  in  the  investigation  of  any  case 
with  a  view  to  diagnosis.  So  also  in  relation  to  ulcerated  tumours, 
enlargement  of  the  lymph  nodes  may  be  of  inflammatory  nature  and 
not  necessarily  due  to  secondary  growth. 

(1)  Chronic  Infections 

(A)  Tuberculosis.  Tuberculous  disease  of  lymph  nodes  is  a 
very  common  lesion  and  may  produce  serious  effects.  The  affection 
appears  first  in  the  group  of  nodes  in  relation  to  the  site  of  entry 
of  the  bacilli ;  thus  the  cervical,  bronchial,  and  mesenteric  groups 
are  the  commonest  to  be  involved.  From  the  group  first  infected 
the  disease  may  spread  to  others.  Infection  of  the  bronchial  nodes 
is  nearly  always  due  to  lesions  in  the  lungs  ;  much  less  frequently 
due  to  spread  downwards  from  the  cervical  nodes.  The  tuberculous 
lesions,  which  may  be  either  of  slight  degree  or  extensive,  are  of  two 
main  types — ^the  commoner  one  being  of  caseating,  the  other  of 
proliferative  type. 

In  the  caseating  type  the  tubercles  become  conglomerate  and  then 
undergo  extensive  caseation,  and  so  the  process  spreads  till  ultimately 
the  whole  node  is  destroyed.  Glands  affected  in  this  way  undergo 
great  enlargement  and  form  large  irregular  masses  matted  together. 
We  have  already  referred  to  the  regular  occurrence  of  caseating 
tubercle  in  the  tracheo-bronchial  nodes  in  relation  to  the  pulmonary 
lesions  in  children  and  its  absence  in  the  chronic  phthisis  of  the  adult 
(p.  436).  Such  a  caseous  lesion,  formerly  known  as  scrofulay  is  common 


LYMPH  NODES  539 

in  the  cervical  nodes.  They  may  become  adherent  to  the  skin  and 
lead  to  ulceration,  with  discharge  of  the  softened  caseous  material, 
and  then  infection  with  pyogenic  organisms  may  occur.  Small 
sinuses  thus  formed  may  go  on  discharging  for  a  long  time  ;  they 
may  heal  up  and  break  down  again,  and  the  irregular  cicatrices 
resulting  may  give  rise  to  considerable  disfigurement.  Such  results 
are  now,  however,  usually  avoided  by  operation.  Commonly  the 
disease  becomes  quiescent ;  the  caseous  material  undergoes  calcifica¬ 
tion,  whilst  great  thickening  of  the  surrounding  capsule  occurs.  In 
children,  tuberculosis  of  the  mesenteric  glands,  the  result  of  infection 


Fig.  323.— Lymph  nodes  in  sarcoidosis. 

Note  the  follicles  without  giant-cells  and  without  caseation.  X  75. 


from  the  bowel,  may  give  rise  to  great  swelling  and  diffuse  caseation, 
the  condition  being  known  as  tabes  mesenterica.  It  is  not  uncommon 
to  find  at  post-mortem  examinations  on  adults  the  lower  mesenteric 
nodes  transformed  into  hard  cretaceous  masses,  which  represent  a 
healed  tuberculosis  of  intestinal  origin. 

In  t]i&  foTMativB  or  pTolifefative  type  of  tuberculosis  there  is  en¬ 
largement  of  lymph  nodes  with  little  or  no  caseation  and  a  variable 
amount  of  surrounding  fibrosis.  Undoubtedly  many  cases  formerly 
classified  in  this  group  are  now  diagnosed  as  examples  of  sarcoidosis 
(p.  99)  in  which  the  lymph  nodes  are  the  seat  of  the  most  conspicuous 
lesions.  The  affected  nodes  are  greatly  enlarged,  greyish  or  pinkish,  and 
the  condition  may  readily  he  mistaken  clinically  for  Hodgkin  s  disease. 
On  microscopic  examination  the  gland  substance  is  seen  to  be  largely 
replaced  by  a  comparatively  cellular  tissue  in  which  the  predominating 
cell  is  of  the  endothelial  type  (Fig.  323).  Giant-cell  systems  may 
or  may  not  he  prominent  and  there  is  no  caseation  though  a  little 
fibrinoid  necrosis  may  occur  in  the  centres  of  the  follicles.  Sometimes 
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the  giant-cells  contain  curious  stellate  bodies,  which  may  be  calcified. 
The  etiology  of  the  disease  is  unknown ;  tubercle  bacilli  have  not 
been  demonstrated  in  the  lesions  but  they  cannot  yet  be  completely 
exonerated.  Cases  of  sarcoidosis  fail  to  give  positive  skin  tests  to 
tuberculin,  which  in  itself  indicates  a  noteworthy  difference  from  the 
general  adult  population.  It  is  possible  that  the  changes  in  sarcoidosis 
may  result  from  a  peculiar  type  of  reactivity  in  the  individual. 
Sarcoidosis  might  thus  indicate  a  high  resistance  and  a  low  sensitivity 
to  the  tubercle  bacillus  resulting  in  a  proliferative  non-caseating  type 
of  lesion. 

(B)  Syphilis.  Enlargement  with  induration  of  the  regional  nodes 
in  relation  to  the  primary  sore  has  already  been  described,  and  the 
importance  of  lymphatic  spread  of  the  spirochsetes  has  been  emphasised 
(p.  94).  The  enlargement  gradually  subsides,  but  some  induration 
may  persist  for  a  considerable  time.  In  the  secondary  stage,  there  is 
often  general  enlargement  of  lymph  nodes,  though  the  epitrocldear 
nodes  and  those  of  the  posterior  triangle  are  specially  prone  to  be 
affected.  It  is  related  to  the  general  dissemination  of  the  spirochaites 
in  the  skin  lesions  and  is  often  attended  by  a  certain  amount  of 
pyrexia.  The  enlargement  is  moderate  or  slight,  and  gradually  passes 
off,  hut  some  nodes  may  remain  in  an  indurated  state.  In  tlie  tertiary 
stage,  localised  lesions  in  the  form  of  necrotic  inflammation  and 
gumma  are  sometimes  met  with.  Gumma  is  comparatively  rare,  but 
may  reach  a  considerable  size  ;  w^e  have  seen  one  of  about  the  size 
of  a  hen’s  egg.  The  lesion  tends  to  undergo  fibrosis  and  contraction 
rather  than  softening,  but,  if  incised,  fails  to  heal  and  a  persistent 
sinus  results  until  anti-syphilitic  treatment  is  instituted. 

/(2)  Hodgkin’s  Disease:  Lymphadenoma ^ 

This  affection  is  characterised  by  a  progressive  and  usually  painless 
enlargement  of  lymph  nodes  and  other  lymphoid  tissues  ;  there 
may  be  also  nodular  and  more  diffuse  formation  of  new  tissue  in 
various  organs.  It  is  usually  a  chronic  disease  lasting  two  or  three 
years  and  is  attended  by  anaamia  and  a  certain  degree  of  pyrexia  ; 
it  practically  always  leads' to  a  fatal  result.  In  some  cases  it  runs 
a  relatively  acute  course  of  a  few  months.  We  may  state  that  the 
description  now  given  by  writers  is  essentially  the  same  as  that  fitst 
given  by  Greenfield  in  Edinburgh  many  years  ago.  It  is  well  that 
this  fact  should  be  mentioned,  as  it  is  generally  overlooked  by  writers 
on  the  subject. 

Hodgkin’s  disease  usually  becomes  apparent  fii‘st  in  the  cervical 
nodes  and  spreads  to  other  groups,  but  in  a  fair  proportion  of  cases 
the  retroperitoneal  nodes  are  first  involved,  and  from  these  there  is 

^  The  eponymous  term  ‘  Hodgkin’s  disease  ’  is  preferable  to  the  alternative 
‘‘  lymphadenoma  ’  because  the  tissue  changes  cannot  properly  be  described  as 
an  ‘  adenoma  ’  of  lymphoid  tissue ;  none  of  the  other  synonyms  in  common 
use  or  recently  proposed  has  gained  general  acceptance. 
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extension  to  the  mesenteric  nodes,  inguinal  nodes,  etc.  (Fig*  324). 
It  is  said  to  begin  occasionally  within  the  thorax,  hut  such  an  occur¬ 
rence  is  less  common.  The  enlarged  nodes  Eih  aCTrst  moderately  soft 
and  succulent  and  of  uniform  greyish  or  pale  pink  colour,  hut,  as  the 
enlargement  progresses,  they  become  denser  in  consistence,  and  may 
come  to  form  large  masses  which  produce  important  results  by  pres¬ 
sure,  e.g.  on  the  trachea,  veins,  etc.  Ultimately  they  may  be  densely 
fibrosed,  and  may  show  yellowish  areas  due  to  necrosis,  but  there 

is  no  suppuration  and  no  real 
caseation ;  there  is  usually  little 
^  or  no  matting  of  the  glands. 


. . ^  y 

Fig.  S24. — Mass  of  retro -peritoneal  nodes 
from  a  case  of  Hodgkin’s  disease. 

The  aorta  is  seen  slit  up  from  behind  and  is 
surrounded  by  the  masses  of  enlarged  nodes,  x 


Fig.  325. — Section  of  spleen  in 
Hodgkin’s  disease,  showing  the 
characteristic  affection  of  Mal¬ 
pighian  bodies.  X  |. 


In  the  spleen  a  similar  change  extends  to  the  Malpighian  bodies. 
These  become  enlarged  and  changed  into  masses  of  tissue  of  whitish 
or  yellowish  colour,  which  are  of  various  shapes  and  scattered 
throughout  the  pulp  ;  thus  a  characteristic  appearance  is  produced, 
which  has  been  compared  to  portions  of  suet  in  a  German  sausage 
(Fig-  325).  The  affection  of  the  Malpighian  bodies  may  occur  through¬ 
out  the  spleen,  or  it  may  be  in  patches,  and  some  of  the  nodules 
may  reach  a  considerable  size.  There  is  also  a  general  hyperplasia  of 
the  pulp,  so  that  the  organ  as  a  whole  may  he  much  increased  in 
size,  the  weight  sometimes  being  over  1,000  g.  (two  pounds).  Harely 
there  is  merely  a  general  enlargement  without  the  characteristic  lesion 
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in  the  Malpigiiian  bodies,  and  occasionally  the  organ  may  be  little 
altered.  Nodules  of  newly  formed  tissue  may  occur  in  other  organs, 
especially  in  the  liver  and  kidneys  (Fig.  326),  and  in  the  former  there 
may  be  diffuse  growth  along  the  portal  tracts.  In  the  lungs  also, 
lesions  both  of  a  focal  and  diffixse  character  occasionally  occur,  especially 
when  the  bronchial  nodes  are  affected.  Lesions  in  the  form  of  firm 
plaques,  which  may  ulcerate,  sometimes  are  met  with  in  the  intestines, 
and  we  have  seen  a  similar  condition  in  the  stomach.  There  is  gener¬ 
ally  some  extension  of  the  red  marrow  in  the  long  bones,  with  both 
a  leucoblastic  and  an  erythroblastic  reaction.  Nodules  of  the  charac¬ 
teristic  tissue  are  often  met  with  in  the  bone-marrow.  It  is  thus  seen 
that  while  the  lesions  are  at  first  mainly  in  lymphoid  tissue,  they  are 
found  later  in  various  organs.  We  may  mention  that  we  have  seen 
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Fig.  326. — ^Nodules  of  Hodgkin’s  disease  in  kidney. 

The  growth  was  unusually  extensive  and.  the  cells  were  of  aberrant  type,  x  |. 

nodules  of  characteristic  structure  on  the  diaphragm  and  even  in  the 
spinal  dura  with  resulting  pressure  on  the  spinal  cord  and  paraplegia. 
Further,  while  the  lesions  in  the  organs  are  mainly  of  the  type  of 
diffuse  growth  and  small  nodules,  cases  are  occasionally  met  with  in 
which  tumour-like  masses  of  considerable  size  and  relatively  cellular 
character  are  present  (Fig.  326).  The  distribution  of  the  changes 
described  varies  greatly,  and  while  the  lymphoid  involvement  is  often 
widespread  it  may,  on  the  other  hand,  be  relatively  limited.  We 
have  seen  one  case  in  which  the  spleen  alone  was  affected. 

Ansemia  of  microcytic  type  is  usually  present  and  may  reach  a 
marked  degree  ;  sometimes  an  acute  hsemolytic  anaemia  supervenes. 
In  the  great  majority  of  cases  in  the  adult,  there  is  fairly  well-marked 
leucocytosis  of  the  ordinary  type,  the  proportion  of  polymorpho- 
nuclears  being  increased.  An  increase  of  the  lymphocytes  is  some¬ 
times  met  with  in  the  earlier  years  of  life,  but  it  is  rare  in  the  adult. 
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EosinopMlia  has  been  recorded  in  some  cases,  and  such  an  occurrence 
is  of  interest  in  relation  to  the  local  eosinophiiia  in  the  lesions ;  but, 
as  a  rule,  there  is  no  increase  of  eosinophils  in  the  blood.  None 
of  the  changes  characteristic  of  leuksernia  are  met  with  in  Hodgkin’s 
disease,  and,  as  we  shall  see,  the  lesions  are  essentially  due  to  changes 
in  the  stroma,  not  in  the  leucocytes.  It  may  be  added  that  amyloid 
disease  has  occasionally  been  observed  in  lymphadenoma. 

Irregular  pyrexia  is  of  common  occurrence,  but  in  some  cases  it 
may  assume  a  definitely  periodic  character  known  as  the  Pel-Ebstein 
type.  In  this  there  are  bouts  of  pyrexia  of  a  week  or  more,  separated 
by  remissions  of  two  or  three  weeks.  The  pyrexia  has  no  relation 
to  the  extent  of  the  lesions*  and  its  cause  is  unlmown. 


■■ 


>  - 


■A , 


0 


'*»• 


•  K 


9a.  ^ 


... 


V.,. 


# 


0"  ' 

^  m 


'  '■  t  /.I 

.  Fig.  327. — Hodgkin’s  disease  in  lymph  node  at  a  comparatively  early  stage, 
showing  the  typical  structure. 

Note  the  large  cells  with  irregular  and  convoluted  nnclei.  x  500. 


Miceoscofic  Examination  at  an  early  stage  shows  that  there  is 
proliferation  of  the  endothelial  cells  and  the  cells  of  the  reticulum, 
which  produce  a  cellular  tissue  of  characteristic  appearance.  The 
cells  of  this  tissue  vary  considerably  in  form,  are  rounded,  oval,  or 
tailed,  and  contain  a  rather  pale  nucleus  of  vesicular  type,  with 
definite  ,  nuclear  membrane  and  containing  granules  of  chromatin. 
Some  of  these  cells  increase  in  size  and  come  to  contain  several  nuclei 
or  a  large  convoluted  or  ring-shaped  nucleus  (Eig.  327).  Scattered 
amongst  these  cells  are  lymphocytes  in  varying  proportion,  apparently 
survivors  from  the  lymphoid  tissue,  and  not  infrequently  the 
tissue  is  overrun  with  numerous  eosinophils  and  plasma  cells.  The 
evidence  is  in  favour  of  the  view  that  these  are  not  formed  locally 
but  emigrate  from  the  blood  vessels,  and  we  have  seen  in  one  or  two 
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instances  distinct  increase  of  eosinophils  within  the  oapillaries  of  the 
nodes.  Sometimes,  however,  there  are  practically  no  eosinophils  in 
the  newly  formed  tissue,  and  it  would  appear  as  if  the  chemotactic 
agent  acting  on  these  cells  were  pi'esent  only  in  certain  cases,  and 
in  these  probably  only  at  certain  times. 

The  newly  formed  cellular  tissue  at  first  occurs  in  patches,  but 
soon  extends  through  the  node,  replacing  the  lymphoid  tissue  and 
destroying  the  architectural  structure.  At  first  fine  fibres  of  reticulum 
are  present  between  the  cells,  but  soon  collagen  fibres  appear,  and 
fibrosis  then  follows.  Ultimately  the  node  may  be  largely  replaced 
by  dense  hyaline  connective  tissue  in  which  there  are  surviving  collec¬ 
tions  of  lymphocytes,  and  necrosis  may  occur  in  parts.  It  is  to  be 
noted  that,  while  in  most  cases  Hodgkin’s  disease  is  essentially  a 
chronic  disease,  there  are  relatively  acute  cases  in  which  the  enlarge¬ 
ment  of  lymph  nodes  occurs  rapidly  but  is  more  restricted,  while 
the  tissue  presents  a  greater  proportion  of  aberrant  cells  ;  in  fact 
the  appearance  may  resemble  that  of  a  mixed-cell  sarcoma.  In  these 
cases  there  is  often  a  rapidly  advancing  ancemia,  which  may  be  of 
hsemolytic  type. 

The  lesions  in  other  organs  are  of  the  same  nature  as  in  the  lyinp)h 
nodes.  In  the  Malpighian  bodies  of  the  spleen,  for  example,  there 
is  a  proliferation  of  endothelial  and  reticulum  cells,  and  the  change 
may  be  wonderfully  uniform  ;  it  tends  to  encroach  upon  the  pulp 
at  the  periphery,  and  blood  pigment  derived  from  included  red 
corpuscles  may  be  present.  The  cellular  proliferation  is  followed  by 
thickening  of  the  stroma,  which  usually  begins  at  the  margin,  and 
ultimately  much  fibrosis  occurs,  while  there  may  be  a  considerable 
degree  of  hyaline  change  in  the  vessels.  We  thus  have  a  picture 
of  the  affection  becoming  generafised  in  various  organs,  while  the 
histological  changes  are  remarkably  uniform. 

As  to  the  true  nature  of  Hodgkin’s  disease  no  definite  statement 
can  be  made.  It  is  manifestly  either  a  chroiuc  infective  process 
or  a  malignant  neoplasm.  The  general  changes  correspond  rather 
to  a  reactive  process  ;  the  lesion  seems  to  extend  by  the  other  cells 
of  the  tissue  taking  part  in  the  proliferation,  rather  than  by  an  in¬ 
filtration  of  cells  already  possessing  malignant  properties.  Also  the 
way  in  which  fibrosis  regularly  follows  the  proliferation  resembles 
what  is  seen  in  an  infective  granuloma.  The  pyrexia,  which  may 
be  a  prominent  feature,  points  in  the  same  direction.  On  the  other 
hand,  no  micro-organism  or  virus  has  been  demonstrated  in  the  lesions, 
and  it  has  not  been  found  possible  so  far  to  transmit  the  disease  to 
any  of  the  lower  animals. 

The  cellularity  of  the  growth  and  the  aberration  in  cell  types 
met  with  in  certain  acute  oases  have  led  to  the  view  that  a  sarcomatous 
change  is  occasionally  superadded.  Ewing,  for  example,  spoke  of 
‘  Hodgkin’s  granuloma  ’  and  ‘  Hodgkin’s  sarcoma.’  It  must  be 
admitted  that  in  some  cases  the  histological  appearances  cannot  be 
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distinguished  from  those  of  sarcoma,  and  the  cells  can  be  seen  invading 
blood  vessels  after  the  manner  of  a  malignant  growth  ;  but,  in  our 
experience,  all  degrees  of  cellularity  can  be  present  in  the  same  case 
and  it  does  not  seem  possible  to  distinguish  two  distinct  types  of 
tissue—a  granulomatous  and  a  sarcomatous.  The  question  is,  how¬ 
ever,  an  open  one.  Though  sometimes  of  very  chronic  character, 
the  disease  is  progressive  and  probably  always  leads  to  death ;  this 
alone  would  point  to  its  neoplastic  nature.  At  first  the  lesions  are 
highly  sensitive  to  radiation  therapy,  but  later  they  may  fail  to  respond. 
The  fatal  outcome  may  be  delayed  but  is  not  prevented  by  X-ray 
treatment. 

Detailed  investigations  carried  out  by  the  workers  of  the  Rose 
Research  on  Lymphadenoma  have  failed  to  reveal  the  presence 
of  any  parasite  in  the  tissues.  It  was  found,  however,  that  the  affected 
nodes  contain  a  pathogenic  agent  which,  when  injected  into  the  brain 
of  a  rabbit,  produces  an  encephalitis  and  death  usually  follows.  While 
this  method,  known  as  Gordon’s  test,  may  be  of  diagnostic  value,  it 
is  not  specific,  and  a  similar  result  may  be  obtained  with  the  blood 
in  myeloid  leukaemia  or  even  with  normal  marrow.  It  is  probably 
due  to  a  proleolytic  enzyme  derived  from  the  leukocytes  (Friedemann), 

Lymphoid  Follicular  Reticulosis,  also  known  as  Giant- 
Follicular  Lymphoblastoma.  This  is  a  systematised  disease  of  the 


Fig.  328. — Lymph  node  in.  lymphoid  follicular  reticulosis. 

The  architecture  is  destroyed,  the  lymph  node  heing  replaced  hy  follicles  of  pale-staining  cells 
around  which  there  are  rings  of  condensed  lymphocytes,  x  15. 

lymphoid  tissues  clinically  resembling  Hodgkin’s  disease,  but  usually 
of  slower  evolution  ;  we  have  observed  a  case  for  15  years,  with 
fatal  termination.  It  runs  a  remittent  course  usually  in  early  adult 
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iife,  and  is  characterised  by  enlargement  of  successive  groups  of  lymph 
nodes,  spleiioiiiegafy  and  aiuemia. 

The  affected  nodes  are  highly  cellular,  of  yellowish- white  colour, 
and  the  cut  surface  shows  a  finely  nodular  character  due  to  great 
enlargement  of  the  follicles  both  in  the  cortex  and  in  the  centre  of 
the  glands.  In  the  early  stages  the  lesions  are  sometimes  difficult 
to  differentiate  from  a  simple  reactive  hyperplasia.  Although  highly 
radio-sensitive  for  a  time,  the  condition  eventually  proves  fatal. 
Sometimes  the  character  of  the  disease  changes  and  we  have  seen 
lymphosarcoma  supervene  ;  more  rarely  there  is  a  terminal  leukaemia 
in  which  it  may  be  difficult  to  classify  the  cells.  In  our  opinion  this 
condition  is  almost  certainly  neoplastic. 

(3)  Leukaemia  and  Pseudo -leukaemia 

Marked  enlargements  of  lymphatic  glands,  which  occur  in  lym¬ 
phatic  leukaemia,  have  already  been  described  in  connection  with 
the  account  of  this  disease  (p.  511)  ;  and  diagnosis  will  be  readily 
made  from  an  examination  of  the  blood.  Cases  are  met  with,  how¬ 
ever,  where  there  is  a  similar  painless  enlargement  of  lymphatic 
glands  and  other  lymphoid  tissues,  without  the  presence  of  a  leukmmic 
condition  of  the  blood.  The  enlargement  may  be  due  entirely  to 
accumulations  of  lymphocytes,  and  the  structure  resembles  that 
found  in  lymphatic  leukaemia.  When  this  is  the  case,  the  term  pseudo¬ 
leukaemia  may  be  applied.  It  is  interesting  to  note  that  in  some 
such  cases  there  is  a  relative  lymphocytosis  without  increase  in  the 
total  number  of  leucocytes,  and  that  later  the  changes  characteristic  of 
lymphatic  leukaemia  appear  in  the  blood.  It  would  therefore  seem  that 
the  essential  morbid  change  may  be  present  in  the  lymphoid  tissues 
for  some  time  before  leukaemia  appears.  In  cases  observed  by 
us  the  leukaemic  state  developed  several  years  after  the  lesion  in  the 
lymphatic  glands.  Pseudo -leukaemia  may  thus  be  regarded  as  of  the 
same  nature  as  lymphatic  leukaemia,  and  is  sometimes  observed  as 
an  ‘  aleukaemic  stage  ’  of  the  latter.  An  aleukaeniic  stage  is  sometimes 
observed  also  in  the  myeloid  and  monocytic  types.  In  such  con¬ 
ditions  examination  of  the  marrow  by  sternal  puncture  has  been 
found  of  service. 


(4)  Tumours 

The  primary  tumours,  simple  lymphoma  and  lymphosarcoma, 
have  been  already  described  (p.  255).  The  commonest  sites  of  the 
latter  are  the  mediastinal  glands,  mesenteric  glands,  and  cervical 
glands,  but  they  also  occur  in  the  intestinal  wall  both  in  the  small 
and  large  bowels.  The  growths  are  often  of  multixale  origin  but 
there  is  also  a  tendency  to  spread  by  the  lymphatics  and  to  involve 
the  neighbouring  glands.  In  these  ways,  large  conglomerate  masses 
of  glands  result  and  the  growth  may  extend  to  the  tissues  around.  As 
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already  stated,  however,  there  is  a  large  group  of  hyperplasias  and 
malignant  growths  affecting  lymphatic  glands  which  have  not  yet 
been  satisfactorily  differen¬ 
tiated.  The  latter  are  both 
of  the  type  of  sarcoma  and 
reticulo  -  endothelioma.  I  n 
addition  to  the  round- cell 
lymphosarcoma  there  are  also 
types  where  the  cells  are 
angular  or  of  spindle  shape 
and  occasionally  a  reticulo- 
sarcoma  may  be  composed 
of  large  cells  with  a  tendency 
to  aberrant  form,  there  being 
a  delicate  reticulum  between 
the  cells  (Fig.  329).  There 
is  also  the  markedly  poly¬ 
morphous  growth  already 
referred  to,  to  which  the 
term  ‘  Hodgkin’s  sarcoma  ’ 
has  been  applied.  In  all 
these  conditions  there  is 
multiple  affection  of  glands. 

Lymphangioma  (p.  213) 
in  connection  with  the  lym¬ 
phatic  vessels  is  a  not  infrequent  simple  growth. 

Secondary  growths  have  been  sufficiently  dealt  with  in  the  chapter 
on  tumours  ;  vith  the  exception  of  rodent  ulcer  they  are  common 
in  all  varieties  of  carcinoma,  and  also  in  melanotic  growths.  It  may 
be  well  to  recall  and  emphasise  the  wide  spread  by  the  lymphatics 
which  may  take  place,  and  the  involvement  of  distant  glands — ^for 
example,  the  supra- clavicular  glands  in  cases  of  gastric  carcinoma. 

BONE-MARROW 

Introductory.  The  bone-marrow  is  an  organ  of  considerable 
size  ;  in  the  adult  its  volume  is  about  four  litres,  of  which  about 
1500  ml.  are  occupied  by  cellular  hgemopoietic  marrow,  and  the  re¬ 
mainder  is  fatty.  There  is  therefore  ample  space  available  within 
the  bones  for  marrow  hyperplasia  under  a  variety  of  abnormal  con¬ 
ditions,  as  is  described  below.  The  bone-marrow  is  the  formative 
tissue  for  most  of  the  cells  of  the  blood,  namely,  the  leucocytes  of  the 
granular  series,  the  red  corpuscles  and  also  the  platelets ;  and  there 
is  no  evidence  that  any  of  these  are  normally  formed  in  the  adult 
in  any  other  part  of  the  body.  In  the  adult  the  red  haemopoietic 
marrow  is  restricted  to  the  ribs,  vertebrae  and  sternum  and  to  the 
ends  of  long  bones,  and  even  there  it  contains  a  certain  x^roportion 


Fig;  329.  —  Reticulo -sarcoma  of  lymph 
node,  showing  large  rounded  cells  with 
lymphocytes  between.  (J.S.F.  IST.)  X  300. 
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of  fat.  Accordingly,  increase  of  the  marrow  in  response  to  require¬ 
ments  can  occur  by  displacement  of  the  fat  in  the  small  bones  as 
well  as  by  extension  of  the  red  marrow  into  the  shafts  of  the  long 
bones  ;  these  two  changes  usually  take  place  together.  The  manner 
in  which  the  marrow  responds  to  the  call  for  increased  celts  (leucocytes 
and  red  corpuscles)  has  been  described  in  connection  with  inflamma¬ 
tion  and  diseases  of  the  blood,  and  we  shall  here  summarise  only 
some  of  the  main  facts.  It  is  to  be  noted,  however,  that  in  the  child 
the  medullary  cavities  of  the  long  bones  are  occupied  by  red  marrow. 
Patty  marrow  visible  to  the  naked  eye  appears  in  the  lower  end  of 
the  femur  about  the  seventh  year  of  life  and  then  gradually  increases 
in  an  upward  direction.  The  marrow  of  this  bone  becomes  entirely 
fatty  at  the  age  of  twmity-one  or  shortly  thereafter,  except  for  a 
small  area  at  the  upper"  end.  Variations,  however,  are  common. 
Hyperplasia  of  red  marrow  in  the  femur  occurs  first  in  the  upper  end 
of  the  diaphysis  and  extends  downwards. 

In  all  obscure  blood  conditions  the  examination  of  the  bone- 
marrow  by  sternal  puncture  has  been  found  to  be  of  great  service. 

Besides  undergoing  hyperplastic  or  formative  reactioirs,  the  marrow, 
like  any  other  tissue,  may  be  damaged  by  toxins  or  suffer  from  im¬ 
paired  nutrition,  and  thus  may  become  altered  in  character.  Further, 
while  the  marrow  as  a  hasmopoietic  tissue  is  quite  distinct  from  the 
bone  which  encloses  it,  the  two  tissues  may  suffer  together  in  infections. 
For  example,  in  tuberculosis  and  in  pyogenic  diseases,  both  are  invaded 
and  destroyed.  The  same  holds  in  the  case  of  secondary  growths 
of  cancer,  and  the  marrow  seems  a  specially  favourable  nidus  for 
the  lodgment  of  cancer  cells  and  their  subsequent  growth. 

The  various  changes  in  the  bone-marrow  may  be  conveniently 
considered  under  the  following  headings,  viz.  : — 

(1)  Reactive  hyperplasia. 

(2)  Nutritional  disturbances. 

(3)  Inflammatory  conditions. 

(4)  Neoplastic  conditions. 

As  most  of  the  changes  have  been  dealt  with  in  other  chapters, 
only  a  brief  survey  need  be  given. 

(1)  Reactive  Hyperplasia.  As  has  been  previously  stated,  this 
is  of  two  types,  namely,  the  leucoblastic  and  the  erythroblastic. 

The  hyperplasia  is  shown  by  an  increased  proportion  of  red  marrow 
in  the  cancellse  of  the  small  bones  and  by  a  replacement  of  the  fatty 
marrow  of  the  long,  bones  by  red  marrow,  this  replacement,  in  the 
femur,  starting  at  the  upper  end  and  extending  downwards.  In  this 
newly  formed  marrow  all  the  constituents  are  present  but  there  is 
an  excess  of  myelocytes  or  of  erythroblasts  according  to  the  nature 
of  the  reaction.  New  foci  of  myeloid  tissue  may  appear  not  only 
in  the  fatty  marrow  but  also  occasionally  in  other  organs — spleen, 
liver,  etc.  (p.  531). 

An  important  fact  now  recognised  is  that  in  conditions  of  disease 
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there  may  he  marrow  hyperplasia,  both  er3rbhroblastic  and  leuko- 
blastic,  whilst  the  delivery  of  the  final  products  to  the  blood  is 
deficient.  Thus  there  may  be  erythroblastic  reaction  in  conditions 
of  anaemia,  e.g.  simple  microcytic  anaemia  and  splenic  anaemia,  whilst 
the  number  of  reticulocytes  in  the  blood  is  below  normal.  So  also 
ill  many  cases  of  agranulocytosis  both  myeloblasts  and  myelocytes 
may  be  present,  whilst  the  polymorpho -nuclear  leucocytes  are  scanty, 
both  in  the  marrow  and  in  the  blood.  In  other  words,  there  may  be 
h5rperplasia  with  deficient  or  arrested  development.  This  is  of  im¬ 
portance  in  interpreting  the  condition  of  the  marrow. 

(а)  Leucohlastic  Reaction  may  be  of  different  kinds.  In  ordinary 
leucocytosis  such  as  that  in  pneumoma,  suppurative  conditions,  etc., 
the  increase  is  on  the  part  of  the  finely  granular  neutrophil  myelocytes, 
and  these  cells,  many  of  which  can  be  seen  to  be  in  active  mitosis,  form 
a  larger  proportion  of  the  marrow.  The  principles  governing  these 
changes  have  already  been  discussed.  Further,  when  red  marrow 
is  being  formed  anew  in  fatty  marrow,  myelocytes  are  formed  from 
myeloblasts  and  these  in  their  turn  from  reticulo -endothelium. 
In  eosinopMlia,  notably  in  the  case  of  nematode  infections,  there  has 
been  found  an  increase  of  eosinophil  myelocytes,  and  increased  multi¬ 
plication  of  these  cells.  No  corresponding  reaction  is  known  in  the 
case  of  the  basophil  myelocytes,  and  this  may  be  taken  as  being  in 
accordance  with  the  fact  that  there  is  no  definite  condition  known  in 
which  a  basophil  leucocytosis  occurs  in  the  blood.  In  fact,  we  have 
no  satisfactory  knowledge  as  to  the  response  on  the  part  of  these 
cells  to  chemotactic  substances.  In  typhoid  fever  an  increase  of 
non-granular  cells  has  been  found  in  the  marrow,  but  this  has  been 
interpreted  in  different  ways,  some  regarding  them  as  cells  of  the 
lymphoid  series,  and  others  as  promyelocytes  or  myeloblasts. 

The  leucoblastic  reaction  which  normally  occurs  may  fail  on 
account  of  the  defective  resisting  powers  of  the  individual.  There 
may  then  be  leucopenia  instead  of  leucocytosis.  This  has  already 
been  considered  (p.  470). 

(б)  Erythroblastic  Reaction  is  of  two  main  types,  normoblastic  and 
megaloblastic.  The  former,  characterised  by  active  proliferation  of 
the  ordinary  erythroblasts  which  come  to  constitute  an  increased 
proportion  of  the  cells  of  the  marrow,  may  be  regarded  as  the  normal 
response  to  increased  demand  for  red  corpuscles.  Thus  it  is  seen 
after  hsemorrhage,  and  after  blood  destruction  of  various  kinds.  It 
is  also  a  noteworthy  occurrence  as  a  result  of  diminished  oxygen 
tension  when  a  person  lives  at  a  high  altitude  (p.  458).  Megaloblastic 
change,  which  represents  an  earlier  or  more  embryonic  type  of  blood 
formation,  occurs  especially  in  pernicious  anaemia,  but  also  in  other 
forms  of  megalocytic  anaemia  (p.  494). 

Phagocytosis  is  seen  in  the  bone-marrow,  both  in  infections  and 
in  cases  of  blood  destruction.  Thus  red  corpuscles  may  be  found 
in  the  interior  of  the  macrophages  and  deposits  of  haemosiderin  may 
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occur,  but,  on  the  whole,  the  marrow  plays  a  less  important  part 
than  the  spleen  in  destructive  processes  and  in  phagocytosis.  As 
in  the  spleen  and  lymph  nodes,  the  macropliages  are  derived  mainly 
from  reticulum  and  endothelial  cells.  The  storage  function  of  the 
marrow  is  indicated  by  the  accumulation  of  lipoids  which  occurs  in 
Gaucher’s  disease  and  allied  conditions  (p.  532). 

Hypoplasia.  This  term  is  applied  when  there  is  deficiency  of 
hsemopoietic  marrow.  An  extreme  condition — aplasia — ^is  that  in 
which  very  little  red  marrow  is  present,  the  cancellse  even  of  the  short 
bones  being  largely  occupied  by  fat.  Such  a  state  in  its  extreme 
form  is  occasionally  met  with  in  early  life,  but  it  is  very  rare  ;  it 
may  result  in  an  advancing  and  fatal  ansemia — aplastic  anmmia 
(p.  500).  In  some  rare  cases  of  megalocytic  anaemia,  the  red  marro  w 
does  not  undergo  the  usual  increase,  and  is  in  an  aplastic  state  (p.  500). 
Cases  of  this  kind  usually  run  a  rapid  course.  The  causation  of 
aplasia  is  not  fully  understood.  In  some  extreme  cases  it  may 
represent  a  congenital  or  primary  deficiency,  but  it  is  often  secondary 
to  toxic  effects  of  various  kinds.  Experimentally  poisons  such  as 
saponin,  benzole,  ricin,  lead,  etc.,  which  cause  anmmia,  have  been 
shown  to  injure  the  marrow  and  lead  to  a  diminution  of  its  cells,  and 
clinically  exposure  to  benzole  or  its  derivatives  is  a  rather  common 
antecedent  to  aplastic  ansemia  ;  occasionally  other  drugs  are  impli¬ 
cated,  e.g.  gold.  It  is  well  recognised  also  that  the  rays  of  radio¬ 
active  substances  and  X-rays  have  an  important  influence  in  damaging 
the  marrow  and  thus  leading  to  ansemia.  An  interesting  example  is 
the  anaemia  occurring  in  dial-painters,  the  luminous  paint  which  is 
used  containing  radium  and  mesothorium.  These  metals  are  stored 
in  bone  and  injure  the  marrow,  producing  anaemia,  which  may  be  of 
the  megalocytic  type.  The  injury  inflicted  on  the  marrow  by  such 
chemical  and  j)hysical  agencies  may  result  in  marrow  hyperplasia  with 
diminished  output  of  cells  ;  or  it  may  be  more  severe  and  implicate  the 
stem  cells,  thus  leading  to  an  aplastic  state.  The  degree  and  rapidity 
of  recovery  after  damage  has  been  inflicted,  of  course,  vary  greatly. 
It  is  also  believed  by  some  that  aplastic  changes  may  result  from 
exhaustion  of  the  marrow  following  hyperplasia. 

A  special  variety  of  marrow  aplasia  is  that  in  which  the  hiemo- 
poietic  tissue  is  encroached  upon  by  thickening  of  the  bony  trabeculae 
(osteopetrosis)  or  the  marrow  spaces  are  replaced  by  fibrous  tissue. 
To  this  condition  the  term  myelopMhisis  is  applied  and  it  is  accom¬ 
panied  by  anaemia  (p.  502)  and  by  splenomegaly  due  to  myeloid 
transformation.  The  occurrence  of  abundant  extra-medullary  haemo¬ 
poiesis  appears  to  indicate  a  fundamental  difference  from  simple 
aplasia  with  fatty  marrow,  for  in  that  condition  the  development  of 
the  blood  cells  is  almost  wholly  suppressed  whereas  in  myelophthisis 
development  proceeds  actively  in  extra-medullary  sites,  notably  the 
spleen.  The  etiology  of  the  myelofibrosis  is  unknown, 

(2)  Nutritional  Disturbances.  The  bone-marrow  may  be  injured 
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by  toxins,  as  explained  above,  and  it  suffers  also  in  states  of  mal¬ 
nutrition.  In  cases  of  wasting  disease — carcinoma,  chronic  Bright’s 
disease,  etc. — the  fat  of  the  yellow  marrow  of  long  bones  becomes 
absorbed,  and  a  sort  of  gelatinous  tissue  of  brownish  tint  takes  the 
place  of  the  adipose  tissue  (Fig.  330).  This  gelatinous  material  may  re¬ 
place  some  of  the  red  marrow  in  the  small  bones.  Thus  the  marrow  of 
long  bones  in  disease  may  be  of  the  ordinary  fatty  type,  the  gelatinous 
type,  or  the  red  haemopoietic  type  ;  and  any  two  of  these,  or  in  fact 
all  three,  may  be  present  together.  In  cases  of  cancer,  for  example, 
the  fatty  marrow  may  in  part  have  become  replaced  by  red  marrow, 
and  in  part  have  undergone  gelatinous  degeneration.  We  may  add 


^  .  ' 

ITig.  330. — Marrow  of  femur  in  a  case  of  carcinoma,  showing  gelatinous 

degeneration. 

Note  clumps  of  surviving  marrow  cells  and  also  some  wasted  fat  cells  in  a  homogeneous  matrix. 
X  300. 

that  a  certain  amount  of  gelatinous  change  may  occur  merely  as  an 
ordinary  senile  phenomenon.  As  has  been  mentioned  above  aplasia 
is  often  a  nutritional  disturbance  due  to  toxic  action  ;  it  is  sometimes 
associated  with  an  appearance  of  gelatinous  marrow.  When  recovery 
occurs,  regeneration  of  the  cells  may  follow,  but  this  may  take  place 
slowly. 

In  very  severe  infections,  evidence  of  damage  may  be  present ; 
some  of  the  myelocytes  may  show  degenerative  changes  resulting  in 
toxic  granulation  and  failure  of  mx clear  segmentation.  Necrobiosis 
with  kar^mrrhexis,  and  sometimes  even  focal  necrosis,  is  met  with 
especially  in  smallpox.  Haemorrhages  may  be  present  in  the  marrow 
in  infections,  such  as  bacterial  endocarditis,  typhoid,  etc.,  and  also 
in  anaemia,  scurvy,  phosphorus  poisoning,  etc.  They  may  result 
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by  toxins,  as  explained  above,  and  it  suffers  also  in  states  of  mal¬ 
nutrition.  In  cases  of  wasting  disease — carcinoma,  chronic  Bright’s 
disease,  etc. — the  fat  of  the  yellow  marrow  of  long  bones  becomes 
absorbed,  and  a  sort  of  gelatinous  tissue  of  brownish  tint  takes  the 
place  of  the  adipose  tissue  (Fig.  330).  This  gelatinous  material  may  re¬ 
place  some  of  the  red  marrow  in  the  small  bones.  Thus  the  marrow  of 
long  bones  in  disease  may  he  of  the  ordinary  fatty  type,  the  gelatinous 
type,  or  the  red  hsemopoietic  type  ;  and  any  two  of  these,  or  in  fact 
all  three,  may  be  present  together.  In  cases  of  cancer,  for  example, 
the  fatty  marrow  may  in  part  have  become  replaced  by  red  marrow, 
and  in  part  have  undergone  gelatinous  degeneration.  We  may  add 
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that  a  certain  amount  of  gelatinous  change  may  occur  merely  as  an 
ordinary  senile  phenomenon.  As  has  been  mentioned  above  aplasia 
is  often  a  nutritional  disturbance  due  to  toxic  action  ;  it  is  sometimes 
associated  with  an  appearance  of  gelatinous  marrow.  When  recovery 
occurs,  regeneration  of  the  cells  may  follow,  but  this  may  take  place 
slowly. 

In  very  severe  infections,  evidence  of  damage  may  be  present ; 
some  of  the  myelocytes  may  show  degenerative  changes  resulting  in 
toxic  granulation  and  failure  of  nuclear  segmentation.  Necrobiosis 
with  kar^^orrhexis,  and  sometimes  even  focal  necrosis,  is  met  with 
especially  in  smallpox.  Haemorrhages  may  be  present  in  the  marrow 
in  infections,  such  as  bacterial  endocarditis,  typhoid,  etc.,  and  also 
in  anaemia,  scurvy,  phosphorus  poisoning,  etc.  They  may  result 


552  TEXT-BOOK  OE  PATHOLOGY 

either  from  toxic  action  or  from  the  actual  presence  of  organisms. 
In  infantile  scurvy,  in  addition  to  the  occurrence  of  hsemorrhages, 
the  cells  of  the  marrow  may  become  replaced  to  a  considerable  extent 
by  a  fibro-cellular  connective  tissue  .  ,  Various  other  changes  occur  in 
association  with  diseases  of  the  bones  (q-v.). 

(3)  Inflammatory  Changes.  The  bone-marrow  may  be  in¬ 
vaded  by  organisms  of  various  kinds,  and  both  acute  and  chronic 
inflammatory  conditions  result.  Of  the  former,  the  most  important 
is  acute  suppurative  osteomyelitis,  and  of  the  latter,  tuberculosis. 
Both  of  these,  which  are  haematogenous  infections,  are  described  in 
connection  with  disease  of  the  bones.  In  acute  miliary  tuberculosis 
numerous  small  tubercles  may  be  present  in  the  marrow.  Gumma 
of  the  marrow  has  been  described,  but  it  is  very  rare. 

(4)  Neoplastic  Conditions.  Malignant  neoplasia  in  the  marrow 
may  be  (a)  diffuse  in  character,  associated  with  leukaemia,  or  (6) 
nodular,  without  leukaemia,  as  in  myelomatosis.  The  distinction, 
however,  is  not  sharply  maintained ;  in  myeloid  chloroma  (p.  514) 
we  have  an  example  of  discrete  growths  which  are  associated  with 
leukemia,  especially  in  childhood,  and  it  is  not  uncommon  for  nodular 
tumour-like  masses  without  the  green  colour  to  develop  in  various 
sites  in  the  course  of  chronicimyeloid  leukaemia  in  adults.  Myeloma¬ 
tosis  usually  takes  the  form  of  multiple  nodules  throughout  the 
marrow,  but  it  may  also  occur  in  a  more  diffuse  distribution  without 
nodular  tumours  ;  leuksemic  changes  in  the  blood  are,  however,  almost 
invariably  absent  in  both  types. 

/  Myeloma.  This  is  a  round-cell  growth  and  is  not  to  be  confused 
with  myeloid  sarcoma,  better  called  osteoclastoma  (p.  229).  True 
myeloma  is  a  disease  of  late  adult-life  ;  it  is  commoner  in  males  and 
the  use  of  sternal  puncture  as  a  diagnostic  procedure  in  obscure 
cases  has  shown  that  it  is  much  more  frequent  than  was  supposed. 
It  occurs  usually  in  the  form  of  numerous  reddish  nodules  throughout 
the  bones  which  normally  contain  red  marrow,  but  also  in  the  long 
bones.  It  is  therefore  called  multiple  myeloma  or  myelomatosis. 
The  nodules  exert  a  pronounced  osteolytic  effect  so  that  absorption 
and  rarefaction  of  the  affected  bones  takes  place  and  spontaneous 
fractures  are  common,  especially  in  the  ribs.  The  effects  of  localised 
rarefaction  are  characteristically  seen  in  the  skull  where  the  myeloma 
nodules  in  the  diploe  erode  the  tables,  producing  sharply  punched-out 
defects  in  the  bone.  The  multiple  tumours  are  probably  independent 
growths,  the  result  of  a  systematised  disease  of  the  marrow,  rather 
than  metastatic  in  nature.  Occasionally,  however,  a  solitary  discrete 
growth,  usually  in  a  long  bone,  may  appear  first,  but  only  rarely 
does  the  disease  fail  to  become  generalised  throughoxxt  the  skeleton 
at  a  later  date.  Amputation  is  therefore  unlikely  to  effect  cure, 
though  a  few  successful  cases  have  been  recorded.  It  is  now  recognised 
that  the  myeloma  cells  may  be  widely  and  diffusely  distributed 
throughout  the  marrow  without  the  formation  of  discrete  nodules. 
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Generalised  osteoporosis  may  then  develop  and  we  have  seen  the 
vertebral  column  much  collapsed  and  so  softened  that  the  bodies 
could  be  scooped  out  with  the  finger.  The  histological  structure  of 
myeloma  is  variable,  but  sternal  biopsy  material  shows  that  the 
commonest  variety  is  composed  of  large  cells  resembling  plasma  cells  ; 
these  have  eccentric  nuclei  with  the  radial  arrangement  of  chromatin 
and  basophilic  cytoplasm  but  this  is  less  rich  in  ribonucleic  acids  than 
that  of  inflammatory  plasma  cells  and  the  perinuclear  halo  is  less  pro¬ 
nounced.  The  term  plasma-cell  myeloma  is  often  used  and  plasma- 


Fm.  331.— Multiple  nodules  of  Fig.  332.— Multiple  no- 
myeloma  in  vertebral  column.  dules  of  myeloma  in 

a  rib  ;  numerous  spon- 
Note  the  collapse  of  the  vertebrie  with  taneous  fractures  were 

shortening,  x  f.  present,  x  |. 

cytoma  for  the  solitary  form,  but  it  should  be  remembered  that  plasma¬ 
cytoma  may  occur  elsewhere,  e.g.  the  naso-phar3m.x,  stomach,  etc., 
and  its  relation  to  the  true  myeloma  is  uncertain.  Amongst  the  plasma 
cells  there  are  some  binucleate  forms  and  some  round  cells  thought 
to  be  of  more  primitive  type,  the  proportion  varying  in  different 
cases.  These  round  cells  may  resemble  myeloblasts  and  occasionally 
a  partial  differentiation  to  granular  cells  occurs,  but  this  is  uncommon. 
Still  more  rarely,  the  cells  resemble  erythr oblasts  or  megakaryoblasts. 

Myelomatosis  leads  to  pronounced  skeletal  de  calcification  with 
increase  of  cMcium  and  phosphorus  in  the  blood  and  increased  excre¬ 
tion  in  the  urine.  In  about  80  per  cent,  of  cases  it  is  associated  with 
the  presence  of  Bence-Jones  protein  in  the  urine,  but  this  is  not  peculiar 
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to  myeloma  and  ma}’’  occur  in  leukiBinia  and  in  secondary  cariicer  of 
the  marrow.  In  many  cases  there  is  a  marked  rise  in  the  amount  of 
plasma  protein  to  over  10  gm.  per  100  ml.,  the  increase  being  due  to 
^-globulin.  Consequently  the  sedimentation  rate  is  very  high  and 
auto-haemagglutination  may  occur  on  cooling.  The  passage  of  much 
protein  in  the  urine  is  associated  with  a  peculiar  type  of  renal  damage  ; 
protein  is  precipitated  in  the  tubules,  forming  dense  casts  which  obstruct 
the  lumina  and  stimulate  the  formation  of  giant-cells  of  foreign  body 
type ;  serious  interference  with  renal  function  may  result.  In  about 
7  per  cent,  of  cases,  amyloid  disease  is  found,  sometimes  atypical  in 
distribution. 


Fig.  333. — (a)  Section  of  myeloma,  showing  a  uniformly  cellular  tissue,  the 
round  cells  being  of  myeloblastic  type.  X  400. 


(6)  Myeloma  cells  in  film  of  sternal  marrow.  Some  have  ‘  cart-wheel  nuclei  ’ 
and  moderate  cytoplasmic  basophilia.  X  1,000. 


Another  rare  form  of  growth  is  the  myeloid  chloroma  (p.  514), 
a  cellular  tumour  of  green  colour  which  occurs  in  connection  with 
bones,  and  apparently  originates  from  myeloblasts.  It  is  associated 
with  acute  myeloid  leukaemia  (p.  508).  It  is  not  known  why  leukaemia 
should  occur  with  chloroma  and  not  with  myeloma. 

In  rare  instances  simple  tumours  occur  in  the  marrow,  but  these 
take  origin,  from  the  connective  tissue  and  not  from  the  cells  proper 
to  the  marrow ;  fibroma,  myxoma,  and  angioma  are  examples. 

Secondary  growths,  both  of  carcinoma  and  sarcoma,  are  fairly 
common  in  the  bone-marrow;  and  in  the  case  of  melanotic  growths 
and  cancers  of  certain  organs,  especially  the  mamma,  prostate,  and 
thyroid,  the  nodules  may  be  very  numerous  and  widespread.  They 
occur  especially  in  the  red  marrow.  These  growths  are  described  in 
connection  with  disease  of  the  bones.  When  the  marrow  of  the  short 
bones  is  extensively  invaded,  there  is  often  to  be  seen  a  compensatory 
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formation  of  red  marrow  in  the  long  bones.  The  changes  which  occur 
in  the  blood  are  described  on  p.  502.  Further,  in  some  cases  of  carci¬ 
noma,  especially  of  the  prostate,  there  may  be  a  remarkable  condition 
of  overgrowth  and  sclerosis  of  the  bone  around  the  nodules,  and  the 
bone-marrow  may  be  greatly  encroached  upon  by  the  condensation 
of  the  bone  with  resulting  anaemia,  often  called  osteosclerotic  ansemia 
(p.  502). 
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CHAPTEE  XIII 

ALIMENTARY  SYSTEM 


(ESOPHAGUS 

Inflammatory  Changes.  The  cesophagus  is  the  part  of  the 
alimentary  canal  which  is  least  frequently  the  seat  of  inflammatory 
change.  Lined  by  squamous  epithelium  and  adapted  to  bear  without 
injury  the  rapid  passing  of  food  over  its  surface,  it  has  marked  powers 
of  resistance  and  is  comparatively  seldom  the  seat  of  primary  bac¬ 
terial  invasion.  Acute  catarrhal  and  even  pseudo-membranous 
inflammations  have  been  described  in  connection  with  various  infec¬ 
tive  fevers,  but  they  are  relatively  rare  ;  the  extension  of  the  lesions 
of  diphtheria  from  the  fauces  to  the  upper  part  of  the  oesophagus  may 
be  mentioned  as  an  exceptional  occurrence. 

Phlegmonous  inflammation  is  due  to  the  entrance  of  pyogenic 
organisms  into  the  mucous  and  submucous  coats,  and  may  some¬ 
times  spread  widely.  It  may  result  from  spread  of  suppuration  from 
the  fauces  or  from  other  neighbouring  parts,  e.g.  from  the  larynx 
afiected  by  suppurative  perichondritis.  It  may  develop  in  con¬ 
nection  with  an  ulcerating  carcinoma  or  may  be  set  up  by  an  impacted 
foreign  body.  Inflammatory  change  is  not  infrequently  caused  by 
swallowing  hot  or  irritating  fluids,  and  severer  degrees  are  met 
with  in  the  case  of  caustic  substances.  The  latter  produce  effects 
according  to  their  nature  and  concentration.  When  concentrated, 
they  produce  necrosis  in  varying  degree  ;  when  more  dilute,  the 
result  is  rather  of  an  inflammatory  nature.  The  caustic  effect  is  most 
marked  on  the  summits  of  the  longitudinal  folds,  but  in  severe  cases 
it  may  extend  deeply  and  a  considerable  part  of  the  wall  may  be 
destroyed.  In  cases  where  recovery  occurs,  the  dead  material  is 
gradually  separated  and  ulceration  follows,  which  may  be  of  chronic 
nature,  and  ultimately  stenosis  may  result.  The  effects  of  the  various 
caustics  correspond  with  those  in  the  stomach  (p.  567). 

Chronic  catarrh  is  favoured,  as  elsewhere,  by  the  presence  of 
passive  congestion.  It  is  common  in  alcoholism,  and  there  is  often 
opacity  along  the  summits  of  the  longitudinal  folds.  Circumscribed 
patches  of  thickening  and  opacity,  known  as  leuJco^lakia,  occur  in 
the  same  conditions,  but  the  causation  is  often  obscure.  They 
consist  mainly  of  thickened  epithelium. 
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The  term  oesophagitis  dissecans  superjicialis  has  been  applied  to  a  very  rare 
condition  in  which  the  whole  of  the  superficial  layer  of  the  oesophagus  becomes 
separated  and  discharged  as  a  cast  of  the  tube.  The  presence  of  signs  of 
inflammatory  change  such  as  round-cell  infiltration,  or  even  a  purulent  layer, 
has  been  noted  underneath  the  separated  epithelium  in  some  cases,  hence  the 
term  applied  to  it.  In  a  case  which  we  examined,  however,  there  was  no  evidence 
of  inflammation  and  no  noteworthy  change  in  the  separated  epithelial  layer  ; 
separation  of  the  epithelium  had  occurred  on  various  occasions,  and  on  each 
was  accompanied  by  great  pain  and  discomfort  until  the  cast  was  completely 
separated.  The  etiology  of  the  condition  was  quite  obscure.  Occasionally 
large  areas  of  superficial  epithelium  may  be  discharged  after  injury  by  scalding 
fluids,  chemical  irritants,  etc. — this,  of  course,  is  of  quite  a  different  nature. 

Specific  Chronic  Inflammations.  All  these  are  of  very  rare  occurrence. 
Small  tuberculous  ulcers  may  be  occasionally  met  with  in  the  oesophagus  in 
pulmonary  phthisis  as  a  result  of  swallowing  sputum.  Occasionally  also  the 
wall  of  the  tube  may  be  infected  secondarily  from  a  caseous  lymph  nod©  which 
lias  become  adherent  to  it.  Syphilitic  lesions  likewise  are  uncommon,  althougli 
the  oceurrence  of  a  gummatous  infiltration  in  the  wall  of  the  tube  has  been 
observed.  Sometimes  in  actinomycosis  the  infection  starts  from  a  lesion  of  the 
oesophagus,  and  in  one  or  two  instances  this  has  residted  in  connection  w^ith 
a  cereal  grain  impacted  in  the  wall. 

It  may  be  added  that  thrush  may  occur  in  tlie  oesopliagus,  usually  as  an 
extension  from  the  mouth  and  fauces.  The  lesions  are  irregularly  raised  patches 
of  opaque  whitish  appearance,  which  are  composed  of  swollen  and  sodden 
epithelium  infiltrated  by  the  septate  mycelial  threads  and  spores  of  the  parasite — ■ 
the  Oidiuni  albicans.  The  patches  may  occasionally  attain  some  size  and  affect 
a  considerable  part  of  the  wall  of  the  tube. 

Circulatory  Disturbances.  The  most  important  change  of  this 
kind  is  that  which  occurs  at  the  lower  end  of  the  tube  in  cases  of 
portal  congestion,  most  frequently  the  result  of  cirrhosis  of  the  liver. 
The  veins  near  the  cardiac  orifice  of  the  stomach,  and  often  for  some 
distance  above,  become  distinctly^varicose  and  form^projectio^  ;  they 
may  become  ulcerated  aud  'severe  ""or  even  fatal  Jigemorrhage  may 
result.  Fatal  bTeeding  may  occur  in  other  Sometimes 

an  aaieui^yihalpf^f^^^  into  the^.sophagus,  though  this 

'  is  relatively  rare  on  account  dfTIie  nidBiHt^ ofTheTube.  A  foreign 
body,  especially  a  fish  bone  or  open  safety-jpin,  may  be  impacted 
tans vmSIy  in  the  oesophagus  and  ulcerattahrough  the  wall  causing 
suppurative  mediastinitis  or  empyema  ;  we  have  also  seen  several 
cases  in  which  peiTorafion  of  tSAaor^^^  in  this  way. 

Also  a  carcmoma  of  the  oesophagus,  espeeially  of  the  soft  necrotic 
variety,  may  ulcerate  into  thA  aorta  or  other  large  vessel. 

Digestion  of  the  (Esophagus.  This  is  met  with  in  two  forms, 
one  being  a  post-mortem  and  the  other  an  ante-mortem  occurrence. 
The  former,  which  has  been  longer  recognised,  is  associated  with  post¬ 
mortem  digestion  of  the  stomach  ;  the  mucous  membrane  of  the 
lower  part  of  the  cesophagus,  which  is  usually  relaxed,  is  discoloured, 
softened  or  it  may  be  shreddy.  But,  as  pointed  out  by  Pringle  and 
Teacher,  ante-mortem  digestion  is  by  no  means  uncommon.  It  is 
characterised  during  life  by  haematemesis  and  may  lead  to  a  fatal 
result  by  acfual  perforation  of  the  tube.  They  have  met  with  it 
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especially  in  severe  toxic  and  infective  conditions,  particularly  after 
operation,  and  regard  it  as  due  to  the  passage  of  gastric  contents 
with  very  acid  reaction  into  the  lower  part  of  the  oesophagus.  The 
wall  of  the  oesophagus  in  this  region  shows  brownish  discoloration 
and  is  in  various  stages  of  destruction  ;  perforation  may  take  the  form 
of  a  longitudinal  slit,  or  the  wall  may  be  more  extensively  destroyed 
so  that  there  is  a  large  aperture  of  communication  with  the  tissues 
outside.  When  the  contained  fluid  has  entered  a  pleural  sac,  as  is 
not  infrequently  the  case,  the  pleural  membrane  is  the  site  of  numerous 
hsemorrhages  and  shows  early  inflammatory  change.  A  feature  of 
the  condition  is  that  there  may  be  extensive  digestion  of  tlie  tube 
whilst  the  adjacent  part  of  the  stomach  wall  is  practically  unaflected. 
From  the  conditions  present  it  may  be  possible  to  recognise  the  diges¬ 
tion  as  an  ante-mortem  occurrence,  but  sometinu's  this  (ran.  only  be 
determined  by  finding  evidence  of  reaction  in  tlu^  tissues  on.  micro- 
s  copi  c  examination . 

This  may  be  regarded  as  an  acutely  fatal  form  of  peptic  ulceration, 
but  undoubtedly  less  severe  degrees  of  peptic  ulceration  also  occur 
and  may  give  rise  to  a  chronic  relatively  superficial  ulcer  just  above 
the  cardiac  orifice.  More  rarely  a  chronic  peptic  ulcer  with  deep 
excavation  like  that  seen  in  the  stomach  and  duodenum  is  met  with, 
and  is  accompanied  by  dysphagia  and  some  degree  of  stricture. 
Bennie,  Land  and  Park  have  shown  that  such  cases  occur  almost 
invariably  in  association  with  herniation  of  the  stomach  through  the 
diaphragm— so-called  thoracic  stomach  and  short  oesophagus— but 
the  shortening  originally  thought  by  Findlay  and  Brown  Kelly  to  be 
congenital  is  probably  in  the  majority  of  cases  the  result  of  the  hiatus- 
hernia  and  continued  peptic  ulceration  with  fibrosis.  In  some  cases 
peptic  ulcer  of  the  oesophagus  may  take  origin  in  heterotopic  gastric 
mucosa  (Lyall). 

Stenosis  and  Dilatation.  Obstruction  of  the  oesophagus  may  be 
organic  or  functional  The  former  may  be  produced  by  a  tumour 
projecting  into  the  lumen,  rarely  a  simple  growth,  more  frequently 
carcinoma  ;  in  a  malignant  case,  the  obstruction  may  become  less 
marked  owing  to  the  disintegration  of  the  growth,  and  thus  a  decep- 
tive  appearance  of  improvement  may  result.  When  the  cancer  is 
of  the  more  slowly  growing  variety,  marked  stenosis  of  the  tube  may 
follow  ;  and  a  similar  effect  may  be  the  result  of  healing  of  an  ulcera¬ 
tive  lesion  set  up  by  a  chemical  irritant  accidentally  swallowed,  by 
chronic  peptic  ulceration  and  occasionally  by  syphilis.  Obstruction 
is  often  caused  from  outside,  e.g.  by  an  aneurysm  or  by  a  tumour 
at  the  root  of  the  lung  ;  it  is  at  times  the  result  of  spasm  at  the  lower 
end.  In  all  these  conditions,  if  the  obstruction  lasts  for  some  time, 
the  part  of  the  tube  above  usually  undergoes  a  certain  amount  of 
dilatation  and  its  wall  becomes  hypertrophied.  Variations  in  the 
lumen  occur  as  congenital  abnormalities  ;  sometimes  there  is  a  general 
dilatation  of  the  oesophagus,  sometimes  a  local  one,  especially  at  the 
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lower  end.  Stenosis  also  may  occur  as  a  congenital  condition  ;  it 
may  be  general  or  involve  only  one  segment. 

Functional  Obstruction.  There  is  an  important  form  of  dila- 
tation  of  the  oesophagus — 

(EsopJiag ectasia  —  due  to  muscular 
constriction.  The  condition  is  also 
known  as  achalasia  of  the  oesophagus 
and  cardiospasm.  It  develops 
usually  in  early  adult  life  and  leads 
to  dysphagia  with  regurgitation  of 
food  ;  later  there  may  be  serious 
obstruction.  The  constriction  is 
at  the  diaphragm  and  much  dila¬ 
tation  of  the  oesophagus  with 
muscular  hypertrophy  of  its  wall 
results.  There  has  been  discussion 
as  to  whether  the  constriction  is 
due  to  spasm  or  to  failure  to  relax 
(achalasia),  but  in  either  case  there 
is  nervous  inco-ordination  with 
relative  overaetion  of  the  sympa¬ 
thetic.  Recently  resection  of  the 
sympathetic  fibres  has  led  to  relief 
of  the  condition  in  a  number  of 
cases. 

It  may  be  recalled  that  dys¬ 
phagia  may  occur  from  functional 
constriction  at  the  upper  end  of 
the  oesophagus  in  anaemic  women 
(p.  498).  It  is  now  generally  re¬ 
garded  as  due  to  the  spasm  of 
the  crico-pharyngeus  portion  of 
the  inferior  constrictor  of  the 
pharynx. 

Diverticula.  Local  dilatations  are  sometimes  met  witli  in  connection  with 
the  oesophagus,  and  of  these  there  are  two  varieties,  namely  the  pulsion  diver- 
ticidiim  and  the  traction  diverticulum.  The  former,  as  its  name  implies,  is  caused 
by  forcible  distension,  especially  during  the  act  of  swallowing.  It  is  usually 
not  noticeable  till  early  adult  life  but  the  origin  of  the  condition  may  depend 
on  a  congenital  weakness  or  deficiency  in  the  muscle.  The  diverticulum  is 
between  two  portions  of  the  inferior  constrictor  of  the  pharynx  ;  it  is  accordingly 
really  pharyngeal  although  it  is  often  spoken  of  as  oesophageal.  Once  a  diver¬ 
ticulum  has  formed,  as  may  result  from  stretching  of  the  deficiency  in  the  wall 
by  a  bolus  of  food,  it  tends  to  increase  in  size.  It  becomes  distended  with  food 
during  deglutition  and  gradually  extends  in  a  downward  direction  behind  the 
wall  of  the  (nsopliagus  tilting  the  tube  forwards  so  tliat  the  mouth  of  the  sac 
comes  to  lie  in  line  with  the  upper  pharynx.  Ultimately  there  comes  to  be  a 
permanent  collection  of  food  in  it  and  the  sac  may  reach  a  large  size  and  thus 
prevent  the  onward  passage  of  food  to  the  stomach.  Extreme  emaciation  may 


Fig.  334.— Achalasia  of  oesophagus. 
Note  the  great  dilatation  with  anmerous 
superficial  ulcers,  x  f. 
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ensue.  Such,  a  diverticulum  is  lined  by  mucous  membrane  supported  by  con¬ 
nective  tissue,  but  its  wall  usually  contains  no  muscle  ;  occasionally  ulceration 
may  take  place  in  it.  A  diverticulum  may  also  occur  anteriorly  and  bulge 
between  the  trachea  and  the  oesophagus  ;  but  much  more  frequently  the  sit© 
is  in  the  posterior  v?all  at  the  junction  of  the  pharynx  and  oesophagus. 

The  traction  diverticulum  of  the  oesophagus  is  usually  produced  by  the  con¬ 
traction  of  connective  tissue  pulling  the  wall  outwards.  It  is  most  freqxiently 
the  result  of  a  mass  of  calcified  tuberculous  lymph  nodes  becoming  adherent 
to  the  wall  of  the  tube  ;  occasionally  an  adherent  mass  of  silicotic  nodes  (uiuses 
the  condition.  A  pouch  with  sharp  apex  is  the  result,  and  this  is  stretchc'd  a,nd 
increased  both  by  the  contraction  of  the  connective  tissue  and  by  the  movemeni,s 
of  the  oesophagus.  The  important  point  is  that  ulceration  of  tlie  diverlhadum 
may  occur  and  may  lead  to  perforation,  and  then  the  (Bsophageal  contents  may 
gain  access  to  the  tissues  of  the  mediastinum  and  set  up  a  gangrenous 
inflammation  which  may  extend  to  the  pleura  and  other  parts. 

Such  are  the  usual  characters  of  the  diverticula  which  give  rise  to  serious 
results,  but  there  are  rare  cases  where  a  local  diverticulum  opposite  the  bifur¬ 
cation  of  the  trachea  is  due  to  a  congenital  abnormality,  arising  in  the  same  way 
as  a  communication  between  the  oesophagus  and  trachea  (p.  561),  but  of  minor 
degree.  The  congenital  nature  is  indicated  by  the  fact  that  sometimes  the 
pouch  is  lined  by  columnar  epithelium. 

Tumours.  Amongst  the  simple  growths,  lipoma,  fibroma,  and 
myoma  occur,  the  last  mentioned  occasionally  reaching  a  consider¬ 
able  size,  but  all  of  them  are  rare  ;  they  tend  to  project  into  the  lumen 
and  have  a  polypoid  form.  Papilloma,  which  may  appear  in  multiple 
form,  is  met  with,  but  it  also  is  uncommon.  Cysts  and  rhabdomyoma 
may  be  mentioned  as  of  rare  occurrence  and  resulting  from  congenital 
abnormalities. 

Of  the  malignant  growths,  carcinoma  is  by  far  the  commonest  and 
is  comparatively  frequent.  It  is  met  with  in  the  later  years  of  life, 
usually  after  the  age  of  forty-five,  and  is  much  commoner  in  men  than 
in  women.  The  commonest  site  is  at  the  level  of  the  bifurcation  of 
the  trachea,  the  upper  and  lower  ends  of  the  oesophagus  being  next 
in  order  of  frequency.  There  is,  however,  a  distinct  difference  in  the 
sites  of  incidence  in  the  two  sexes.  Kelly,  for  example,  found  that 
of  his  cases  of  cancer  in  the  hypopharynx  and  upper  end  of  the  03S0- 
phagus  75  per  cent,  occurred  in  women,  whereas  of  oe,sophageal  cancer 
elsewhere  over  80  per  cent,  occurred  in  men.  It  is  interesting  to  note 
that  recent  observations  in  Sweden  and  Holland  show  that  in  a  high 
proportion  of  post-cricoid  cancers  in  women  the  disease  has  followed 
microcytic  anaemia  with  dysphagia  (p.  498).  The  growth  presents 
considerable  variations  in  its  character,  but  we  may  say  there  are  two 
chief  types,  viz.  a  hard  contracting  type,  and  a  soft  or  encephaloid 
type.  The  former  is  usually  comparatively  localised,  and  by  its  growth, 
round  the  tube  and  the  resulting  contraction  a  considerable  degree 
of  stenosis  is  produced.  The  softer  varieties  involve  a  greater  extent 
of  the  oesophagus,  form  irregular  x^rojeetions  into  the  lumen,  and  thus 
tend  to  cause  obstruction  (Fig.  335.)  At  the  same  time,  the  destruc¬ 
tion  of  the  muscular  tissue  by  infiltration  interferes  with  the  power 
of  contracting.  The  growth  not  infrequently  spreads  upwards  and 
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downwards  in  the  submucous  tissue  and  forms  secondary  growths 
which  raise  up  the  mucosa  ;  in  this 
w'ay  an  appearance  as  of  multiple  foci 
of  growth  may  be  produced.  In  the 
majority  of  cases  the  tumour  is  a  poorly 
keratinised  squamous  epithelioma,  occa¬ 
sionally  it  is  a  small- cell  carcinoma  with 
solid  alveolar  arrangement :  the  occurrence 
of  adeno- carcinoma  also  has  been  described. 

In  addition  to  causing  obstruction,  the 
tumour  may  produce  important  results 
by  extension  to  adjacent  parts.  It  may 
spread  to  the  trachea  or  a  bronchus,  and 
ulcerate  through  the  wall.  Decomposing 
fluids  then  are  hkely  to  pass  down  the 
bronchi  and  give  rise  to  septic  or  gan¬ 
grenous  pneumonia.  In  other  cases,  though 
less  frequently,  ulceration  into  the  aorta 
may  result  in  fatal  hsemorrhage.  Secondary 
growths  occur  in  the  lymph  nodes,  and 
occasionally  also  in  the  internal  organs,  e.g. 
the  liver  ;  but  death  is  usually  caused  by 
the  local  lesions.  Sarcoma  of  the  oesophagus 
is  relatively  rare.  In  character  it  re¬ 
sembles  the  softer  varieties  of  cancer,  but 
its  growth  may  be  more  massive.  In  a 
few  instances  rhabdomyoma  of  the  oesophagus  has  presented  malig¬ 
nant  characters. 
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Fig.  335. — Extensive 
ulcerating  carcinoma 
in  middle  part  of  ceso- 
phagus.  X  J. 


Congenital  Abnormalities.  In  addition  to  stenosis  or  dilatation  already 
mentioned,  there  may  be  various  degrees  of  atresia  of  the  oesophagus.  The 
commonest  of  these  is  a  condition  in  which  the  upper  part  forms  a  blind 
sac  which  is  separated  from  the  lower  part,  while  the  latter  is  patent  and 
communicates  with  the  trachea  a  short  distance  above  its  bifurcation.  Some¬ 
times  a  minor  degree  of  abnormality  is  met  with,  the  oesophagus  being  patent 
throughout,  but  there  is  a  communication  of  quite  small  size  with  the  trachea 
at  the  site  mentioned.  In  such  a  condition  material  from  the  oesophagus  may 
pass  into  the  trachea  and  set  up  a  suppurative  or  gangrenous  pneumonia.  And, 
as  has  been  mentioned,  merely  a  small  pouch  or  depression  may  be  present  in 
the  resophagus,  representing  the  site  of  such  an  opening  which  has  become 
closed. 


THE  STOMACH 

If  we  compare  the  diseases  of  the  stomach  with  those  of  the  intes¬ 
tines,  we  find  that  the  most  important  difference  is  that,  whilst  in 
the  latter,  specific  bacterial  infections — typhoid,  dysentery,  etc.- — 
are  comparatively  common,  such  conditions  are  rarely  met  with  in 
the  stomach.  This  is  in  great  part  due  to  the  bactericidal  action  of 
the  gastric  juice,;  which  rapidly  destroys  most  spore-free  bacteria 
entering  with  the  food,  and  when  digestion  has  been  completed  and 
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the  contents  of  the  stomach  have  been  passed  on  to  the  intestine,  the 
normal  stomach  soon  returns  to  a  state  of  practical  sterility.  Organ¬ 
isms  in  the  food  may,  however,  escape  this  action  of  the  gastric  juice, 
especially  when  it  is  less  acid  than  normal,  so  that  they  reach  the 
bowel  in  a  living  condition  and  may  there  lead  to  infection.  There 
may  be  a  greater  resistance  of  the  mucosa  of  the  stomach  than  of 
that  of  the  bowel ;  in  any  case,  disease  of  the  stomach  is  rarely  of 
bacterial  origin  in  the  first  instance.  Improper  diet,  including  drink 
as  well  as  food,  and  various  states  of  general  malnutrition,  fevers, 
angemia,  etc.,  are  usually  the  conditions  which  lead  in  the  first  instance 
to  gastric  disorder.  If,  however,  the  stay  of  the  food  in  the  stomach 
is  prolonged,  and  this  is  accompanied  by  imperfect  digestion  as  is 
often  the  case  in  a  dilated  stomach,  there  may  occur  an  abundant  over¬ 
growth  of  organisms  of  various  kinds,  as  will  be  described  below. 

GIRGULATORT  DISTURBANGES 
Acute  congestion  is,  of  course,  caused  by  irritants  of  the  various 
kinds  which  lead  to  acute  catarrh,  but  its  presence  is  often 
obscured  by  post-mortem  change.  Chronic  congestion  occurs  in 
cardiac  and  pulmonary  disease  and  especially  in  obstruction  to  the 
portal  circulation  in  cirrhosis  of  the  liver.  The  mucous  membrane 
becomes  swollen  and  has  a  somewhat  purple  or  livid  appearance, 
and  towards  the  pylorus  there  may  be  a  slate-grey  coloration, 
or  minute  brown  points  resulting  from  capillary  hemorrhages  may  be 
present.  The  changes  of  chronic  catarrh  are  often  superadded.  In 
long-continued  portal  obstruction  there  may  be  marked  varicosity  of 
the  veins  around  the  cardiac  orifice  as  well  as  at  the  lower  end  of 

the  oesophagus,  and  serioxis 
hemorrhage  may  occur  from 
them.  Fig.  337  shows  a  large 
varix  produced  in  this  way, 
which  caused  fatal  hemorrhage. 

Haemorrhages  into  the  mucosa 
occur  in  a  variety  of  conditions 
— in  chronic  congestion,  in  pur¬ 
pura,  in  severe  anemia,  and  in 
infective  fevers,  etc.  Sometimes 
there  are  numerous  hemorrhagic 
points  of  the  size  of  pin-heads 
scattered  over  the  mucosa,  especi¬ 
ally  in  the  fundus,  and  they  often 
are  more  marked  along  the 
summits  of  the  folds.  They  are 
usually  of  a  dark  brown  colour 
and  the  mucous  membrane  over 
some  of  them  has  been  eroded  so 
rhages  and  erosions  in  stomach.  X  J.  that  minute  ulcers  are  formed. 
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The  term  hsemorrTiagic  erosion  is  applied  to  lesions  of  this  type 
(Fig.  336).  Some  of  the  erosions  may  be  free  from  pigment  owing 
to  its  being  removed  by  ulceration  ;  occasionally,  though  rarely, 
they  become  confluent  and  of  larger  size.  Haemorrhagic  erosions  are 
met  with  in  a  variety  of  conditions,  but  chiefl}^  in  chronic  hyperaemia 
and  in  septic  diseases.  They  are  commoner  in  children  than  in  adults  ; 
usually  they  are  preceded  by  vomiting,  and  it  would  appear  as  if 
they  were  then  the  result  of  mechanical  interference  with  the  circula¬ 
tion,  caused  by  the  muscular  contraction.  In  septic  conditions  small 
haemorrhages  are  sometimes  due  to  pluggmg  of  small  vessels  with 
cocci ;  we  have  seen  them,  for  example,  in  pneumococcal  septicaemia, 
but  in  such  cases  they  appear  mostly  to  be  the  result  of  toxic  action. 
Actual  bleeding  into  the  cavity  of  the  stomach  occurs  in  a  number 


Fig.  337. — Large  injected  varix  at  cardiac  orifice  of  stomach  from  a  case 
of  cirrhosis  of  the  liver. 

Fatal  liJEmorrtiage  occurred  from  the  perforation  seen  at  lower  end  of  cBsophagus. 


of  gross  lesions,  such  as  peptic  ulcer,  carcinoma,  varicose  veins  at 
cardia,  etc.  (Fig.  337).  It  occurs  in  splenic  ansemia  and  in  haemor¬ 
rhagic  disease  of  the  new-born.  There  may  be,  however,  a  consider¬ 
able  amount  of  diffuse  haemorrhage  from  the  mucous  membrane 
without  any  discoverable  breach  of  continuity  or  from  trivial  lesions  ; 
this  is  seen,  for  example,  in  severe  septic  conditions,  in  yellow  fever 
where  it  gives  rise  to  '  black  vomit,’  in  cases  of  toxic  jaundice,  and 
occasionally  without  discoverable  cause  as  an  agonal  event.  The 
blood  effused  into  the  stomach  becomes  mixed  with  its  contents  and 
acquires  a  brownish  or  almost  black  colour,  or  there  may  be  fragments 
of  brownish  coagulum  mixed  with  the  fluid.  In  cases  of  rapidly  fatal 
hsemorrhage,  however,  the  stomach  may  be  filled  by  a  large  coagulum 
which  forms  a  cast  of  the  interior,  and  the  colour  of  the  blood  may 
be  little  altered.  Such  a  condition  may  result  also  when  the  blood 
has  passed  down  from  the  oesophagus,  for  examiDle,  from  the  bursting 
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of  an  aneurysm  into  the  lumen.  Severe  haemorrhage  arising  in  the 
stomach  is  usually  the  result  of  gastric  ulcer  or  ulceration  of  varicose 
veins  ;  it  is  comparatively  uncommon  in  carcinoma.  When  tliere 
has  been  a  consiclerable  luemoi'itiage  into  the  stoniacly  there  is 
generally  to  be  found,  post  mork/m,  altered  blood  in  the  small  intestine 
and  generally  in  tlie  large  intestine  also. 


INFLAMMATORY  CONDITIONS 

(A)  Acute  Gastritis.  The  swallowing  of  irritants,  hot  fluids, 
alcohol  in  excess,  unsuitable  food  with  subsequent  fermentative  change, 
etc.,  may  set  up  an  acute  gastric  catarrh.  This  may  also  occur  in 
acute  fevers,  notably  in  abdominal  influenza,  and  in  acute  food.  |)oison- 
ing.  Xo  doubt  the  ordinary  changes  seen  in  a  mucous  membrane  are 
present,  though  it  is  difficult  to  flnd  them  in  clear  form  owing  to  post¬ 
mortem  changes.  Superficial  necrosis  of  the  mucosa  with  librinous 
exudation,  constituting  a  membranous  or  croupous  gastritis,  may  occur 
also,  but  apart  from  the  action  of  chemical  irritants,  it  is  rat‘e  ;  it  is 
sometimes  met  with  in  septicsemic  conditions  and  fevers,  e.g.  typhoid  ; 
and  true  diphtheria  of  the  stomach  also  has  been  described.  Another 
form  called  phlegmonous  gastritis  is  very  uncommon,  but  it  possesses 
characteristic  features.  It  is  described  as  appearing  in  two  forms,  a 
diffuse  and  a  localised,  and  it  is  produced  by  the  entrance  of  organisms, 
usually  streptococci,  through  an  ulcer  or  some  small  lesion  in  the 
mucosa,  the  organisms  afterwards  extending  widely  in  the  submucosa 
and  causing  intense  inflammation  with  fibrinous  or  semi-purulent 
exudate.  The  affected  parts,  which  may  be  of  great  extent,  have  a 
thickened  and  stiffened  character,  and,  on  section,  the  mucous  mem¬ 
brane  is  seen  to  be  raised  by  the  yellow  phlegmonous  infiltration 
underneath.  Phlegmonous  gastritis  is  believed  to  occur  especially 
in  alcoholics,  but  we  have  seen  three  examples  associated  with  sharp 
foreign  bodies  in  the  stomach. 

(B)  Chronic  Catarrh.  This  is  a  relatively  common  condition, 
and  in  most  cases  it  is  associated  with  thickening  of  the  mucous 
membrane,  especially  in  the  pyloric  segment.  It  may  result  from 
chronic  alcoholism,  the  fermentations  of  chronic  dyspepsia,  the 
swallowing  of  septic  material  from  the  mouth,  etc.  Its  occurrence 
is  favoured  by  chronic  venous  congestion — as  in  portal  obstruction 
or  in  cardiac  disease.  The  mucous  membrane  aff“ected  becomes 
thickened  and  rather  firmer,  and  its  surface  is  somewhat  granular 
showing  slight  elevations  or  even  nodosities— the  so-called  etat 
mamslonne  of  French  writers  (Fig.  338).  Magnus  has,  however,  shown 
that  this  appearance,  is  probably  not  pathological.  The  mucosa  often 
presents  a  slate-grey  colour,  due  to  pigment  derived  fro?n  small 
haemorrhages  into  its  substance,  and  the  surface  is  covered  with  tena¬ 
cious  mucus.  Such  a  condition  may  be  present  also  in  the  first  part 
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of  the  duodenum.  Minute  mucous  cysts  may  be  present  in  the 
affected  mucosa  from  obstruction  of  the  orifices  of  dhe  glands,  and 
occasionally  small  polypoid  growths  may  be  present.  In  rare  instances 
the  latter  may  be  numerous  and  increase  in  size,  so  that  the  lining  of 
the  stomach  becomes  studded  with  polyiDoid  masses  (Fig.  347).  In 
cases  of  chronic  catarrh,  ulcers  or  superficial  erosions  may  sometimes 
be  formed — catarrhal  ulcers  ]  they  may  arise  from  dilated  glands, 
lymphoid  follicles  or  ^Dossibly  from  small  haemorrhages. 

On  Microscopic  Examination  of  the  stomach  wall  in  chronic 
catarrh  there  is  seen  to  be  considerable  desquamation  of  the  surface 
epithelium  and  of  the  lining  of  the  upper  parts  of  the  glands.  There 
is  also  new  formation  of  connective  tissue  and  blood  vessels  with 
leucocytic  infiltration,  especially  lymphocytes  and  plasma  cells,  these 


Fig.  338. — Portion  of  stomach  wall  in  chronic  catarrh,  showing 
irregular  and  nodular  thickening  (etat  mamelonne).  x 

changes  being  most  marked  in  the  superficial  part  of  the  mucosa  ; 
in  fact,  in  this  region  many  of  the  glands  may  have  disappeared 
(Figs.  339,  340).  The  configuration  of  the  glands  becomes  irregular, 
some  being  atrophied,  others  enlarged  and,  it  may  be,  dilated  to 
form  small  cysts;  many  of  the  secreting  cells  become  changed  to 
mucin-forming  goblet  cells,  and  areas  of  metaplastic  intestinal 
epithelium  are  not  uncommon.  The  chronic  inflammation  may  extend 
to  the  deeper  coats  and  lymph  follicles  with  germinal  centres  appear. 
It  is  hardly  necessary  to  point  out  that  when  such  structural  changes 
have  occurred  a  return  to  normal  is  no  longer  possible. 

Another  important  lesion  is  simple  gastric  atrophy,  affecting 
especially  the  fundus,  the  pyloric  segment  being  relatively  healthy. 
It  is  sometimes  said  to  be  the  sequel  of  the  above  described  form, 
but  we  do  not  thiuk  this  is  usually  the  case.  There  is  clear  evidence 
that  a  constitutional  element  is  concerned..  The  mucous  membrane 
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becomes  much  thinned  and  abnormal^  smooth,  and  there  is  marked 
atrophy  of  the  glands,  while  inflammatory  changes  are  virtually 
absent.  It  may  be  associated  with  dilatation  of  the  stomach,  but 
whether  as  cause  or  effect,  is  often  doubtful.  The  condition  is  of 
obscure  nature  and  may  be  of  neuropathic  origin  or  due  to  lack  of 
something  necessary  for  maintenance  of  the  mucosa  in  a  healthy  state. 
It  leads  to  achlorhydria  and  complete  achylia,  and  is  the  underlying 
basis  of  pernicious  ansemia. 

These  changes  are  of  great  importance  in  view  of  their  effects  on 
the  gastric  secretion.  The  effects  vary  in  degree  and  kind,  thus  : — 
{a)  varying  degrees  of  hypochlorhydria  up  to  achlorhydria,  (b)  the 


Fia.  339. — Chronic  gastric  catarrh.  Fig.  340. — Simple  gastric  atrophy, 
The  surface  is  covered  with  a  layer  of  mucus,  showing  marked  thinning  of  mucosa 
the  glands  are  reduced  in  size  and  in  number,  and  j- irregularity  of  the  glands, 

and  their  epithelium  is  of  degraded  type,  with  w 

loss  of  specialised  cells ;  there  is  extensive  in- 
filtration  of  lymphocytes  and  plasma  cells  in  the 
mneosa  and  suhmncosa.  x  50. 

rare  condition  of  complete  achylia — absence  of  digestive  ferments 
along  with  achlorhydria — and  (c)  absence  of  the  intrinsic  factor  neces¬ 
sary  for  normal  hsemopoiesis  resulting  in  pernicious  anaemia,  this  being 
associated  usually  with  (6). 

The  term  cirrhosis  of  the  stomach  has  been  applied  to  a  condition 
in  which  there  is  a  more  or  less  general  fibrosis  with  stiffening  of  the 
stomach  wall,  resulting  in  what  has  been  called  '  leather-bottle 
stomach.'  The  term  linitis  plastica  also  has  been  applied.  Such  a 
condition  is,  however,  usually  due  to  diffusely  spreading  carcinoma 
(p.  578)  ;  in  fact  it  has  always  been  so  in  our  experience.  The  possi¬ 
bility  that  it  may  also  be  produced  by  an  inflammatory  condition 
must,  however,  be  admitted.  It  might  conceivably  result  from 
healing  of  a  phlegmonous  gastritis,  if  this  occurs.  Localised  fibrosis 
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of  course  occurs  in  connection  with  a  chronic  ulcer,  and  may  some- 

times  spread  widely. 

Action  of  Corrosive  Poisons.  Only  the  main  facts  with  regard  to  these 
can  be  given.  If  we  consider  first  the  effects  of  the  more  powerful  corrosives 
which  produce  much  necrosis  of  tissue,  we  may  say  that  there  are  three  types 
of  change  : — 

(A)  Mineral  acids  cause  extensive  destruction  of  the  stomach  wall  attended 
by  much  haemorrhage  and  sometimes  by  actual  perforation.  Sulphuric  acid 
is  specially  destructive  ;  some  of  the  parts  may  be  almost  black  or  charred  in 
appearance,  whilst  in  others  less  affected,  extravasated  blood,  variously  altered, 
may  be  present.  Perforation  is  not  uncommon  and  the  effects  of  diffusion  of 
the  acid  into  neighbouring  parts  are  often  evident.  The  action  of  hydrochloric 
acid  is  less  intense ;  haemorrhage  may  be  marked  and  widespread,  or 
necrotic  areas  of  paler  colour  may  be  present.  Nitric  acid  usually  causes 
a  brownish-yellow  or  greenish  colour  owing  to  the  formation  of  xantho- 
protein. 

(B)  The  second  type  of  action  is  extensive  necrosis  with  softening  of  the 
tissues,  and  is  seen  in  the  case  of  the  caustic  alkalis.  Portions  of  the  stomach 
wall  may  be  changed  into  soft  necrotic  material  of  somewhat  gelatinous  appear¬ 
ance  ;  here  also  perforation  may  occur. 

(C)  The  third  type  of  action  is  coagulation  of  the  tissue  proteins,  by 
which  the  lining  of  the  stomach  becomes  fixed,  and  the  cellular  structure  may 
actually  be  preserved.  This  is  well  seen  in  carbolic  acid  poisoning,  where  the 
mucosa  has  a  stiff  corrugated  appearance  and  a  greyish  colour.  It  is  pro¬ 
duced  also  by  corrosive  sublimate,  and  we  found  it  to  be  a  well-marked  feature 
in  a  case  of  poisoning  with  a  strong  solution  of  zinc  chloride. 

A  large  number  of  poisons  of  less  intense  action  produce  chiefly  inflammatory 
changes  attended  with  a  varying  amount  of  haemorrhage,  superficial  necrosis, 
or  membranous  exudate.  To  this  group  belong  weaker  acids,  such  as  oxalic 
acid  or  acetic  acid,  various  metallic  salts,  arsenic,  antimony,  etc.  Arsenic 
(arsenious  acid)  causes  an  intense  inflammation  with  white  patches  of  tenacious 
mucus  or  exudate  in  which  collections  of  the  poison  are  present.  Antimony 
causes  a  general  acute  inflammation,  whilst  in  phosphorus  poisoning  there 
are  usually  haemorrhages  and  fatty  degeneration  in  the  mucosa.  For  details, 
however,  special  works  on  toxicology  must  be  consulted. 

specific  Infections.  These  are  comparatively  rare  in  the 
stomach  as  compared  with  the  bowel,  and  this  is  due  largely  to  the 
fact  that  most  spore-free  organisms  are  killed  by  the  action  of  the 
gastric  juice.  Small  typhoid  ulcers  arising  in  the  lymphoid  tissue 
have  occasionally  been  met  with,  but  they  are  very  rare.  Primary 
anthrax  lesions  produced  by  swallowing  the  spores  have  occasionally 
been  observed  ;  they  present  characters  similar  to  those  in  the  small 
intestine.  Ttiberaidous  ulcers  are  met  with,  but  they  are  relatively 
uncommon ;  they  are  seen  especially  in  children  with  pulmonary 
cavities.  The  ulcers  are  usually  superficial  and  of  small  size,  and 
their  mode  of  formation  and  general  characters  correspond  with 
those  of  tuberculous  ulcers  of  the  intestines.  They  are  apparently 
the  result  of  swallowing  bacilli,  but  some  writers  suppose  that  they 
may  be  of  haamatogenous  origin.  Syphilitic  lesions,  though  rare, 
occur  both  in  the  congenital  and  acquired  forms  of  the  disease.  In 
the  latter,  the  lesion  starts  in  the  submucosa  in  the  form  of  a  diffuse 
infiltration  or  gummatous  mass,  and  secondary  ulceration  may  follow. 
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The  lesion  may  sometimes  reacli  a  considerable  size  and  may  simulate 
carcinoma  ;  sometimes  hrematemesis  may  be  produced  and  a.clilor- 
liydria  may  be  ])resent.  Spirochretes  have  been  found  in  sucli  lesions, 
JMcNee,  so  that  there  is  no  doid")t  UiS  to  their  nature.  Xlie 
histological  changes  correspond  with  those  syphilitic  lesions  elsewhere. 
/  Peptic  Ulcer.  The  occurrence  of  hsemorrhagic  erosions  and 
catarrhal  ulcers  has  already  been  described,  but  the  all-important 
form  of  ulceration  of  the  stomach  is  that  in  which  the  action  of  the 
gastric  juice  is  concerned.  It  is  thus  called  pepic  ulcer,  though 
frequently  spoken  of  sinqdy  as  gastric  ulcer.  This  form  of  TilceT-ation 
is  met  with  not  only  hi  tlifi,^stomach  l)ut  in  other  paids  exposed  t(^tho 
action  of  the  gastric  luice,  that  is,  in  the  first  part  of  the  duodenum 
or  duodenal  bulb,  ami  occasionally  at  the  lower  end  of  the  tesot)hagus. 
It  is  not  infrequent  in  a  Meekers  diverticulum  ])artially  lined  by 
gastric  mucosa  and  we  have  seen  it  in  heterotopic  gastric  mucosa  at 
the  umbilicus.  Further,  in  cases  where  gastro-jej unostomy  has  been 
performed,  ulceration  occasionally  o(*curs  in  the  part  of  tlu^ 
wall  exposed  to  the  action  of  the  gastric  juice,  especually  i^iien  thc;^ 
aridity  of  the  latter  is  increased^  Gastric  ulcer  is'often  stated  to  ])e 
commoner  in  women  than  in  men.  Eecent  statistics,  however,  show 
that  it  is  commoner  in  the  male  sex  than  was  formerly  supposed,  and 
according  to  some  writers  the  incidence  in  the  two  sexes  is  appi‘oxi- 
mately  the  same.  It  is  possible  that  variations  in  this  respec'.t  may 
occur  in  different  localities  according  to  the  conditions  of  life.  Our 
own  experience  is  that  gastric  ulcer  is  now  less  frequent  in  women 
than  formerly  and  this  is  probably  due  to  the  rarity  of  chlorosis,  a 
condition  with  which  it  was  often  associated.  There  is  no  doubt, 
however,  that  duodenal  ulcer  is  distinctly  more  frequent  in  the  male 
than  in  the  female  sex,  the  proportion  being  about  3  :  1.  In  the 
male,  duodenal  ulcer  is  distinctly  commoner  than  the  gastric 
form. 

Vahietibs.  Any  distinction  of  types  of  ulcer  must  be  artificial 
as  intermediate  varieties  occur,  but  we  may  follow  Stewart’s  classifica¬ 
tion  and  recognise  three  main  classes — (a)  acute,  (6)  subacute,  and 
(c)  chronic.  Acute  ulcers  involve  only  the  mucosa  and  sub  mucosa  *, 
they  are  usualF^mali,  ^but  occasionally  may  reach^  a  corisiderable 
size.  They  may  be  single,  mxiltiple  or  in  large  imm^  Unlike 
the  chronic  forms,  they  have  a  wide  distribution  and  the  general 
result  is  healing  without  visible  scar.  The  subacute  ulcers  are  fewer 
in  number  and  not  infrequently  single.  They  "extend  down  to  the 
muscular  coat  and  may  even  partly invade  it,  and^  like  the  chronic 
type,  are  commonest  in  the  lesser  curvature.  TKe  chronic  gastric 
ulcer  is_ solitary  in  the  .vast  majority  of  cases j  "Ktewart  found  two 
chronic  ulcers  in  less  than  3  per  cent,  of  his  cases  and  never  more 
than  two.  It  is  generally  agreed  that  the  commonest  site  of  chronic 
ulcer  is  the  lesser  curvature  from  two  to  four  inches  from  the  pylorus  ; 
next  in  frequency  comes  the  pyloric  canal,  while  other  sites  are  rare. 
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Stewart  estimates  the  minimum  age  of  a  ‘  chronic  ’  ulcer  to  be  two 
months  and  regards  complete 
breach  of  the  muscular  coat  as 
one  of  its  most  important  features. 

The  acute  peptic . ulcer^  rarely  pro¬ 

duce  any  definite  symptom  except 
hiBmorrhage,  which  occasionally 
may  be  severe.  But  an  ulcer  of 
this  type  may  occasionally  lead  to 
comparatively  rapid  perforation. 

Such  an  ulcer,  which  may  suitably 
be  called  ‘  acute-perforating,’  was, 
according  to  Muir’s  experience, 
much  more  common  fifty  years  ago 
than  it  is  now,  and  appeared  to  be 
especially  related  to  chlorosis.  It 
would  also  appear  to  us  that 
duodenal  ulceration  is  commoner 
than  it  used  to  be  and  especially 
that  comparatively  large  chronic 
duodenal  ulcers  are  more  frequent 
a  distinct  change  with  regard  to  the  incidence  of  different  types  of 
peptic  ulcer.  W^e  shall  now  give  an  account  of  the  characters  of 
peptic  ulcers,  selecting  the  acute-perforating  ulcer  and  the  chronic 


Fig.  341. — Acute  gastric  ulcer  with 
perforation.  Nat.  size. 

It  seems  that  there  has  been 


ulcer  as  types. 

Structural  Chais-g-es.  An  ulcer  of  the  acute-perforating  variety 
is  usuah^Tr^nd  or  slightly  pval  in  shai3e  and  is  not  often  larger  than 
1-1 -5  cm.  in  diameter.  Its  margin&-.axn.».^^  and  it 

has  a  nunched-out  appearance  (Fig.  341).  Such  an  ulcer  may  have 
penetrated^  the  wliole  thickness  of  the  wal^ ;  in  which  case,  when 
Y^^ed^vom  the  insrde  it  a  terraced  appearance  owing  to 

the  fact  that  the  apertures  in  the  dijfferent  coats 
w^hm».Qutwards.  Thrs'ls”l¥e''ty^^^  aciite^ulcerjv^i 

gives  rise  to  perforation,  but  Stewart  states  that  it  is  the  perforation 
rather  than  the  ulcer  that  is  acute,  and  he  points  out  that  most  acute 
perforating  ulcers  are  really  subacute.  It  is  usually 

the  duodenuni  and  there 
is  little  doubt  that  the  liability  to  perforation  is  associated  with  the 
lack  of  support  at  these  sites.  It  may  be  solitary,  but  is  sometimes 
associated  with  other  ulcers  in  an  earlier  stage  of  formation  or  with 
a  more  chronic  ulcer  on  the  posterior  wall  or  lesser  curvature.  Xlhser^ 
of  the  chronic  type  rc^ach  a  much  greater. .sizie  ;  t^ie  largest  are  usually 
somewhat  oval  and  may  measure  5  cm.  or  even  more  in  the  long 
axis  (Fig.  342).  The  uiccn*  may  still  bu  bounded  j)y  the  outer  part 
of  the  stomach  wall^  and  in  this  (*ase  its  floor  is  usually  srnootli  and 
fibrous  while  the  tissue  around  is  somewhat  indurated.  More  fre¬ 
quently,  however,  fibrous  adhesions  are  prescuit  over  the  ulcer  and  its 
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base  is  firmly  fixed  ;  when  the  ulcer  has  become  hxrgt;.  it  nia^y  have 
extended  right  through  the  wall  into  some  adjax'ent  part,  usually  the 
pancreas  or  liver.  It  may  occasionally  burrow  through  the  diaphragm 
or  even  into  the  howel.  When  this  extreme^  stagt^  has  Ixam  rc‘a(*.lied, 
the  margin  is  fiiirly  smooth  and  overhangs  som(n\'hat,  tlu'  uhau:  is 
deep,  and  its  floor  is  firm  and  often  irregular  or  nodular,  being  con¬ 
stituted  by  a  fibrosed  layer  of  the  viscus  which  has  been  involved. 
Perforation  in  this  chronic  type  is  often  prevented  by  fibrous  thickening 
and  adhesions,  but  occurs ‘in  about  a  third  of  cases,  usually  at  one 
margin  of  the  ulcer.  Occasionally  the  actual  rupture  may  be  ])ro- 
duced  mechanically,  for  example,  by  stretching  the  body,  especially 
when  the  stomach  is  distended  with  food.  Erosion  of  a  large  artery 


Fig.  342. — Large  chronic  gastric  ulcer  from  posterior  wall  near  lesser 

curvature. 

The  nodular  floor  is  constituted  by  indarated  pancreatic  tissue,  x 

in  the  floor  of  a  chronic  ulcer  is  a  not  nncommon  occurrence  and  may 
lead  to  fatal  haemorrhage. 

picers  in  ^  duodenum  have  the  same  general  characters  as  those 
in  the  stomach,  but  do  not  reach  so  great  a  size.  The  acute-perforat¬ 
ing  type  is  a  small  ulcer  of  about  5-8  mm.  in  diameter,  which  may 
penetrate  the  whole  wall,  the  appearance  heiug  as  if  a  small  hok^ 
had  been  punched  out.  Chronic  duodenal  ulcers  are,  however,  as  a  rule 
much  larger  (Fig.  345),  and  those  on  the  posterior  wall  are  larger  than 
those  on  the  anterior.  Usually  there  is  a  single  xilcer  either  on  the 
anterior  or  on  the  posterior  wall,  but  Stewart  found  two  ulcers  present 
in  about  17  per  cent,  of  the  cases.  Not  infrequently,  two  ulcers  oppose 
one  another  at  a  corresponding  level,  the  so-called  ^  kissing  ulcers,' 
Perforation  is  almost  confined  to  ulcers  on  the  anterior  wall.  On 
the  other  hand,  severe  haemorrhage  usually  occurs  from  posterior  wall 
ulcers.  A  frequent  position  of  ulceration  is  the  upper  part  of  the 
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duodenum  just  beyond  the  pyloric  sphincter.  The  acute  type  of 
duodenal  ulcer  has  been  found  occasionally  in  young  infants  ;  we 
have  seen  several  examples  associated  with  lesions  of  the  midbrain. 
Wlien  a  peptic  ulcer  in  the  active  stage  is  examined  microj- 


I  r’.j-' . 


Fig.  343. — Early  chronic  gastric  ulcer,  showing  fihrotic  replacement 
of  muscular  coat.  (J.  S.  F.  N.)  X  7. 

sco])ically,  a  remarkable  feature  is  tlie  coi^aratiye 
nuitor’y  r>aeti(3u  in  eomiection  with,  it.  Tliere  may  be  some  ^ 
material  on  the  floor "and^at  the  margir^s,  also  some  leucocytic 
fration  with  eosino])hils  in  the  severed  muscular  coats,  but  the  ulcer 


Fig.  344. — Chronic  gastric  ulcer  at  later  stage,  showing  breach  of 
muscular  coat.  (J.  F.  H.)  X  7. 


on  the  whole  has  a  clean-cut  appearance.  In  the  chronic  st^e, 
there  is  a  poorly  formed  layer  of  gi-anulation  tissue  covered  b;^  a 
thin  zone  of  fibrinoid  necrosis  forming  the  lining  of  the  ulcer  crater  ; 
beneath  this  the  muscular  coat  Is  completely  infcrruiited  and  replaced 
hy  fibrous  tissue  which  spread s^around  forming  adhesions  to  adjacent 
structures.  In  the  floor  obliterative  changes  can  bo  seen  in  the 


572  TEXT>BOOK  OF  PATHOLOGY 

arteries.  The  muscular  coat  thus  ends  high  up  in  the  lateral  walls 

of  the  crater  (Fig.  344). 

Results.  (1)  Healing  and 
Cicatrisation,  The  acute  peptic 
ulcei's  usually  undergo  healing 
and  leave  no  visible  eieatrix. 
Healing  is  the  rule  also  in  the 
subacute  type  and  it  is  common 
too  in  the  chronic  type,  even  if 
the  ulcer  is  of  considerable  size, 
as  is  shown  by  the  presence  of 
scars  and  contractions. 

If  the  ulcer  has  been  com¬ 
paratively  superficial,  the  scar 
may  be  scarcely  noticeable  or 
there  may  be  merely  a  small  de¬ 
pression  with  smooth  whitish  sur¬ 
face  ;  if,  on  the  other  hand,  it 
has  penetrated  somewhat  deeply, 
there  is  often  a  radiating  indrawing  of  the  mucous  membrane  around, 
so  that  a  stellate  appearance  results  (Fig.  346).  The  healing  of  an 
ulcer  at  the  pylorus  often  leads  to  stenosis  of  the  opening  owing 
to  the  cicatricial  contraction,  and  considerable  dilatation  of  the 
stomach  may  follow.  In  such  a 
condition  the  muscle  of  the  pylorus 
is  apt  to  be  thickened  and  oedema- 
tous,  and  the  appearance  may 
suggest  the  existence  of  a  scirrhous 
carcinoma  ;  only  microscopic  exam¬ 
ination  can  determine  the  true 
nature  of  such  a  condition.  It  may 
be  noted,  however,  that  in  Stewart’s 
series  of  cases,  stenosis  of  the  pylorus 
was  more  frequently  of  duodenal 
than  of  gastric  origin,  being  caused 
by  a  chronic  ulcer  of  the  duodenum 
close  to  the  pylorus.  This  is  more 
hkely  to  happen  with  ulcers  on  the 
posterior  wall  as  they  tend  to  be 
larger.  Duodenal  stenosis  may 
occasionally  occur  in  a  similar  way  at  a  lower  level.  The  healing  of 
an  ulcer  in  the  lesser  curvature  may  be  attended  by  much  fibrous  over¬ 
growth  both  on  the  anterior  and  posterior  walls,  and  contraction  of  the 
tissue  may  produce  a  narrowing  of  the  stomach  about  its  middle  so  that 
an  ‘  hour^glass  ’  condition  results.  In  some  cases  the  chief  result  is  a 
shortening  of  the  lesser  curvature.  Stewart  found  that  ‘  hour-glass  ’  con¬ 
traction  was  rather  more  frequent  than  pyloric  stenosis  of  gastric  origin. 
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Fig.  346. — Healed  gastric  ulcer 
with  stellate  cicatrix,  x  C 


Fig.  345. — Large  chronic  ulcer  of  duo¬ 
denum  just  beyond  the  pylorus. 

The  ulcer  had  perforated  at  the  luargin,  as  is 
shown  by  the  piece  of  whalebone,  x  t’ 
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(2)  Perforation  ;  Septic  Infections.  In  the  second  place  perforation 
may  occur  or  various  inflammatory  and  suppurative  conditions  may 
be  x3roduced  by  bacterial  infection  from  the  ulcer.  In  some  cases, 
rax)id  perforation  may  take  jplace  and  the  stomach  contents  escape  into 
the  general  peritoneal  cavity  or,  x>osteriorly,  into  the  lesser  sac.  The 
pain,  abdominal  rigidity,  and  symptoms  of  collapse  which  follow  are 
caused  by  the  acid  gastric  contents  *,  these,  in  many  cases,  are  practic-^ 
ally  sterile  at  first,  but  organisms  soon  gain  a  foothold  and  acute 
peritonitis  results.  In  other  cases  infection  of  the  peritoneum  may 
occur  before  there  is  actual  perforation,  and  thus  the  surface  may 
be  glued  to  adjacent  parts  by  fibrinous  exudate.  This  is  more  hkely 
to  happen  posteriorly  and  in  the  region  of  the  lesser  curvature,  where 
the  movements  of  the  stomach  are  less  than  in  other  parts.  The 
inflammation  may  remain  localised  and  fibrous  adhesions  take  place, 
or  a  localised  supx)uration  may  result ;  thus  a  localised  collection  of 
pus  may  form  in  various  situations,  and  not  infrequently  suppuration 
extends  over  the  surface  of  the  liver,  giving  rise  to  a  subphrenic 
abscess,  which  may  infect  the  pleura.  Occasionally,  though  rarely, 
bacterial  invasion  of  a  portal  vein  may  occur  and  secondary  abscesses 
be  |)roduced  in  the  liver  (p.  654). 

(3)  Haemorrhage.  This  is  of  common  occurrence  and  varies 
greatly  in  degree.  Often  there  is  oozing  of  blood  either  from  an  acute 
or  a  chronic  ulcer.  The  blood  may  be  in  considerable  quantity  and 
give  rise  to  cofiee-ground  vomit,  or  to  blood  in  the  stools,  which  may 
have  a  tarry  character.  The  blood  may  be  in  small  quantity  and 
may  be  detectable  in  the  stools  only  by  chemical  examination.  Some¬ 
times,  however,  an  artery  of  considerable  size  may  be  eroded  and  a 
large,  even  fatal,  hsemorrhage  take  xfiace.  This  occurs  chiefly  from 
large  chronic  ulcers  which  involve  an  artery  outside.  The  artery 
becomes  incoiq^orated  in  the  floor,  and  in  most  cases  becomes  obliter¬ 
ated  by  end  arteritis,  but  sometimes  this  does  not  happen,  and  the 
wall  of  the  vessel,  weakened  by  the  digestive  process,  ruptures. 
Occasionally  a  small  aneurysm  forms  first.  Usually,  however,  the 
artery  is  eroded  rather  than  severed  and  its  wall  is  so  firmly  incor¬ 
porated  in  the  scar  tissue  that  contraction  and  retraction  of  the  vessel 
cannot  take  place  to  control  the  bleeding,  which  ceases  only  when 
the  blood  pressure  has  fallen  and  thrombus  has  formed  at  the  site  of 
erosion.  For  these  reasons,  resuscitation  by  transfusion  should  be 
attempted  with  due  care  not  to  raise  the  blood  pressure  too  rapidly 
lest  bleeding  bo  encouraged.  Severe  haemorrhage  from  duodenal  ulcer 
is  commonest  when  the  ulcer  is  in  the  posterior  wall.  In  a  case  of 
fatal  haemorrhage  one  can  usually  find  the  eroded  artery  in  the  floor 
of  the  ulcer,  its  mouth  partially  occluded  by  thrombus. 

(4)  Developmentof  Carcinoma:  Ulcer-Cancer.  Sometimes  carcinoma 
arises  in  connection  with  a  chronic  gastric  ulcer,  but  there  has  been 
great  diversity  of  opinion  as  to  the  frequency  with  which  this  occurs. 
Stewart  found  that  evidence  of  previous  chronic  ulcer  was  j)resent  in 
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about  lo  per  cent,  of  cases  of  carcinoma  and  most  recent  figures 
agree  with  this.  In  judging  of  the  relationship  there  must  be  clear 
evidence  of  cancer  in  connection  with  an  ulcer,  as  there  is  often 
irregular  growth  of  epithelium  and  even  displacement  of  epithelium 
or  heterotopia  at  the  margin  of  a  healing  ulcer  apart  from  any  malig¬ 
nancy.  As  to  the  pre-existence  of  chronic  ulcer  in  an  undoubted  case 
of  carcinoma,  the  important  points  insisted  on  by  Stewart  are  that 
there  is  a  long  history  of  chronic  ulcer,  the  muscular  coat  has  become 
entirely  destroyed  and  replaced  by  a  fibrotic  tissue  in  which  there 
is  often  obliteration  of  arteries.  The  cancer  begins  in  one  margin  of 
the  ulcer  crater  and  tends  to  encircle  it,  spreading  outwards  into  the 
submucosa  and  muscular  layer  but  not  invading  the  fibrous  floor  to 
any  extent.  On  the  contrary,  whilst  primary  carcinoma  often  invades 
the  muscularis  it  practically  never  destroys  it  entirely,  and  even  in 
advanced  cases  remains  of  muscle  are  to  be  found  between  the  cancer 
cells. 

Catjsatiox.  The  special  characters  of  gastric^ uhya;  , a, to  (lue  to  the 
action  of  the  gastric  juice^  but  the  exact  causation  is  imperfectly 
understood.  Even  the  existence  of  a  local  lesion  is  not  sulflcicait  to 
explain  the  process,  because  it  is  well  known  that  wounds  and  other 
lesions  of  the  stomach  rapidly  undergo  healing  in  the  normal  state. 
There  are  thus  two  problems,  viz.  (1)  the  origin  of  the  local  lesion  and 
(2)  the  cause  of  its  progressive  character.  With  regard  to  the  first, 
the  general  characters  of  some  peptic  ulcers  suggest  the  possibilities  of 
a  vascular  lesion.  There  is  no  evidence  that  thrombosis  or  embolism  of 
gastric  vess’els  is  responsible.  If  a  vascular  lesion  is  concerned,  there 
remains  then  only  the  possibility  that  it  may  result  from  spasmodic 
contraction  of  an  artery  or  of  the  muscular  coat  of  the  stomach. 
With  regard  to  such  explanation  it  is  not  possible  to  say  anything 
definite,  but  the  occurrence  of  hjBmorrhagic  erosions,  apparently  due 
to  vomiting,  makes  it  quite  conceivable  that  muscular  spasm,  possibly 
associated  with  irregular  contraction  of  the  stomach,  may  play  a  part. 

As  stated  above,  multiple  acute  ulcers  are  not  infrequently  met 
with  in  infective  and  septic  conditions.  Most  of  these  heal  but  a  few 
become  subacute,  and  it  would  appear  that  of  the  latter  only  a  few 
fi  ^rto  heal  and  become  chronic  ulcers.  One  cannot,  however,  regard 
a»  igle  ulcer  as  always  representing  the  sole  survival  of  such  a  process 
and  it  is  difficult  to  explain  why  a  chronic  ulcer  is  so  often  solitary. 

Cushing  brought  forward  evidence  which  indicates  that  a  nervous 
element  may  he  concerned.  He  found  that  there  is  a  centre  in  the 
diencephalon,  apparently  tuberal  in  position,  from  which  certain 
parasympathetic  tracts  pass,  and  that  experimental  stimulation  of 
these  is  prone  to  cause  gastric  hypermotility  and  hypersecretion, 
resulting  in  erosions,  perforations  or  ulcers.  Thus  there  is  the  possibility 
that  the  centre  or  the  fibres  may  be  affected  in  various  ways  and  that 
interference  with  digestion,  hyperacidity,  etc.,  may  result.  Emotional 
disturbances,  especially  worry  and  anxiety,  are  commonly  associated 
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with  ail  increase  in  syni|)toms  and  it  seems  probable  that  such  influences 
act  through  corticai  stiniiilation  of  the  diencephalic  parasympathetic 
centres. 

The  second  problem  concerns  the  persistence  and  enlargement  of 
peptic  ulcers.  It  is  now  well  established  that  in  the  majority  of  cases 
there  is  either  an  increased  concentration  of  hydrochloric  acid  in  the 
gastric  juice — hyperchlorhydria — or  a  high  normal  value.  In  duo¬ 
denal  ulcer  hyperchlorhydria  is  still  more  frequent  and  more  marked. 
Hurst  considers  that  what  he  has  called  ‘  the  hypersthenic  gastric 
diathesis  ’  is  the  essential  predisposing  cause  of  duodenal  ulcer.  This 
inborn  variation  from  the  average  normal  is  characterised  by  a  short 
stomach  with  active  peristalsis  and  rapid  evacuation,  and  by  hyper- 
chlorh^^dria  with  digestive  hypersecretion.  An  important  condition 
favouring  extension,  once  a  local  lesion  has  been  established,  is  thus 
usually  present  in  peptic  ulceration.  Conditions  of  anaemia  and 
general  malnutrition  will  no  doubt  act  by  lowering  the  resistance  of 
the  tissues.  The  importance  of  the  acid  gastric  juice  has  also  been 
emphasised  by  experiment.  If  the  pylorus  is  closed  and  the  duodenum 
removed  and  the  jejunum  is  then  anastomosed  to  the  stomach  while 
the  bile  and  pancreatic  ducts  are  transplanted  into  the  jejunum, 
ulcers  may  form  in  the  latter  and  a  certain  proportion  of  these  are  of 
the  solitary  chronic  type  (Mann  and  Bollman).  It  has  also  been 
shown  by  another  procedure  that  bile  and  the  secretions  of  the  pan¬ 
creas  and  duodenal  mucosa  have  a  certain  protective  action  against 
the  gastric  juice.  All  the  facts  available  go  to  show  that  the  action 
of  the  acid  gastric  juice  is  the  most  important  factor  leading  to  the 
characteristic  features  of  gastric  and  duodenal  ulcers. 

Dilatation  of  the  Stomach.  This  may  be  conveniently  described 
as  of  two  main  types,  namely,  (I)  dilatation  due  to  obstruction  at 
the  pylorus  and  (2)  dilatation  occurring  without  obstruction.  The 
former  results  from  the  scar  of  a  gastric  or  duodenal  ulcer  or  from  a 
scirrhous  cancer  at  the  pylorus,  occasionally  from  fibrous  adhesions 
outside  the  stomach  at  the  pyloric  region.  It  may  be  due  also  to  a 
degree  of  congenital  stenosis  of  the  pylorus,  insufficient  to  cause  death. 
In  these  conditions,  along  with  the  dilatation  there  is  a  varying  amount 
of  muscular  hypertrophy  which  is  most  marked  in  the  pyloric 
ment ;  and  it  must  be  borne  in  mind  that  the  increase  in  muscle  appi^iji's 
less  than  it  actually  is,  owing  to  the  dilatation.  In  the  production  of 
dilatation  without  obstruction,  a  number  of  factors  are  concerned- 
catarrhal  changes,  atony  of  the  muscle,  and  fermentative  changes  ; 
and  any  one  of  these  may  lead  to  the  others.  Deficiency  in  gastric 
juice  may  lead  to  longer  retention  of  the  food  in  the  stomach  and 
fermentative  changes  are  more  apt  to  occur.  Atony  of  the  muscle 
will  lead  to  the  same  result,  ancV  in  many  cases  a  vicious  circle  is 
set  up.  Atonic  dilatation  occurs  after  acute  fevers  and  may  pass 
into  a  chronic  state,  and  it  is  found  in  association  with  neurasthenia 
and  hysterical  conditions,  though  it  is  often  difficult  in  such  cases 
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to  say  which  is  the  primary  event.  The  stomacli  may  reach  a  large 
size  and  may  sometimes  be  displaced  downwards  as  a  whole  in  the 
abdominal  cavit}' — gastrojjtosis .  The  duodenum  may  be  dilated  at 
the  same  time,  but  there  may  be  a  kink  in  it  and  this  may  intensify 
the  dilatation.  Acute  dilatation  of  the  stomach  is  occasionally  met 
with  after  abdominal  operations,  quite  apart  from  septic  infection, 
and  seems  to  be  a  paralytic  condition  resulting  from  handling.  It 
may  be  a  feature  of  diabetic  coma.  The  distension  can  often  be 
relieved  by  the  passage  of  a  tube.  In  the  contents  of  a  chronically 
dilated  stomach  there  is  often  an  abundant  gro  wth  of  various  organisms, 
especially  yeasts,  sarcinse,  hyphomycetes,  etc.,  and  these  lead  to 
fermentation,  often  attended  by  the  formation  of  lactic  and  butyric 
acids  and  by  a  considerable  evolution  of  gas.  There  is,  as  a  rule,  little 
growth  of  cocci  and  bacilli  unless  there  is  a  marked  reduction  or 
absence  of  hydrochloric  acid,  such  as  is  common  in  cases  of  carcinoma 

(p.  681). 


TUMOURS 

Of  simple  tumours  the  form  most  frequently  met  with  is  the 
papilloma  or  pedunculated  adenoma,  which  varies  somewhat  in 
character.  Sometimes  there  is  a  large  proportion  of  connective  tisstie 


Fig.  347.— Multiple  papillomata  of  stomach,  showing  numerous  nodules  in 
various  stages  of  formation. 

The  patient  was  a  chronic  alcoholic,  x 

as  a  core,  sometimes  the  mass  is  composed  mainly  of  glandular  elements 
with  thin  hands  of  stroma  between;  then  again,  the  surface  may  be 
comparatively  smooth  or  covered  by  papilliform  processes.  Papilloma 
is  met  with  most  frequently  in  the  pyloric  region  where  there  may  be 
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multiple  growths,  but  in  some  cases  almost  the  whole  of  the  stomach 
may  be  beset  with  polypoid  excrescences,  and  this  condition  is  accom¬ 
panied  and  apparently  preceded  by  a  chronic  catarrh  (p.  564).  Along 
with  marked  evidence  of  this  condition,  there  may  be  very  numerous 
minute  papilliform  projections,  and  in  addition  larger  polypoid  growths 
(Fig.  347).  Occasionally,  carcinoma  may  develop  in  a  simple  papil¬ 
loma.  Leiomyoma^  fibroma^  and,  liporna  occur  also,  but  are  rare 
tumours.  In  cases  of  general  neuro -fibromatosis,  multiple  fibromata 
are  met  with,  chiefly  on  the  surface  of  the  stomach  along  the  course 
of  the  nerves.  Leiomyomata  are  usually  small  but  sometimes  reach 
a  considerable  size,  and  cases  have  been  recorded  where  sarcomatous 
growth  has  become  superadded  and  produced  metastases.  Lym¬ 
phangioma  also  has  been  described. 

i/*  Carcinoma.  Of  the  malignant  growths,  carcinoma  is  by  far  the 
commonest.  Its  general  characters  vary  greatly  and  it  produces 
many  difierent  efiects.  The  pyloric  segment  is  the  commonest 
site,  next  comes  the  lesser  curvature  ;  but  cancer  may  occur  in 
any  part.  It  will  thus  be  noted  that  the  distribution  of  cancer  differs 
from  that  of  chronic  ulcer,  Stewart  found  that  in  carcinoma  the 
pyloric  canal  was  the  primary  site  in  84-5  per  cent,  of  cases,  whilst 
in  chronic  ulcer  the  lesser  curvature  was  the  site  in  94*3  per  cent. 
So  far  as  the  naked-eye  appearances  are  concerned,  we  may  dis¬ 
tinguish  a  scirrhous  or  hard  variety  and  an  encephaloid  or  soft  variety, 
while  mucoid  or  colloid  cancer  presents  certain  features  of  its  own. 
In  most  cases  the  growth  of  cancer  is  mainly  of  the  infiltrative  type, 
but  some  soft  cancers  form  large  projecting  masses,  and  sometimes 
an  adeno-carcinoma  shows  papilhform  upgrowths.  As  regards 
microscopic  structure,  a  large  proportion  of  the  growths  are  adeno- 
carcinomata,  whilst  in  others  the  epithelium  is  arranged  in  solid 
masses  of  cells  in  alveoli ;  but  in  the  same  tumour  both  types  of  growth 
may  be  present.  This  statement  applies  both  to  the  hard  and  soft 
varieties. 

Spread  by  the  lymphatics  is  well  illustrated  in  carcinoma  of  the 
stomach.  From  the  primary  focus  in  the  mucosa,  the  growth  ■spreads 
to  the  relatively  wide  network  of  lymphatics  in  the  submucosa  and 
thence  throughout  those  of  the  muscular  coat  to  the  subserosal  net¬ 
work.  In  this  way  there  is  often  a  widespread  injection  of  the  lym¬ 
phatic  system.  Extension  takes  place  also  upwards  through  the 
muscularis  mucosae  into  the  mucosa  and  thus  there  sometimes  results 
an  appearance  as  if  the  growth  were  arising  in  multiple  foci  in  the 
latter  (Fig.  348).  The  possibility  that  there  may  sometimes  be 
multiple  foci  of  origin,  however,  cannot  be  entirely  excluded. 

The  scirrhous  type  of  cancer,  commonest  in  the  pyloric  region, 
appears  as  an  indurated  area  which  gradually  extends  and  undergoes 
ulceration.  AU  the  coats  become  involved,  and  the  muscle  in  the 
neighbourhood,  in  addition  to  being  infiltrated,  is  often  hyper¬ 
trophied  and  oedematous.  There  is  a  special  tendency  for  the  growth 
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to  spread  around  the  pylorus  and  lead  to  stenosis,  but  it  is  note¬ 
worthy  that  there  is  rarely  extension  into  the  wall  of  the  duodenum. 


Fig.  348.— Section  of  stomacii  wall,  {allowing  infiltration  of  lyniphatics 
by  cancer  colls,  seen  as  dark  masses.  X  60. 

Note  that,  at  places,  the  cells  growing  upwards  through  the  mr.scularis  miicosao  {M)  into  themiiCMisa. 


Fig.  349. — Diffuse  carcinoma  of  stomach. 

Note  the  general  thickening  of  the  wall  without  the  presence  of  nodular  growth  and  with  little 

ulceration,  x 


Stenosis  leads  to  dilatation  of  the  stomach  and  its  consequences  {vide 
p.  575).  In  other  cases  the  growth  spreads  diffusely  through  the 
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gastric  wall  for  a  considerable  area,  giving  rise  to  thickening  and 
indura-tion.  This  diffuse  form  of  carcinoma,  which  is  by  no  means 
rare,  leads  to  a  characteristic  result.  The  stomach  becomes  small 
and  its  wall  is  stiff  and  increased  in  thickness — ‘  leather-bottle  stomach  ’ 
(Fig.  349).  There  may  be  no  evidence  of  nodular  growth  and  little 
or  no  ulceration,  and  the  stomach  has  simply  the  appearance  of  being 
the  seat  of  general  fibrosis.  Microscopic  examination  shows  that  the 
cancer  cells  are  scattered  throughout  the  tissue  rather  than  arranged 
as  clumps  in  alveoli.  They  are  rounded  and  often  contain  droplets 
which  give  the  reaction  of  mucin  (Fig.  350).  At  places  they  are  easily 
identified  but  they  soon  become  atrophied  and  disappear  in  the  stroma, 


Fia.  350. — Diffuse  type  of  oarcmoma  in  muscular  coat  of  stomach. 

Note  that  the  cells  are  irregularly  scattered,  some  containing  mucous  globules  and  others 
showing  atrophic  change.  X  300. 

so  that  only  fibrous  tissue  remains.  Occasionally  it  may  be  difficult  . 
to  recognise  the  condition  as  malignant,  but  we  have  not  yet  seen  a 
case  of  diffuse  thickening  of  the  stomach  wall  in  which  carcinoma 
was  not  found  in  some  places.  In  saying  this,  however,  we  do  not 
deny  the  possibility  of  a  true  inflammatory  fibrosis  of  the  stomach. 
In  the  diffuse  form  of  cancer  the  growth  may  occasionally  spread  to 
the  wall  of  the  bowel  and  the  mesentery,  leading  there  also  to  a  general 
thickening  and  stiffening  without  the  presence  of  recognisable  nodules, 
but  in  contrast  to  other  forms  of  gastric  cancer  spread  to  the  liver 
is  uncommon. 

The  softer  or  encephaloid  types  of  cancer  present  a  variety  of 
characters,  but,  to  speak  generally,  they  are  irregular  masses  of  soft 
tissue  which  have  a  marked  tendency  to  undergo  ulceration  and 
necrotic  softening  (Tig.  351).  They  occur  not  infrecLuently  in  the 
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fundus  and  otter  parts,  as  well  as  in  the  pyloric  region.  Such  a 
tumour  may  grow  through  the  stomach  wall  and  involve  an  adja- 


Fig.  351. — Encephaloid  cancer  at  cardiac  orifice  of  stomach, 
showing  necrosis  and  sloughing.  X 

cent  organ  by  direct  extension.  We  have  seen,  for  example,  a  case 
in  which  direct  extension  of  the  growth  took  place  to  the  transverse 
colon,  and  then,  by  necrosis  and  breaking  down  of  its  substance,  a 


Fig.  352. — ^Mucoid  carcinoma  at  pylorus,  showing  great  infiltration  and 
thickening  of  the  wall  (viewed  from  behind).  X  i- 

communication  was  formed  between  the  stomach  and  the  colon. 
Similarly,  ulceration  may  occur  into  other  parts. 

Mucoid  QT '  colloid  '  cancer,  which,  like  the  scirrhous,  usually 
starts  in  the  pyloric  portion,  is  characterised  by  two  features,  viz. 
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its  diffuse  mode  of  spread  in  the  stomach  wall  and  its  tendency  to 
invade  the  peritoneum.  A  large  portion  of  the  stomach  may  be 
the  seat  of  infiltration,  its  wall  becoming  greatly  thickened  and 
stiffened  and  presenting  a  somewhat  translucent  appearance  on 
section  (Fig.  352).  The  wall  of  the  stomach  may  be  fully  two  inches 
thick  at  places  and  its  lumen  greatly  reduced.  When  the  peritoneum 
is  invaded  the  growth  may  reach  an  enormous  size,  and  the  various 
structures  are  encased  and  glued  together  by  masses  of  translucent 
tissue  (Fig.  378). 

In  all  types  of  cancer  a  widespread  invasion  of  lymphatics  in  the 
stomach  wall  is  apt  to  occur  at  an  early  period.  This  may  be  present 
in  regions  where  no  change  is  detectable  by  the  naked  eye.  The 
lymphatic  vessels  and  nodes,  especially  in  the  lesser  curvature,  are 
early  involved,  and  then  extension  to  the  nodes  in  the  portal  fissure 
and  to  the  substance  of  the  fiver  soon  follows.  Widespread  dissemina¬ 
tion  of  growth  in  the  fiver,  however,  is  usually  due  to  spread  by  way 
of  the  blood  stream.  There  is  no  doubt  that  secondary  invasion  of 
the  liver  occurs  much  more  frequently  and  at  an  earlier  period  in 
gastric  than  in  intestinal  carcinoma.  The  cancer  may  spread  through 
the  wall  of  the  stomach  and  involve  the  peritoneum,  and  when  this 
occurs,  there  is  often  a  widespread  growth  in  the  omentum,  which 
becomes  drawn  up  and  greatly  infiltrated.  Numerous  minute  nodules 
may  be  scattered  all  over  the  peritoneal  surface,  and  they  are  usually 
attended  by  a  certain  amount  of  inflammatory  reaction  and  ascites. 
Extensive  growth  may  occur  in  the  pelvis,  and  in  the  female  large 
masses  may  be  present  in  the  ovaries.  The  pleurae  and  lungs  are 
sometimes  involved  by  lymphatic  spread,  and  even  the  nodes  above 
the  clavicle  may  be  affected  and  be  palpable  during  life.  The  infiltra¬ 
tion  may  spread  widely  downwards,  and  we  have  seen  the  inguinal 
nodes  enlarged  and  the  seat  of  secondary  growth.  These  examples 
will  serve  to  show  how  manifold  and  widespread  the  infiltration  from 
gastric  carcinoma  may  be. 

Associated  Conditions.  Carcinoma  is  usually  associated  with 
alterations  in  the  stomach  contents.  As  a  ihle  there  is  an  abundant  • 
growth  of  micro-organisms  of  various  kinds—torulse,  sarcinse,  cocci  and 
bacilli.  A  large  Gram-positive  bacillus,  known  as  the  Boas-Oppler 
bacillus,  is  often  to  be  found,  but  though  its  presence  is  very  common, 
it  cannot  be  taken  as  pathognomonic  of  cancer  as  was  supposed 
by  some  writers.  The  organismal  growth  results  partly  from  stasis, 
partly  from  the  iiecrotic  tumour  tissue  becoming  infected,  and  it  is 
favoured  also  by  the  frequent  absence  of  hydrochloric  acid.  It  is 
to  be  noted  that  whilst  a  growth  of  various  organisms  may  occur  in 
any  kind  of  dilatation,  there  is  little  growth  of  bacteria  unless  hydro¬ 
chloric  acid  is  absent  or  very  deficient.  Free  hydrochloric  acid  is 
absent  in  the  large  majority  of  cases  of  gastric  carcinoma,  but  not 
in  all.  There  may  be  complete  achlorhydria  when  the  growth  is  very 
small  and  this  is  not  the  result  of  the  growth  but  of  the  preceding 
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clironic  changes  in  the  gastric  mucosa.  Most  of  the  cases  with  free 
hydrochloric  acid  are  those  in  which  the  carcinoma  has  developed, 
secondarily  to  a  chronic  gastric  ulcer,  which  is  usually  associated 
with  hyperchlorhydria.  Of  course,  achlorhydria  is  met  with  in  other 
conditions,  e.g.  atrophic  gastritis,  pernicious  anannia,  microcytic 
ansemia,  and  also  as  a  constitutional  peculiarity.  It  is  considered 
by  some  that  achlorhydria  along  with  the  presence  of  lactic  acid  is 
highly  suggestive  of  carcinoma.  There  is,  however,  no  one  test  by 
which  carcinoma  can  be  diagnosed.  The  secondary  bacterial  infection 
in  the  growth  itself,  and  in  the  stomacli  contents,  is  an  important 
factor  in  leading  to  the  cachexia  and  anjnmia  which  accompany 
carcinoma.  The  secondary  anaemia  (p.  475)  may  be  of  severe  degree. 
Anaemia  of  the  megalocytic  type  has  been  observed  to  develop  in 
connection  with  carcinoma,  but  is  very  rare.  It  will  occur  when  the 
changes  in  the  gastric  mucosa  have  been  such  as  to  lead  to  absence 
of  the  ‘  intrinsic  factor  ’  necessary  for  normal  luemopoiesis. 

Of  the  ^recancerous  lesions  the  most  frequent  are  chronic  gastric 
ulcer,  papilloma  or  adenomatous  polypus,  and  chronic  gastric  catarrh. 
The  occurrence  of  carcinoma  in  connection  with  the  first  has  already 
been  considered  (p.  573).  The  origin  of  carcinoma  from  a  sim])Ie 
papilloma,  though  less  frequent,  is  still  fairly  common. ;  Stewart 
found  evidence  of  this  event  in  4  or  5  per  cent,  of  cases  of  carcinoma. 
The  importance  of  chronic  catarrh,  as  a  preceding  condition  whicli  is 
practically  always  present,  has  been  insisted  on  by  some  writers, 
notably  by  Hurst.  In  addition  it  leads  to  the  accompanying  changes 
in  the  gastric  secretion  which  have  been  referred  to  above.  It  is 
significant  that  the  incidence  of  gastric  canceu’  in  patients  witli  per- 
nieious  anaemia,  who  are  maintained  for  a  long  time  on  adequate 
doses  of  liver  extract,  is  about  three  times  that  in  the  general  popula¬ 
tion  of  the  same  age. 

Sarcoma  is  of  rare  occurrence,  constituting  about  1  per  cent,  of 
malignant  growths  of  the  stomach.  It  may  be  of  varioxis  structural 
types,  round-cell,  spindle-cell,  etc.,  and  lymphosarcoma  is  met  with. 
As  a  rule  the  growth  is  more  localised  than  is  carcinoma,  and  tends 
rather  to  form  a  rounded  projecting  mass  which  may  be  of  considerable 
size  ;  naturally,  ulceration  and  necrosis  may  follow.  Multiple  nodules, 
however,  may  be  present,  and  lymphosarcoma  may  lead  to  a  diffuse 
infiltration,  with  enormous  thickening  of  the  wall. 

Congenital  Abnormalities.  The  most  important  of  those  is  stenosis  of 
the  pylorus.  It  is  not  uncommon,  symptoms  appearing  usually  about  two  to 
three  weeks  after  birth,  and  by  obstruction  and  persistent  vomiting  may  lead 
to  death.  The  condition  is  now  often  satisfactorily  treated  by  operation.  The 
obstruction  is  due  to  thickening  of  the  wall  at  the  pylorus,  and  this  may  extexid 
back  over  a  considerable  distance,  gradually  fading  off ;  or  it  may  b©  more 
localised  and  in  the  form  of  a  definite  band  (Fig.  353),  The  thickening  is  t)SB©n- 
tially  due  to  hypertrophy  of  the  muscle,  the  circuilar  fibres  especially  being 
increased,  whilst  the  lumen  is  narrowed  to  a  varying,  sometimes  marked,  degree. 
It  is  usually  regarded  as  a  hypertrophy  produced  by  spasmodic  contraction  at 
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the  pylorus  ;  but  the  nature  of  the  exciting  agent  or  neuro -muscular  abnormality 
is  not  known.  Family  studies  show  that  this  abnormality  is  of  hereditary  nature 
and  is  due  to  the  action  of  a  pair  of  recessive  genes.  In  large  families  the  ratio 
of  affected  to  non-affected  is  less  than  the  expected  Mendelian  ratio  of  1  in  4 
and  Cockayne  and  Penrose  have  shown  that  this  modification  of  the  effect  of 
the  recessive  genes  depends  on  sex  and  on  primogeniture.  Congenital  pyloric 


Fig.  353. — Congenital  stenosis  of  pylorus.  (J.  W.  S.  B.) 

The  anterior  wall  at  the  pylorus  has  been  cut  away  and  the  greatly  hypertropMed  muscle  at  the 
pyloric  antrum  is  shown,  x  J. 


stenosis  is  six  times  more  frequent  in  male  than  in  female  children,  and  after 
the  first-born,  a  child  is  very  much  less  likely  to  be  affected. 

Diverticula  occur  in  connection  with  the  stomach,  either  in  the  pyloric 
portion  or  in  the  region  of  the  fundus,  but  they  are  rare.  Occasionally  the 
stomach  is  somewhat  narrowed  about  the  middle,  a  certain  degree  of  so-called 
‘  hour-glass  ’  contraction  being  produced.  Such  a  condition,  however,  occurs 
more  frequently  as  the  result  of  cicatrisation  from  an  old  gastric  ulcer  (p.  572). 


■  THE  INTESTINES  ' 

INFLAMMATORY  CONDITIONS 

The  causes  of  inflammatory  changes  in  the  intestines  may  be  con¬ 
veniently  arranged  into  three  chief  groups  :  (a)  Bacterial  Infections ; 
(b)  Ohenhical  Poisons,  organic  and  inorganic  ;  (c)  Disordered  Digestion, 
with  fermentation  and  formation  of  irritating  substances.  The  nature 
of  the  last  is  imperfectly  understood,  but  organic  acids  are  supposed 
to  be  of  importance.  It  is  now  known  that  certain  conditions  which 
were  formerly  put  under  the  name  of  ‘  food  poisonings  ’  are  really  of 
the  nature  of  infections.  In  some  cases  of  intestinal  inflammation 
a  recognised  hacterium  is  the  cause  and  may  produce  a  characteristic 
lesion,  whilst  in  other  cases  lesions  often  with  ill-defined  features 
occur  and  may  he  caused  by  a  variety  of  bacteria.  We  may  accord¬ 
ingly  speak  of  specific  and  non-specific  forms  of  inflammation. 
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Enteritis — Non-specific.  The  non-specific  inflammations,  like 
those  in  the  stomach,  may  be  of  different  types,  the  chief  of  which 
may  be  described  as  follows  : 

(A)  Catarrhal  Enteritis.  Intestinal  distui’bances  and  diarrlKBa  may 
be  present  without  any  definite  catarrh,  but  in  more  sev('r(‘  (uis(\s  there 
may  be  desquamation  of  the  surfiice  epithelium  with  otlicM-  signs  of 
inflammatory  change — oedema,  haemorrhage,  etc.  We  ea,n  tluis  speak 
of  a  desquamative  catarrh.  Such  a  change,  which  is  attended  by 
excessive  formation  of  mucus,  is  seen  in  acute  gastro-enteritis  of  infancy, 
an  infection  of  unknown  etiology  tending  to  occur  in  epidemic  form 
in  nurseries,  and  attended  by  a  high  mortality  in  infants  under  two 
years.  Various  organisms  have  been  incriminated  from  time  to  time, 
but  no  single  one  is  accepted  as  the  proven  cause.  It(^(*.(aitly  (jca-tain 
strains  of  B.  coli  have  been  blamed,  and  some  worktavs  siiggc^st  a 
virus  etiology,  but  the  matter  is  not  yet  setthal.  Aciitt^  ga,stro- 
enteritis  is  a  not  uncommon  complication  in  various  f:ev(a‘s.  In 
children,  catarrh  is  often  attended  by  swelling  of  the  lymj)h()id  follides, 
the  term  follicular  enteritis  being  applied,  and  in.  rare  cases  this  may 
be  followed  by  suppurative  softening  of  the  follicles  and  the  formation 
of  small  ulcers.  It  should  be  borne  in  mind,  however,  that  the  lym¬ 
phoid  tissue  in  young  children  is  normally  very  promiiuMit. 

(B)  Croupous  or  Diphtheritic  ’  Entei'itis.  (The  latter  is  merely 
a  descriptive  term,  as  the  condition  has  nothing  to  do  with  diph¬ 
theria.)  In  this  variety  there  is  formation  of  false  membrane  com¬ 
posed  of  fibrinous  exudate,  usually  along  with  a  necrosed  layer  of 
the  superficial  part  of  the  mucosa,  the  latter  being  involved  to  a  vary¬ 
ing  degree.  The  membrane  always  appears  first,  and  is  most  marked, 
over  the  summits  of  the  folds  of  mucous  membrane ;  ulceration  not 
infrequently  follows.  Such  a  condition  is  sometimes  met  with  as  a 
complication  in  acute  infections,  notably  in  puerperal  cases  ;  it  is 
the  common  lesion  in  bacillary  dysentery  (p,  597),  and  sometimes 
occurs  in  cholera.  This  lesion  may  also  be  a  complication  in  chronic 
affections,  e.g.  in  uraemia  where  it  may  be  associated  with,  onhuna 
and  haemorrhage  ;  we  have  seen  it  as  a  terminal  occurrencu^  in  pc^rnicious 
anaemia.  Streptococci,  coliform  bacilli  or  other  ba(‘,t(^ria  arc^  the 
causal  organisms.  In  poisoning  with  corrosive  suhlinudx^  tlu‘r‘e  may 
be  extensive  membranous  formation  in  the  large  intestine,  and  tliis  is 
apparently  a  result  of  excretion  of  the  poison  through  the  wail  of  the 
colon.  Lastly,  in  cases  of  retention  of  faeces  especially  a])ov(^  a  stridvurc^ 
the  wall  of  the  bowel,  exposed  to  pressure  and  to  bacterial  action,  may 
become  the  seat  of  a  membranous  enteritis. 

(C)  Phlegmonous  Enteritis.  This  is  a  very  rare  condition,  of 
nature  similar  to  that  described  in  connection  with  the  stomach 
(p.  564).  It  is  usually  caused  by  streptococci,  and  the  commonest 
site  is  the  caecum  and  ascending  colon.  The  organisms  gain  access 
through  some  superficial  lesion  to  the  submucosa,  where  they  spread 
and  cause  fibrinous  or  semi-purulent  exudate.  The  exudate  is  visible 
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as  a  yellow  layer  nnderneatli  the  mucosa  ;  it  causes  thickening  and 
stiffening  of  the  wall  and  interferes  with  the  peristalsis,  so  that 
symptoms  of  obstruction  may  result. 

(D)  Ulcerative  Colitis,  This  term  is  apjplied  to  a  condition  of 
chronic  ulceration  of  the  colon  and  rectum  occurring  in  young  adults 
of  both  sexes  and  running  an  intermittent  course  with  exacerbations 
and  remissions.  Ulceration  begins  in  the  rectum  and  lower  segments 
of  the  colon  where  it  appears  first  on  the  tips  of  the  mucosal  folds 
often  immediately  over  the  longitudinal  muscle  bands  ;  later  the 
ulcers  coalesce,  giving  rise  to  large  areas  of  denudation  of  the  mucosa, 
the  floor  of  which  is  formed  by  the  circular  muscle  fibres.  Between 
the  ulcers  in  long-standing  cases,  islets  of  swollen  h3^ertrophic  mucosa 
persist  and  the  appearances  resemble  those  in  chronic  dysentery  but 
with  less  tendency  to  fibrosis  and  stricture.  The  colon  is  spastic 
and  normal  sacculation  is  lost  early  in  the  disease,  producing  a 
characteristic  X-ray  appearance.  The  etiology  of  non-specific  ulcer¬ 
ative  colitiSi  is  obscure,  and  the  diagnosis  is  essentially  based  on  the 
history  and  on  failure  to  identify  any  specific  micro-organism.  In 
many  cases  the  disease  appears  to  be  of  psychogenic  orighi,  the  lesions 
being  perhaps  the  result  of  hypermotility  and  muscular  spasm  with 
temporary  ischsemia  of  the  mucosa,  followed  by  haemorrhage  and 
ulceration.  Haemorrhage  is  often  an  early  and  prominent  symptom 
and  usually  leads  to  severe  anaemia. 

(E)  Mucous  Enteritis  or  Colitis.  This  form  is  to  be  distinguished 
from  the  previous,  as  the  membranous  structures  which  are  passed 
by  the  bowel  are  composed  merely  of  thickened  mucus.  The  mucus 
collects  in  layers  in  the  pouches  of  the  colon  and  then  becomes  sepa¬ 
rated  and  discharged.  On  microscopical  examination,  the  membrane - 
like  structures  are  found  to  present  a  homogeneous  mucoid  material, 
in  which  are  numerous  bacteria  but  very  few  leucocytes.  Mucous 
colitis  is  often  a  chronic  and  very  intractable  affection  and  is  usually 
associated  with  depression  and  neurasthenia.  Its  causation  is  ob-^ 
scure,  but  it  appears  to  be  a  condition  of  disordered  secretion  rather 
than  of  inflammatory  nature.  In  some  cases  the  colitis  has  been 
accompanied  by  the  presence  of  ‘  intestinal  sand  ’  in  the  faeces — small 
gritty  particles  of  lime  salts,  with  admixture  of  pigment ;  such  an 
occurrence  is,  however,  very  rare?.  It  may  be  added  that  in  con¬ 
stipation  mucus  is  apt  to  accumulate  around  the  faeces,  and  may 
be  passed  with  them;  such  a  condition  disappears  under  treat¬ 
ment. 

"^Acute  Appendicitis .  This  lesion  is  of  the  highest  im|)ortanc6  on 
account  of  its  frequency  and  the  serious  results  which  often  follow. 
The  anatomical  changes  will  be  first  considered,  and  thereafter  the 
etiology  will  be  discussed.  The  affection  may  be  regarded  as  of  three 
types,  (a)  It  may  be  simply  an  acute  inflammatory  swelling;  {b) 
it  may  have  a  suppurative  or  phlegmonous  character  ;  or,  again, 
(c)  it  may  be  attended  by  gangrene —gangrenous  appendicitis.  The 
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first  two  of  these  types  may  Ije  regarded  as  different  degrees  of 
severity  of  the  same  condition  ;  tlie  tliird  has  special  features  of 
its  own.  Perforation  may  occur  in  both  suppurative  and  gangrenous 

types. 

In  the  earlier  stages  of  acute  aioimidicitis ,  the  appendix  is 
found  to  he  swollen,  tense  and  markedly  congested,  and  there  may 

be  a  small  quantity  of  fibrin  on  the  surface.  When  the  appendix 
is  cut  into,  the  mucosa  bulges  owing  to  the  swelling,  and  a  certain 
amount  of  purulent-looking  material  may  exude  from  the  lumen. 
Such  a  condition  is  often  spoken  of  as  a  ‘  catarrhal  appendicitis,’  but 
the  term  is  not  a  suitable  one,  because  the  essential  change  in  all 
forms  is  an  interstitial  inSammation ;  and  we  have  never  found  evi- 


Fia.  354. — Acute  appendicitis,  showing  a  local  ulcerative  lesion  in  nmeosa 
with  commencing  abscess  formation  beneath.  (J.  W.  B.)  X  60. 

dence  that  catarrh  of  the  lumen  alone  gives  rise  to  the  symptoms 
of  acute  appendicitis.  On  microscopic  examination  at  this  stage,  one 
can  usually  find  some  focus  situated  at  the  foot  of  one  of  the  in¬ 
dentations  of  the  mucosa,  where  there  is  evidence  of  microbic 
infection  and  a  varying  degree  of  ulceration  (Fig.  354).  In  other 
words,  the  infection  is,  in  the  first  place,  of  a  focal  character,  al¬ 
though  there  may  be  several  foci.  Around  such  a  small  lesion  exten¬ 
sion  of  inflammation  into  the  other  coats  is  found,  and  a  little  later 
the  wall  in  its  whole  thiclmess  may  be  seen  to  be  overrun  with 
leucocytes.  At  the  same  time  inflammatory  exudation  is  occurring 
from  the  blood  vessels,  increasing  the  swelling,  and  a  thin  fibrinous 
layer  is  often  formed  on  the  serous  surface.  The  condition  is  thxis 
an  acute  interstitial  inflammation  secondary  to  one  or  more  focal 
lesions  in  the  mucosa.  We  agree  with  Aschoff  in  considering  that  this 
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mode  of  infection  is  of  prime  importance  in  the  various  types  of 
appendicitis. 

In  other  cases  the  changes  are  of  greater 
severity.  The  inflammatory  infiltration  con¬ 
nected  with  the  primary  lesion  may  increase 
in  intensity  and  lead  to  a  small  abscess  in  the 
wall,  and  this  may  give  rise  to  a  perforation. 

There  may  occur  also  a  more  general  phlegm  ■ 
onous  condition  with  foci  of  suppurative 
softening  here  and  there,  and  even  multiple 
perforations  may  be  produced.  This  mode 
of  perforation  by  intramural  suppuration 
may  take  place  quite  apart  from  the  presence 
of  a  concretion.  When  a  concretion  is  present 
it  may  in  some  cases  simply  escape  through 
such  a  perforation,  but  there  is  little  doubt 
that  when  the  concretion  is  of  some  size,  the 
swollen  wall  will  become  stretched  over  it  and 
the  circulation  in  the  wall  will  be  interfered  Fig.  355. — Acute  ap- 
with,  so  that  a  perforation  is  liable  to  take  pendicitis.  A  concre- 

place  at  that  point.  distal  extremity  and 

Gangrenous  Appendicitis.  Gangrene  may  "tli©  yall  of  the  ap- 
occiir  in  the  course  of  acute  appendicitis.  It  gangrenous. f. 
then  usually  affects  the  distal  portion,  some¬ 
times  in  relation  to  a  concretion  (Eig.  355)  or  it  may  occur  in 
patches.  In  some  cases  it  appears  to  be  due  to  thrombosis  of  the 
veins  in  the  meso -appendix,  which,  aided  by  the  inflammatory  con¬ 
dition,  leads  to  haemorrhage  and  stoppage  of  the  circulation.  But  in 
other  cases  the  gangrenous  change  appears  at  a  very  early  period 
and  affects  the  whole  appendix  apart  from  any  vascular  lesion.  In 
such  cases  Wilkie  considered  that  the  two  factors  determining  gan¬ 
grene  are  obstruction  at  the  outlet  of  the  appendix  and  distension 
with  fsecal  material.  He  showed  experimentally  that  a  portion  of 
closed  small  intestine  filled  with  faecal  material  becomes  gangrenous 
within  a  short  time,  and  general  gangrene  of  the  appendix  may  be 
produced  in  a  similar  way.  The  term  ‘  acute  appendicular  obstruc¬ 
tion  ’  is  now  applied  to  such  a  condition  and  many  cases  of  so-called 
fulminating  appendicitis  are  of  this  nature.  In  any  case  of  gangre¬ 
nous  appendicitis  with  or  without  perforation  there  is  apt  to  occur 
an  early  general  infection  of  the  peritoneum;  the  organisms  are  of 
great  variety,  including  anaerobes. 

The  symptoms  in  gangrenous  appendicitis  are  of  sudden  onset, 
there  being  vomiting  and  severe  pain  in  the  region  of  the  appendix 
with  rigidity  of  the  abdominal  wall ;  and  an  important  fact  is  that, 
unlike  what  is  found  in  ordinary  acute  appendicitis,  temperature  and 
pulse  may  be  normal.  This  last  fact  may  lead  to  the  serious  nature 
of  the  condition  being  overlooked,  especially  as  the  pain  may  diminish 
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when  the  muscle  of  the  appendicular  wall  undergoes  necrosis  and 
ceases  to  contract. 

Results.  Acute  appendicitis  gives  rise  to  important  compli¬ 
cations.  In  some  cases  there  is  merely  a  slight  amount  of  fibrinous 
exudate  on  the  surface,  which  does  not  spread  and  may  afterwards 
give  rise  to  local  adhesions.  In  others,  again,  the  condition  goes  on 
to  suppuration,  and  a  localised  collection  of  pus  may  form  around  the 
appendix,  which  in  many  cases  shows  perforation  or  may  be  ulcerated 
across.  Sometimes  an  escaped  concretion  is  present  in  the  pus.  The 
suppuration  may  spread  upwards  along  the  csecum  and  ascending 
colon  and  over  the  surface  of  the  liver,  or,  again,  pus  may  form  in  the 
pelvic  cavity.  Cases  of  this  kind  may  run  a  course  of  considerable 
duration.  In  other  cases,  an  acute  general  infection  of  the  peritoneum 
may  follow  and  a  fatal  peritonitis  result.  This  is  specially  apt  to 
occur  at  an  early  stage  in  gangrenous  appendicitis.  Other  compli¬ 
cations  of  appendicitis  are  due  to  infection  of  the  veins.  There  may 
be  a  local  septic  phlebitis,  and  from  this  emboli  may  be  carried  to 
the  liver,  where  they  set  up  secondary  abscesses.  Again,  a  spreading 
thrombosis  with  secondary  suppuration  may  extend  up  the  portal 
vein — pylephlebitis  suppurativa  (p.  654). 

Chronic  Appendicitis.  This  usually  is  the  result  of  an.  acute  a  tta,ck, 
though  it  may  be  of  slight  degree  ;  sometimes  there  are  several  slight 
attacks.  Chronic  appendicitis  is  characterised  by  proliferative  changes 
and  increase  of  the  connective  tissue,  and  the  changes  may  be  mainly 
localised  or  of  general  distribution.  A  common  result  of  a  localised 
lesion  of  the  appendix  is  obliteration  of  the  lumen,  and  this  may  take 
place  at  one  part  of  the  tube,  whilst  elsewhere  the  mucosa  may  be 
comparatively  well  preserved.  Such  a  condition  may  be  readily  under¬ 
stood  in  view  of  what  we  have  stated  with  regard  to  the  localised 
primary  lesion.  Again,  as  a  sequel  of  the  general  acute  interstitial 
inflammation,  we  may  find  a  general  fibrous  thickening  of  the  wall. 
In  many  cases,  however,  there  is  no  history  of  acute  attack  and  fibrosis 
apparently  may  result  from  chronic  irritation.  Wheai  localised 
obliteration  is  present  dilatation  of  the  distal  portion  of  the  tube  may 
follow  (Fig.  356).  This  may  be  of  slight  degree,  or  there  may  be  a 
cyst-like  enlargement  or  mucocele.  Another  not  iincommon  result, 
owing  to  the  distension  acting  on  a  localised  lesion  in  the  muscle,  is 
the  production  of  a  diverticulum,  which  may  project  on  the  surface 
of  the  appendix.  Occasionally  rupture  of  a  diverticulum  takes  place 
and  a  communication  is  established  between  the  lumen  and  the 
peritoneal  cavity  into  which  the  contents,  which  are  generally  of 
mucoid  nature,  continue  to  escape ;  reactive  phenomena  follow  and 
the  thick  mucus  is  invaded  by  young  connective  tissue  cells  and  by 
new  blood  vessels ;  this  is  known  as  pseudomyxoma  peritonei.  It 
is  of  serious  prognosis  when  the  mucus  is  in  large  quantities,  and 
adhesions  form  with  collections  of  mucus  between.  The  microscopic 
appearances  may  simulate  those  of  a  mucoid  carcinoma. 
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The  effects  of  these  fibrous  changes  vary.  Sometimes  there 
are  no  symptoms  pointing  to 
their  presence,  but  there  may 
be  slight  attacks  of  inter¬ 
mittent  pain  in  the  region  of  the 
appendix,  accompanied  by  dys¬ 
pepsia. 

Etiology.  Although  appen¬ 
dicitis  is  essentially  a  bacterial 
infection,  there  is  still  want  of 
knowledge  with  regard  to  the 
particular  conditions  which  lead 
to  its  occurrence.  There  is 
even  doubt  about  which  organ¬ 
isms  primarily  invade  the 
tissues,  although  there  is  no 
doubt  that  the  important  effects 
are  produced  by  coliform  bacilli, 
streptococci  and  occasionally 
various  anaerobes;  some  of  the 
most  virulent  types  are  produced  by  streptococci.  The  view  formerly 
held  by  some  that  appendicitis  was  produced  by  foreign  bodies,  such 
as  cherry  or  date  stones,  etc.,  may  be  definitely  discarded.  Cases 
are  recorded  in  which  an  nritating  object,  such  as  a  bristle  or  a 
pin,  has  been  present,  but  this  has  no  relation  to  the  etiology  of  appen¬ 
dicitis  in  general.  It  is  difficult  to  say  exactly  what  part  concretions 
play  in  appendicitis,  and  opinion  on  the  subject  varies  greatly.  These 
bodies,  which  vary  in  size  and  consistence,  are  essentially  composed 
of  fsecal  remains  and  inspissated  mucus,  in  which  there  is  often 
deposition  of  lime  salts.  In  some  cases  without  inflammatory  change 
an  appendix  contains  fluid  faeces,  in  others  a  cylinder  of  inspissated 
fieces,  and,  again,  intermediate  stages  to  ordinary  concretions  may 
])e  met  with.  One  can  hardly  suppose  that  concretions  or  faecal 
collections,  aided  by  muscular  movements  and  containing,  as  they  do, 
an  abundant  bacterial  flora,  will  always  be  without  harmful  result. 
We  consider  that  they  are  a  factor  favouring  infection,  and  that  in 
addition  they  play  an  important  part  in  gangrenous  appendicitis,  as 
has  already  been  described.  It  must  be  admitted,  however,  that 
the  factors  determining  the  onset  of  appendicitis  are  imperfectly 
understood. 

Diverticula  and  Diverticulitis.  Diverticula  are  met  with  both 
in  the  small  and  large  intestine,  but  they  are  much  commoner  in  the 
latter.  When  fully  formed  they  consist  of  protrusion  of  the  mucous 
and  submucous  coats  through  the  muscle  of  the  wall  and  are  thus 
often  called  "false  diverticula.’  In  the  duodenum  they  may  be 
single  or  multiple  and  the  commonest  situation  is  the  inner  aspect 
of  the  second  part ;  they  are  comparatively  rare.  In  the  jejunum 


LG.  356. — Chronic  appendicitis  with 
obliteration  at  proximal  end  and 
dilatation  of  the  distal  portion. 


590  TEXT-BOOK  OF  PATHOLOGY 

and  ileum  also  they  are  rare,  hut  when  they  are  present  they 
may  be  in  considerable  numbers.  They  are  situated  along  the 
mesenteric  attachment,  projecting  into  the  mesentery,  and  sometimes 
may  reach  the  size  of  a  walnut  or  even  larger  (Fig.  357 ).  The  contents 
of  all  these  diverticula  are  fluid  and  symptoms  rarely  arise  in  con¬ 
nection  with  them.  Though  they  are  seldom  met  with  before  adult 
life,  their  origin  is  usually  ascribed  to  congenital  weakness  of  muscle 
which  specially  occurs  at  the  site  of  entrance  of  arterial  branches. 

In  the  colon,  diverticula  are  comparatively  frequent  ('specially  in 
stout  subjects,  though  they  are  present  often  without  giving  rise^  to 
symptoms.  The  lower  portion  of  the  colon  is  tlu'  cotnmonest  site, 
hut  they  may  occur  at  a  high  level.  They  may  be  in  larg('  numbers 
and  may  he  situated  on  any  part  of  the  wall  though  rarely  along  the 


Fig.  357. — False  diverticula  of  small  intestine  situated  in  mesenteric 
attachment,  x 

tsenise  coli ;  commonly  they  extend  into  the  appc^ndic^es  (^|)ipl.()i(im. 
Small  depressions  at  first,  they  enlarge  and  become  sjfiieric-al  (,)r  llask- 
shaped,  but  they  do  not  reach  the  size  of  those  in  the  small  iidxtstiue. 
They  often  contain  inspissated  foeces  which,  may  bee.onu';  luirdc^ned. 
The  diverticula  of  the  colon  are  regarded  as  essentially  pulsion  diver¬ 
ticula  and  are  ascribed  to  such  conditions  as  constipation,  injudic^ious 
use  of  purgatives,  irregular  contraction  of  the  bowel ,  ct(.‘,.  Occjasionally,  * 
however,  they  may  be  associated  with  large  diverticula  of  tlu^.  small 
intestine  which  are  not  due  to  these  caixses.  The  condition  of 
multiple  ■  diverticula  is  known  as  divertictdosis. 

Inflammatory  change,  diverticulitis ^  usually  of  chronic  nature, 
frequently  becomes  superadded.  It  affects  first  the  interior  of  the 
diverticula  but,  later,  it  leads  to  a  general  interstitial  inflammation 
in  the  affected  region  of  the  colon.  Thus  there  is  overgrowth  of 
fihro-fatty  tissue  throughout  and  around  the  wall  and  the  lumen 
becomes  ^arrowed  and  irregular.  The  narrowing  may  be  considerable 
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and  localised,  resembling  carcinoma  ;  or  it  may  affect  a  considerable 
segment  of  the  bowel,  which  becomes  stiffened.  Acute  changes 
sometimes  follow  or  may  occur  at  an  earlier  stage.  There  may  be 
ulceration  and  perforation  of  a  diverticulum  containing  inspissated 
faeces,  localised  abscess  or  diffuse  peritonitis  being  the  result.  In 
cases  of  multiple  diverticula  the  condition  can  usually  be  readily 
found  on  X-ray  examination  after  barium  administration.  There  is 
no  evidence  that  carcinoma  is  apt  to  develop  in  connection  with 
diverticula  (Stewart). 

SPECIFIC  INFECTIONS 

Many  inflammatory  conditions  of  the  intestines  are  produced  by 
specific  organisms,  and  they  may  be  either  acute  or  chronic  in  their 
course.  The  bacilli  of  the  typhoid- coli  group  are  the  causal  agents 
in  an  important  group  of  such  conditions.  The  typhoid  and  para¬ 
typhoid  organisms  affect  chiefly  the  small  intestine  with  special 
localisation  in  the  lymphoid  tissue.  The  food-poisoning  bacilli 
(Gartner’s  and  others)  cause  acute  catarrhal  enteritis,  especially  of 
the  small  intestine,  and  the  paratyphoid  organisms  sometimes  have 
a  similar  effect ;  while  the  dysentery  bacilli  affect  chiefly  the  large 
intestine  and  cause  both  acute  and  chronic  lesions.  In  all  these  cases, 
and  also  in  cholera,  infection  is  acquired  by  ingesting  the  specific 
micro-organisms  in  food  or  water  contaminated  by  the  excreta  of 
cases  of  the  disease  or  of  carriers  of  the  infection.  Such  contamina¬ 
tion  may  be  brought  about  by  handling  of  food,  by  the  activities  of 
flies  or  by  seepage  of  sewage  into  water  supplies.  In  the  case  of 
food-poisoning  organisms  an  additional  source  of  infection  is  the 
soiling  of  food  by  the  faeces  of  infected  mice  or  rats.  Other  organisms 
which  produce  important  effects  are  the  anthrax  bacillus,  actinomyces, 
the  tubercle  bacillus,  the  spirochsete  of  syphilis  and  the  virus  of 
lymphopathia  venereum. 

“^Typhoid  Fever.  Corresponding  with  the  definite  course  of 
this  fever  there  are  inflammatory  changes  in  the  lymphoid  tissue 
of  the  bowel,  leading  to  destructive  effects  which  may  be  followed 
by  healing  ;  there  is  also  a  general  catarrhal  condition  of  the  bowel. 
^  After  an  incubation  period  of  about  two  weeks  more  or  less, 
,,^>|^.^ring  which  the  organisms  invade  the  lymphoid  tissues  of  the  small 
^  bowel  and  enter  the  blood  stream,  there  is  progressive  fever  of  insidious 
onset  and  after  a  further  w^eek  the  characteristic  rose  spots  appear 
^  in  the  skin.  In  the  first  week  of  the  fever  the  organisms  are  invariably 
present  in  the  blood  from  which  they  may  be  recovered  in  culture  to 
confirm  the  diagnosis.  Thereafter  they  are  excreted  through  the 
liver  and  biliary  passages  and  re-enter  the  small  intestine  in  large 
numbers  from  the  bile  so  that  they  are  then  readily  detected  in  the 
fseces.  About  the  end  of  ten  days,  immunity  begins  to  develop  and 
the  organisms  to  disappear  from  the  blood  stream  ;  but  during  the 
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bacteri^niic  pliase  tliey  may  settle  in  various  sites  and  produce 
lesions  which  will  he  mentioned  later.  It  is  significant  that  the 
gall-bladder  bile  is  invariably  infected  during  the  early  phase,  and 
the  wall  of  the  viscus  nia}’-  become  inflamed  producing  a  typhoid 
cholecystitis  with  serious  secondary  effects.  These  phases  in  the 
distribution  of  the  organisms  are  of  decisive  importance  in  the  bac¬ 
teriological  diagnosis  of  the  disease. 

The  lesions  are  most  marked  in  the  Peyer’s  patches  and  solitary 
follicles  in  the  lower  part  of  the  ileum,  but  the  amount  of  bowel  affected 
varies  considerably  in  different  cases.  Sometimes  the  lesions  extend 
for  a  considerable  distance  upwards  ;  but  we  have  seen  tlumi  rt\si,r*ic,t(Hl 
to  a  few  inches  above  the  ileo-cmcal  valve.  As  a  rule,  th(\v  diminish 
in  severity  from  the  valve  upwards,  and  tlu^  liighcM*  onc's  may  not 
pass  beyond  the  stage  of  inflammatory  swedling.  Tlu^  solita.rv  follicles 
in  the  beginning  of  the  large  intestine  are  usually  affectvd,  a, ml  the 
lymphoid  tissue  of  the  appendix  also  is  somcTinu's  involvcMl.  Tlu^, 
different  stages  of  the  typhoid  lesion  are  :  (a)  Acaitc^  inflammatory 
swelling  of  the  lymphoid  tissue  followed  by  {b)  nec,i‘osis,  ((;)  tlie  separa¬ 
tion  of  the  dead  tissue,  with  the  formation  of  ul(*.ers,  and  histly  {d)  the 
process  of  healing.  As  a  general  rule,  necrosis  Ix'gins  to  nmrkcxl 
about  the  tenth  day  of  the  disease,  and  then  the  ju'occ'ss  of  heading, 
after  the  separation  of  the  sloughs,  begins  about  tln^  end  of  tlu^  (Bird 
week  and  may  be  complete  in  the  fifth  week  ;  that,  is,  in  imcompli(‘at.ed 
cases.  The  necrosis,  however,  does  not  affect  all  the  inflamed  lym¬ 
phoid  tissue  ;  in  parts  n^solution  occairs. 
In  the  early  stage  the  lymphoid  tissue 
becomes  swollen  and  prominent.  Tlio 
Peyer’s  patches  are  considerably  raised 
and  their  surface  comes  to  have  a  some; 
what  convoluted  appearance,  as  parts 
are  fixed  by  connective  tissue  bands, 
whilst  the  intervening  portions  swell. 
Necrosis  then  occurs  irregularly  in  the 
inflamed  patch  and  the  swelling  becomes 
more  marked ;  the  epithelium,  gives 
way  and  the  process  of  ulceration  starts. 
When  this  occurs  the  dead  tissue  imbibes 
the  colouring  matter  of  the  bile  and 
comes  to  have  a  yellowish -brown  and 
ultimately  almost  a  black  colour, 
though  alterations  in  the  effused  blood 
also  play  a  part  in  producing  this 
appearance.  Sometimes  a  whole  Peyer’s 
Fig.  358.-— Lower  end  of  small  patch  may  be  affected  in  this  way, 

intestine  m  typhoid  fever,  sometimes  only  a  part  (Pig.  358).  The 
showing  the  necrotic  change  v  i  j.*  i  i  i  i 

in  the  Peyer’s  patches  and  ^^ssue  gradually  becomes  separated 

solitary  follicles,  x  J.  and  discharged  by  a  process  of  ulcerative 
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softening  commencing  at  the  margin  ;  an  ulcer  is  thus  produced. 
If  the  whole  patch  has  sloughed,  the  ulcer  corresponds  to  it  in  shape 
and  extent  ;  its  margins  are  somewhat  soft  and  shreddy,  and  when 
floated  out  in  water  are  seen  to  be  thin  and  undermined  to  some 
extent.  Necrotic  material  may  be  seen  on  the  floor,  but  if  this  has  been 
cleared  away  the  floor  is  comparatively  smooth,  and  transverse 
markings  due  to  the  internal  muscular  coat  may  be  visible. 

The  process  of  heahng  begins  when  the  necrotic  debris  has  been 
separated  and  the  floor  has  been  cleaned  ;  columnar  epithelium  grows 
over  the  surface,  and  underneath  it  a  layer  of  fibrous  tissue  forms. 


kiG.  359. — Large  intestine  in  typhoid  fever,  showing  multiple 
small  ulcers.  X 

The  lymphoid  tissue  and  usually  also  the  mucosal  glands  are  not  re¬ 
stored  to  any  extent,  but  we  have  seen  considerable  new  formation 
of  the  latter.  At  the  site  of  a  completely  healed  typhoid  ulcer  the 
surflrce  has  a  smootli  silky  appearance  and  is  often  studded  with 
minute  jiigmented  points.  An  important  point  is  that  there  is  never 
any  tendency  to  cicatricial  narrowing  of  the  bowel.  As  can  be  readily 
understood  from  the  comparatively  rapid  spread  of  the  necrotic 
process,  perforaPiori,  is  not  uncommon,  and  general  peritonitis,  usually 
fatal,  results.  Perforation  of  a  typhoid  ulcer  is  not  usually  attended 
by  tli(^  (lra.niati(^  onset  of  acute  abcloniinal  symptoms  seen  in  gastro¬ 
duodenal  {)erforations  and  the  onset  may  be  clinically  silent;  no 
doubt  tlie  mild  alkaline  reaction  of  the  intestinal  contents  is  responsible 
for  this  clifforence.  Hmnorrhage  iilm,  occasionally  of  considerable 
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severity,  may  occur.  In  these  respects  there  is  a  contrast  to  tuber¬ 
culous  ulceration,  and  the  difFerence  is  due  to  tlie  nature  of  the 
pathological  processes  in  the  two  cas  3S. 

In  the  beginning  of  the  large  intestine,  as  has  been  said,  the  lym¬ 
phoid  folhcles  may  be  the  seat  of  a  similar  lesion-~-they  undergo 
marked  swelling,  become  necrotic  in  the  centre,  and  small  rounded 
ulcers  with  swollen  margins  result  (Fig.  359).  When  the  appoidix  is 
involved  the  lesions  vary  in  degree  ;  sometimes  they  are  sevcnxewith 
considerable  necrosis  and  the  formation  of  brownish  sloughs,  and 
occasionally  perforation  follows.  Here  also  the  primary  lesion  is  in 
the  lymphoid  tissue. 

The  Histological  Changes  in  the  typhoid  lesions  are  of  a  definite 
and  characteristic  nature.  At  an  early  stage,  along  with  congestion 
there  is  a  great  increase  of  non-granular  cells  of  various  sizes.  Some 
of  these  are  derived  from  endothelial  cells  and  also  from  cells  of  the 


Fig.  360. — ^Margin  of  Peyer’s  patch  in  early  stage  of  typhoid  fever, 
showing  the  marked  inflammatory  swelling.  X  10. 

reticulum  which  have  become  swollen  and  spherical.  Others  are 
monocytes  and  lymphocytes.  Infiltration  of  similar  ch>11s  may  be 
seen  extending  along  the  lymphatics  of  the  mucous  and  submucous 
coats  for  a  considerable  distance  around,  and  also  deep  down  in  the 
muscular  coats  (Fig.  42).  The  great  accumulation  of  siuli  cidls  leads 
to  the  enlargement  of  the  Peyer’s  patches,  etc.  (Fig.  360),  and  haemor¬ 
rhages  occur  and  increase  the  swelling ;  there  may  also  be  some 
fibrinous  exudate.  There  is  little  or  no  emigration  of  polymorpho¬ 
nuclear  leucocytes  to  be  seen  in  the  affected  area,  but  these  cells  may 
accumulate  at  the  margin,  especially  when  the  dead  tissue  is  in  process 
of  separation.  The  next  stage  is  the  occurrence  of  necrosis  in  patches, 
and  this  gradually  extends.  The  patches  appear  structureless  and 
the  cells  have  lost  their  nuclear  staining,  while  there  is  often  much 
karyorrhexis  in  the  cells  around,  and  many  of  the  larger  cells  in  the 
vicinity  act  as  phagocytes  and  digest  remains  of  cells  and  nuclei  as 
well  as  red  corpuscles.  In  the  affected  tissue,  typhoid  bacilli  may  be 
found  in  large  numbers,  and  the  necrosis  is  apparently  due  to  their 
action,  though  thrombosis  of  small  vessels  also  may  play  a  part,  In 
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the  superficial  parts  a  variety  of  other  bacteria  from  the  bowel  are 
present,  and  these  increase  in  number  and  progressively  invade  the 
dead  tissue  as  necrosis  develops. 

The  mesenteric  nodes  undergo  inflammatory  swelling  and  may 
become  greatly  enlarged.  At  an  early  stage  they  are  pinkish  and 
rather  soft,  but  later  they  acquire  a  greyish  or  even  yellowish  tint 
owing  to  the  occurrence  of  necrosis,  which  may  be  attended  by  further 
softening.  Their  appearance,  in  fact,  may  be  almost  purulent,  but 
true  suppuration  does  not  occur  unless  there  is  infection  with  other 
organisms.  Occasionally  a  softened  node  may  rupture  and  give  rise 
to  peritonitis.  The  typhoid  bacillus  is  present  also  in  the  nodes, 
sometimes  in  large  numbers. 

Jissociated  Lesions.  The  lesions  which  are  met  with  throughout 
the  body  in  connection  with  typhoid  fever  are  of  great  variety,  and 
may  occur  either  during  the  disease  or  at  a  later  period.  They  are 
referred  to  more  fully  in  connection  with  the  different  systems,  but 
a  short  summary  may  here  be  given  with  advantage.  The  com¬ 
parative  absence  of  emigration  on  the  part  of  the  polymorpho-nuclear 
leucocytes  and  the  absence  of  the  neutrophil  reaction  in  the  blood 
(p.  72)  and  bone-marrow  are  noteworthy  features.  In  the  enlarged 
spleen  also  there  is  an  absence  of  the  usual  accumulation  of  poly¬ 
morpho-nuclear  leucocytes  (p.  525). 

In  the  production  of  lesions  in  other  parts,  two  main  factors  are 
concerned,  viz.  absorption  of  toxins,  that  is,  toocmmia,  and  the  actual 
presence  of  typhoid  bacilli  in  the  blood,  that  is,  hacterisemia.  In 
addition  to  the  symptoms  of  fever,  etc.,  toxic  action  is  shown  by  the 
occurrence  of  cloudy  swelling,  which  in  the  heart  may  be  pronounced 
and  lead  to  cardiac  weakness.  In  severe  cases  death  may  occur 
from  heart  failure,  and  this  is  due  in  part  at  least  to  the  structural 
changes  in  the  myocardium.  We  may  mention  also  the  occurrence 
of  patchy  necrosis  of  the  abdominal  muscles  in  typhoid,  the  so-called 
Zenker’s  degeneration,  which  is  further  evidence  of  toxic  action. 
Catarrhal  changes  in  the  kidneys  and  inflammatory  foci  in  the  liver 
are  due  also  to  this  cause,  although,  in  the  production  of  the  latter, 
the  actual  presence  of  typhoid  bacilli  may  be  concerned  (p.  635). 
Toxaemia  has  another  very  important  effect,  in  that  it  causes  a 
general  lowering  of  the  resistance  of  the  tissues  and  leads  to  in¬ 
vasion  by  other  bacteria.  Thus  laryngitis,  bronchitis  and  pneumonic 
conditions  are  of  common  occurrence.  In  the  last  mentioned, 
typhoid  bacilli  may  be  present  along  with  pneumococci  and  other 
organisms. 

The  presence  of  organisms  in  the  blood,  with  which  the  acute 
enlargement  of  the  spleen  is  to  be  associated,  may  lead  to  infection  of 
various  parts.  For  example,  the  bacilli  have  been  found  in  the  rose- 
coloured  spots  which  are  often  present  in  the  skin  in  typhoid  fever. 
The  gall-bladder  and  the  urinary  tract  often  become  the  seat  of 
bacterial  growth  with  or  without  distinct  inflammatory  changes, 
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and  the  bacilli  may  persist  there  for  an  indefinite  time,  producing 
the  ‘  carrier  ’  condition  of  the  intestinal  and  urinary  types  respec¬ 
tively.  At  a  later  period  calculi  may  form  in  the  gall-bladder  as  the 
result  of  the  bacterial  invasion.  Endocarditis,  meningitis,  or  arthritis 
may  be  set  up  in  the  course  of  the  blood  infection,  but  they  are 
comparatively  rare.  The  periosteum  of  bones,  and  occasionally  the 
perichondrium  of  the  costal  and  laryngeal  cartilages,  may  become  the 
seat  of  infla/mmatory  change.  The  ribs  have  a  special  liability  to  be 
affected  by  typhoid  bacilli,  and  suppurative  periostitis  may  occur 
several  months  after  the  attack  of  the  disease  ,  occasionally  it  may 
recur  in  another  part  after  operative  treatment. 

Paratyphoid  Infections.  The  lesions  met  with  in  infections 
caused  by  the  paratyphoid  organisms,  A  and  B,  show  considerable 
variations  in  their  characters.  Such  infections  were  common  in  the 
world  wars,  paratyphoid  B  being  the  more  frequent.  In  some  cases 
the  disease  has  the  general  characters  of  typhoid,  though  usually  of 
milder  degree,  and  the  lesions  have  been  found  to  correspond.  There 
is  a  similar  involvement  of  the  lymphoid  tissue,  especially  the  Peyer’s 
patches  and  sohtary  glands  of  the  small  intestine,  with  swelling  of 
mesenteric  nodes,  spleen,  etc.  j  but  the  necrotic  and  ulcerative  pro¬ 
cesses  are  less  marked  and  usually  limited  to  a  small  part  of  the  bowel. 
In  other  cases,  however,  a  general  acute  catarrhal  condition  of  the 
intestine  is  the  characteristic  feature  and  there  is  little  implication  of 
the  lymphoid  tissue  ;  sometimes  enteritis  is  associated  with  marked 
gastritis.  It  may  be  added  that  the  carrier  condition  may  result 
from  paratyphoid  infections,  as  has  been  described  above  in  typhoid 
fever. 

In  infections  with  the  food-foisoning  bacilli  the  features  present 
considerable  variety,  but,  to  speak  generally,  we  may  say  that  the 
chief  lesion  is  an  acute  enteritis  with  intense  swelling  and  congestion, 
and  occasionally  hemorrhages ;  the  small  intestine  is  mainly  affected, 
but  the  large  intestine  may  be  involved.  The  spleen  is  swollen  and 
the  causal  organisms  can  generally  be  obtained  from  it  post  mortem. 

'^Dysentery.  The  term  dysentery  had  originally  a  clinical  signi¬ 
ficance  and  was  applied  to  conditions  of  severe  inflammation  and 
ulceration  of  the  colon,  attended  by  frequent  stools  and  tenesmus, 
and  the  passage  of  blood  and  mucus.  Two  main  types  of  dysentery 
can  be  distinguished  on  etiological  grounds,  namely,  bacillary  and 
amoebic  dysentery ;  and  the  lesions  of  the  two  types  also  present 
important  differences. 

Bacillary  Dysentery  is  produced  by  bacilli  of  the  dysentery  group, 
of  which  there  are  several  varieties,  distinguishable  by  their  serological 
and  fermentative  reactions.  The  affection  is  essentially  one  of  the 
colon,  though  the  lower  end  of  the  ileum  is  affected  in  some  cases, 
and  it  varies  considerably  in  severity.  In  milder  cases  the  lesion 
is  mainly  an  intense  catarrhal  inflammation  attended  by  much 
formation  of  mucus,  oedema  of  the  mucosa  and  haemorrhage  into  it ; 
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but  even  in  these  there  tends  to  be  formation  of  fibrinous  exudate  on 
the  summits  of  the  folds  of  the  mucous  membrane.  In  the  severer 
infections  of  Shiga  type  this  change  is  more  marked,  and  there  is 
extensive  membranous  formation  along  with  necrosis  of  the  under¬ 
lying  mucosa.  At  first  the  false  membrane  appears  in  numerous 
small  patches  along  the  ridges  of  the  mucosa  and  then  the  patches 
become  confluent.  This  change  is  accompanied  by  the  usual  signs 
of  intense  inflammation  with  infiltration  of  polymorpho -nuclear  leuco¬ 
cytes,  escape  of  red  corpuscles,  etc.  Leucocytes  also  pass  in  large 
numbers  on  to  the  surface  and  are  present  in  the  faeces  mixed  with 
blood  and  mucus  ;  they  can  readily  be  found  on  microscopic  examina¬ 
tion  of  the  stools,  and  this  fact 
is  of  great  service  in  rapid 
tentative  diagnosis.  There  fol¬ 
lows  separation  of  the  dead 
tissue,  with  formation  of  ulcers, 
which  begin  over  the  ridges  and 
then  extend  in  an  irregular 
manner,  h  a  v  i  n  g  a  shreddy 
margin.  In  this  way,  large 
areas  may  become  denuded  of 
mucous  membrane  and  the  sub¬ 
mucous  layer  becomes  involved. 

In  children  bacillary  dysentery 
is  often  known  as  acute  ileo¬ 
colitis  ;  it  is  usually  caused  by 
bacilli  of  the  Elexner  and  Sonne 
types,  the  lesions  in  the  former 
being  usually  more  severe  than 
in  Sonne  infections. 

When  the  acute  stage  passes 
off,  the  process  of  healing  may 
commence,  but  frequently  the 
disease  passes  into  a  subacute  or 
chronic  stage,  where  attempts  at  healing  and  repeated  ulceration  occur 
side  by  side.  When  healing  is  effected,  the  ulcerated  areas  become 
covered  over  by  epithelium  and  assume  a  comparatively  smooth  and 
even  appearance ;  they  thus  present  a  contrast  to  the  surviving  mucosa, 
which  is  relatively  raised,  and  in  addition  may  show  thickenings  and 
even  small  polypoid  growths.  In  chronic  cases  considerable  fibrous 
contraction  of  the  bowel  may  result.  Owing  to  these  changes  the 
disease  is  often  prolonged  and  relapses  are  fairly  frequent.  Bacillary 
dysentery  may  occasionally  lead  to  pyogenic  infection  of  the  portal 
blood  and  suppuration  in  the  liver,  but  the  true  ‘  tropical  abscess  ’  does 
not  occur  in  this  form. 

Amoebic  Dysentery.  This  form  is  produced  by  the  Entamoeba 
histolytica,  called  akp  flntamoeba  tetragena  owing  to  the  formation 


Pig.  361. — Portion  of  large  intestine  in 
amcebic  dysentery  at  early  stage 
before  ulceration,  showing  the  irregular 
swelling  of  the  mucosa,  x  f. 
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of  four  cells  in  the  cystic  stage.  The  organisms,  swallowed  in  the 
cystic  stage  in  food  or  water,  enter  the  wall  of  the  large  intestine 


Fig.  362. — Section  of  ulcer  in  amoebic  dysentery. 

The  entamoeba)  {a)  are  seen  as  minute  sptieres  scattered  in  the  floor  of  the  ulcer,  x  100. 


tliroiigh.  the  mucosci  ftnd  scttl©  in  tbc  snlbmiicoiis  tisbiic,  Icfiding  first 

to  an  inflammatory  oedema,  which  is  attended  by  remarkably  little 
leucocytic  infiltration,  and  subsequently  to  necrosis  of  the  tissues 

around  them.  They  multiply 


and  spread  in  the  submucous 

tissue  and  thus  the  necrotic 
process  goes  on.  Accordingly, 
the  first  lesion  visible  to  the 
naked  eye  is  the  formation 
of  swollen  congested  patches 
in  the  mneosa,  the  central 
parts  of  which  become  soft 
and  somewhat  yellowish  as 
necrosis  occurs  (Fig.  361). 
The  mucosa  then  gives  way 
and  an  ulcer  is  formed  with 
shreddy  and  undermined 
margins.  Such  ulcers,  as  they 
spread,  become  confluent  first 
in  their  deeper  parts,  so  that 
a  probe  may  be  passed  under 
the  mucosa  from  one  to  the 


Fig.  363. — Blood  vessel  in  floor  of  ulcer 
in  amcebic  dysentery ;  an  entamoeba 
containing  red  corpuscles  is  seen  in 
the  interior.  X  1,000. 


other  ;  the  bridges  then  give  way  and  the  ulcerated  areas  are  greatly 
increased.  Accordingly  a  considerable  part  of  the  bowel  may  have  lost 
its  mucosa,  while  in  the  intervening  parts  fragments  of  mucosa  in 
process  of  disintegration  and  separation  are  present.  Sometimes  a 
gangrenous  condition  becomes  superadded.  The  amoeba  are  to 
be  found  at  the  margins  of  the  ulcers,  often  in  considerable  numbers, 
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chiefly  in  the  submucous  coat,  but  also  extending  more  deeply 
(Eig.  362).  Occasionally  they  penetrate  the  small  intestinal  veins, 
and  thus  are  carried  to  the  liver,  where  they  produce  tropical  abscesses 
(p.  654).  Sometimes  in  sections  they  may  be  seen  within  the  blood 
vessels  (Fig.  363). 

When  the  acute  stage  of  amoebic  dysentery  has  passed  off, 
attempts  at  healing  may  occur.  The  necrotic  tissue  becomes  thrown 
off  and  the  epithelium  grows  over  the  denuded  areas  (Fig.  364). 
But  the  process  is  often  interrupted,  and,  just  as  in  bacillary  dysentery, 
the  disease  becomes  protracted  and  passes  into  a  chronic  condition. 
Overgrowth  of  fibrous  tissue 
is  apt  to  occur  in  the  deeper 
coats  with  resulting  narrowing 
of  the  bowel  at  places. 

In  the  acute  phase  the 
stools  contain  blood  and  mucus 
but,  in  contrast  with  bacillary 
dysentery,  pus  is  absent.  The 
mucus  is  thus  clear  and  in  it 
vegetative  amoebse  showing 
active  movements  are  readily 
found  on  microscopic  exam¬ 
ination  ;  some  amoebae  are 
seen  to  have  ingested  red 
corpuscles.  In  the  chronic 
phase,  vegetative  forms  are 
absent,  and  the  diagnosis  de¬ 
pends  on  the  detection  of  cysts 
in  scrapings  from  the  surface  of 
a  formed  stool  or  from  the  base 
of  ulcers  seen  on  sigmoidoscopy. 

Cholera.  In  this  disease 
the  infection  is  chiefly  water¬ 
borne  and  the  primary  lesion 
is  an  acute  inflammation, 
especially  of  the  small  in¬ 
testine  in  its  lower  part,  although  there  may  be  involvement  also 
of  the  large  intestine.  The  lesion  is  accompanied  by  intense  congestion 
and  by  the  formation  of  a  very  abundant  watery  secretion  which 
contains  little  albumin.  There  is  desquamation  of  the  superficial 
epithelium  and  also  of  the  upper  parts  of  Lieberkiihn’s  glands  ;  and 
small  shreds  of  epithelium  become  mixed  with  the  fluid,  giving  rise 
to  the  ^  rice-water  stools.’  The  reaction  is  in  response  to  the  presence 
of  the  cholera  vibrios,  which  occur  in  large  numbers  in  the  intestinal 
contents  and  also  within  the  crypts  of  the  mucosa.  At  a  later  stage 
there  may  be  pseudo-membranous  formation  on  the  mucosa  and  even 
ulceration,  but  such  a  change  is  produced  by  the  action  of  coliform 


•Large  intestine 


chronic 


dysentery  (amoebic?),  showing  irregular 
smooth  areas  where  the  mucosa  has  been 
destroyed.  X  t* 
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a.nd  other  organisms  on  tlie  daniaged  wall.  Altlioiigli  the  vibrios  are 
mainly  confined  to  the  intestine  they  may  pass  to  the  gall-bladdei 
and  other  parts.  A  '  cari'ier  ’  condition,  is  sometimes  met  with,  but 
it  is  iisually  ol  coinparatively  short  duration. 

Sprue,  Idiopathic  Steatorrhoea  and  Coeliac  Disease.  Sprue  is 
a  chronic  disease  met  with  in  Inclia  and  other  siibtiopical  and  tiopical 
countries  and  is  characterised  by  extreme  emaciation  and  clvronic 
diarrhoea  with  lesions  in  the  alimentary  system.  The  stomach  and 
intestines  show  marked  atrophic  changes  with  loss  of  the  valvuliB 
comiiventes.  Achlorhydria  is  often,  though  not  invariably,  present 
and  chronic  diarrhoea  is  the  outstanding  feature.  Owing  to  deficient 
intestinal  absorption  the  stools  are  bulky,  watery  and  contain  a 
large  amount  of  fat  (steatorrhoea)  and  they  have  a  strongly  acid 
rea'ction.  Consequently  there  is  insufficient  uptake  of  riboflavin, 
nicotinic  acid  and  other  niemhors  of  the  vitamin  B  complex,  which 
leads  to  glossitis  with  rawness  and  redness  of  the  lingual  mucosa 
followed  by  atrophy,  cheilosis  and  perltuhe  on  the  lips  and  at  the 
angles  of  the  month,  conjunctival  injection  and  even  coineal  vascu- 
larisation.  Frazer  has  suggested  that,  in  the  presence  of  achlorhydria, 
organisms  multiply  at  higher  levels  of  tlu^  small  intestine  and  bring 
about  fixation  of  these  vitamins,  which  ai:(.^  all  esscaitial  growtli-factoTs 
for  bacteria.  Anaemia  from  defective  absorptioji  of  iron  is  extremely 
common  but  sometimes  the  marrow  becomes  megaloblastic  and  the 
blood  picture  closely  simulates  that  of  pernicious  amemia.  Tolic  acid 
ameliorates  strikingly  the  symptoms  in  sprue,  although  there  may  be 
no  improvement  in  fat  absorption  ;  where  the  marrow  is  megaloblastic, 
it  reverts  rapidly  to  normoblastic  type  with  cure  of  the  amemia, 
A  similar  condition  is  met  with  in  adults  in  temperate  climates  atid 
is  known  as  idiopathic  steutorrhma,  or  ?ion4ropical  ((h^cds  dist'a.scd- 
In  children  persistent  steatorrhoea  leads  to  additional  eflects  owing 
to  the  special  needs  of  the  growing  child,  the  syndrome  being  known 
as  coeliac  disease.  Marked  deficiency  in  the  absorption  of  fat  from 
the  bowel  results  in  wasting  and  impairment  of  development— hence 
it  is  also  known  as  intestinal  infantilism.  The  faeces  are  bulky,  p<de 
and  foul-smelling  with  more  than  twice  the  normal  amount  of  &t, 
cMefly  in  the  form  of  calcium  soaps  (Telfer).  Consequently  there  is 
diminished  absorption  of  calcium  and  phosphorus  (leading  sometimes 
to  the  changes  of  late  rickets)  and  also  of  iron,  so  that  anaemia,  often 
of  microcytic  hypochromic  type,  is  present.  Barely,  the  marrow  in 
children,  too,  may  become  megaloblastic. 

The  nature  of  the  defect  in  these  conditions  is  obscure.  There  is 
no  failure  in  fat-splitting  and  the  essential  change  is  failure  to  absorb 
the  fat  with  secondary  loss  of  minerals  and  of  vitamins ;  there  is 
nothing  to  indicate  that  the  condition  is  of  inflammatory  origin. 

Anthrax.  Intestinal  infection  by  means  of  anthrax  spores  is 
comparatively  rare  in  the  human  subject.  It  is  to  be  noted,  however, 
that  this  is  the  common  mode  by  which  the  disease  is  transmitted  in 
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sheep  and  oxen.  The  site  of  infection  is  usually  in  the  upper  part 
of  the  small  intestine  and  one  or  more  focal  lesions  may  be  present. 
These  appear  as  haemorrhagic  areas  in  the  mucosa,  and  in  the  central 
parts  there  may  be  a  paler  and  somewhat  yellowish  patch  of  necrosis. 
A  considerable  amount  of  mdema  is  present  in  the  tissues  around. 
On  microscopic  examination,  the  anthrax  bacilli  are  often  found  in 
large  numbers.  From  such  a  source  general  infection  may  result, 
and^ anthrax  meningitis  occasionally  occurs  as  a  complication. 

Tuberculosis.  Two  forms  of  tuberculous  disease  of  the  intestines 
are  usually  recognised,  a  primary  and  a  secondary.  Primary  infection 
of  the  intestines  is  not  uncommon  in  children  as  a  result  of  the  in¬ 
gestion  of  cow’s  milk  containing  tubercle  bacilli,  but  is  very  rare  in 
adults.  In  children  it  often  leads  to  extendve  disease  of  the  mesen¬ 
teric  nodes — tabes  nhese7hterica~~'b\it  it  is  important  to  note  that  this 
may  be  produced  by  bacilli  derived  from  the  bowel  without  any 


Fig.  365.-™Early  tuberculous  lesion  of  small  intestine,  showing  formation  of 
tubercles  in  mucous  and  submucous  coats.  (G.  H.  W.)  x  10. 


visible  ulcerative  lesion  to  indicate  the  site  of  entrance.  This  probably 
means  that  the  lesion  has  been  minute  and  has  not  spread,  rather 
than  that  the  bacilli  have  been  absorbed  without  producing  any 
lesion.  The  resulting  disease  of  the  mesenteric  glands  varies  much 
in  character.  The  nodes  may  be  enlarged  generally  and  caseous, 
or  the  affection  may  be  localised.  In  the  latter  case,  the  disease 
may  be  arrested  and  fibrous  encapsulation  occur ;  and  one  often 
finds  in  adults  a  few  calcified  lymph  nodes  in  the  lower  part  of  the 
mesentery,  which  represent  the  result  of  an  intestinal  infection  in 
early  life.  The  secondary  type  of  intestinal  tuberculosis  is  due  to  an 
infection  of  the  bowel  by  tubercle  bacilli  in  the  sputum  swallowed 
in  cases  of  pulmonary  tuberculosis  ;  this  is  of  common  occurrence, 
being  met  with  to  some  degree  in  the  majority  of  cases  of  pulmonary 
phthisis.  Ulcers  are  specially  frequent  in  pulmonary  tuberculosis  in 
children. 

The  small  intestine  is  much  oftener  affected  by  tuberculous  ulcer¬ 
ation  than  the  large,  and  the  lesions  usually  start  in  the  solitary 
lymjdhoid  follicles  and  Peyer’s  patches.  The  bacilli  there  give  rise 
to  tubercles  beneath  the  covering  epithelium  ;  these  undergo  caseation. 
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The  mucous  lueiiibrane  soon  gives  way  and  then  small  oiateiifoim 
ulcers  are  formed.  The  disease  spreads  by  direct  extension  of  the 
bacilli  around  the  small  ulcer,  and  the  new  tubercles  formed  undergo 
ulceration  in  their  turn.  On  microscopic  examination  the  uloeratmn 
is  seen  to  extend  through  the  mucous  into  the  submucous  coat,  whilst 
the  muscular  coat  presents  varying  degrees  of  fibrosis  with  disappear¬ 
ance  of  the  muscle  fibres.  Tubercle  nodules  are  seen  in  the  tissue 
beyond  the  margins  of  the  ulcer,  raising  up  the  mucosa.,  and  not 
initequently  they  are  present  in  the  sub-serous  layer  (Figs.  365,  366). 

In  course  of  time  ulcers  of  considerable  size  may  be  formed,  and 
these  tend  to  spread  along  the  lymphatics,  transversely  to  the  line  of 
the  bowel ;  sometimes,  indeed,  they  encircle  the  gut  (Fig.  367).  The 
larger  ulcers  have  an  irregular  outline,  and  their  margins  arc  raised 
and  nodular,  and  usually  somewhat  undermined.  The  floor  is  uneven 


Fig  366  — Small  tuberculous  ulcer  of  small  intestine  with  thickened  and 
irregular  margins  and  floor.  Note  tubercles  in  serous  coat.  X  t>. 

or  granular  and  may  show  caseous  material  but  tubercles  are  rarely 
to  be  distinguished'.  The  serous  coat  overlying  the  _  ulcer  is  often 
thickened  and  opaque,  and  an  important  point  in  aiding  diagnosis^  is 
that  tubercles  may  be  visible  in  it  and  along  the  lines  of  the  lymphatics 
draining  the  part  '(Fig.  366) .  Tuberculous  ulceration  is  rarely  attended 
by  hsemorrhage,  and  perforation  into  the  general  peritoneal  cavity  is 
relatively  uncommon  but  adhesions  between  loops  are  apt  to  form 
and  perforation  from  one  loop  of  gut  into  another  may  result  in  serious 
short-circuiting  of  intestinal  contents ;  in  these  respects  there  is  a 
contrast  to  typhoid  ulceration.  The  peritoneum  may  show  various 
tuberculous  lesions  (p.  622)  or  merely  chronic  peritonitis. 

Tuberculous  ulceration  is  less  common  in  the  large  intestine,  but 
sometimes  one  finds  a  few  ulcers  in  it  in  cases  of  ulceration  of  the 
small  intestine.  There  are  besides  two  somewhat  characteristic 
forms  of  tuberculous  lesion.  One  of  these  is  a  localised  tuberculous 
affection  of  the  large  bowel  beyond  the  ileo-csecal  valve.  The 
disease  is  of  very  chronic  character,  and  leads  not  only  to 
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ulceration  but  to  great  thickening  and  contraction  of  the  coats. 
In  this  way  the  lumen  may  be  reduced  to  a  narrow  irregular 
channel  and  signs  of  intestinal  obstruction  may  result  (Fig.  368). 
The  condition  may  involve  the  ascending  colon  for  a  distance  of 
two  or  three  inches,  and  the  appearance  of  the  lesion  generally  may 
resemble  that  of  a  slowly  growing  carcinoma  of  the  wall  of  the 
bowel.  This  lesion  is  sometimes  known  as  ‘tuberculous  caecal 
tumour.’  Occasionally  intestinal  concretions  form  proximal  to  a 
stricture,  as  may  occur  in  other  varieties  ;  they  are  composed  of 
inspissated  fsecal  remains  with  a  varying  admixture  of  lime  salts. 
The  other  type  is  a  widespread  ulceration  which  may  affect  a 
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Fig.  368.— Chronic  tuberculosis  of 
ascending  colon. 

The  lesion  has  produced  great  tluckeniiig  of  the 
wall  with  resulting  obstruction,  x  i. 

large  part  or  almost  the  whole  of  the  large  intestine.  Here  also 
the  disease  is  very  chronic  and  the  ulcers  tend  to  spread  around 
the  bowel,  and  ultimately  large  areas ‘of  mucosa  may  be  eaten 
away  ;  the  process  is  often  attended  by  a  considerable  amount  of 
fibrosis,  and  there  may  be  contraction  at  places,  Sometimes  there 
are  small  polypoid  excrescences  at  the  margin  of  the  ulcers.  The 
origin  of  such  a  lesion  is  obscure.  Local  tuberculous  disease  occurs 
occasionally  at  the  lower  end  of  the  rectum. 

The  appendix  is  not  infrequently  affected  in  cases  of  intestinal 
tuberculosis.  The  changes  are  of  the  usual  kind.  We  have  some¬ 
times  found  tubercle  in  appendices  removed  at  operation,  which 
were  supposed  to  be  the  seat  simply  of  chronic  appendicitis,  and  in 
a  proportion  of  cases  a  faecal  fistula  has  developed.  In  some  such 
cases  there  has  been  evidence  of  tuberculous  disease  elsewhere,  but 


Fig.  367. — Tuberculous  ulcer¬ 
ation  of  small  intestine. 

Note  the  irregular  character  with 
transverse  spread,  x 
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in  others  the  jjatients  have  appeared  otherwise  healthy  and  the 
existence  of  tuberculosis  had  not  been  suspected.  ^  One  cannot  say 
whether  the  lesion  in  the  appendix  in  such  cases  is  to  be  regarded 
as  primary,  but  this  possibility  eaiurot  be  excluded. 


Regional  Ileitis.  This  is  a  condition  which  has  been  increasingly  I'ooogiiiscd 
within  the  last  few  years.  It  has  the  charaoters  of  a  specific  infection  though  no 
causal  agent  has  been  found.  The  part  of  ileum  affected  is  in  the  vast  majority 
of  cases  the  terminal  portion,  which  is  usually  involved  ior  a  distance  of  twelve 
to  twenty  cm.,  though  sometimes  considerably  more  (Fig.  iUiO).  Occasionally 
there  is  affection  also  of  the  related  part  of  the  caiemn  or  the  appendix.  The 
lesion  is  essentially  a  thickening  of  the  coats  of  the  bowel,  ospocially  of  the 


Fig.  369. — Regional  ileitis,  showing  diffuse  thickening  of  wall  of  lower  part  of 
ileum  with  narrowing  of  its  lumen.  (Prof.  G.  Pladfield.) 


submucosa,  due  to  cedema  and  inflammatory  reaction.  The  lunuMi  of  the  bowel 
is  narrowed  to  a  considerable  extent  owing  to  nodulai'  swelling  ot  its  lining 
and  thickening  of  its  walls  ;  a  palpable  cylindrical  swelling  often  results.  Ulcer¬ 
ation  follows  in  varying  degree,  and  secondary  infection  leads  to  the  usual  in¬ 
flammatory  changes  which  may  extend  to  the  peritoneal  coat.  Thus  chronic 
obstruction  results,  the  degree  of  stenosis  sometimes  being  great. 

The  earliest  histological  change  would  appear  to  be  a  hyperplasia  of  the 
lymphoid  follicles  attended  by  a  marked  oedema  of  the  submucosa  and  lymphatic 
obstruction,  infiltration  of  lymphocytes,  etc.  There  then  occurs  in  the  majority 
of  eases  what  may  be  regarded  as  a  specific  lesion,  namely,  the  formation  of 
giant-cell  systems  in  the  germ  centres.  These  consist  of  accumulations  of  pro¬ 
liferating  endothelioid  cells,  often  along  with  giant-cells  of  tlie  Langhans  type. 
They  are  in  short  indistinguishable  from  tubercle  follicles  with  the  important 
exception  that  no  caseation  occurs.  The  secondary  infection,  resulting  from 
ulceration  leads  to  the  usual  results— fistula,  abscesses  in  the  bowel  wall,  fibrosis, 
etc.  The  lesions  in  the  lymph  nodes  are  similar  to  those  of  primary  nature  in 
the  intestine — hyperplasia  of  lymphoid  tissue  with  formation  of  giant -cell  systems. 
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It  will  be  seen  that  the  lesions  have  a  close  resemblance  to  tuberculosis  so  far 
as  structural  changes  are  concerned.  Tubercle  bacilli,  however,  cannot  be 
detected  in  the  lesions  and  experimental  inoculation  from  them  haj?  produced 
negative  results.  Further,  the  intestinal  lesion  has  not  been  found  to  be  associ¬ 
ated  with  tuberculosis  in  other  parts  of  the  body.  It  is  accordingly  not  possible 
to  say  anything  definite  about  the  nature  of  the  causal  agent  but  the  disease 
is  thought  by  some  to  be  a  manifestation  of  sarcoidosis.  It  is  quite  possible 
that  some  cases  described  as  chronic  tuberculosis  of  the  ascending  colon  are 
of  the  same  nature. 

Inflammatory  Stricture  of  the  Rectum.  Lymphopathia 
Venereum,  Syphilis.  In  the  tertiary  stage  of  S3rphilis,  lesions  are 
sometimes  present  in  the  large  intestine,  the  rectum  being  by  far 
the  commonest  site,  hut  it  is  probable  that  many  of  the  lesions  formerly 
so  classified  are  really  due  to  the  virus  of  lymphopathia  venereum 
which  in  women  tends  to  spread  by  the  lymphatics  from  the  genitalia 
to  the  rectum  and  peri-rectal  tissues.  It  is  significant  that  gumma 
of  the  rectum  is  said  to  he  commoner  in  women  of  the  prostitute 
class  who  might  well  harbour  both  infections.  There  is  first  formed 
a  raised  patch  of  inflammatory  infiltration  in  the  mucosa  and  sub¬ 
mucosa,  which  tends  to  spread  transversely  to  the  axis  of  the  bowel. 
This  undergoes  ulceration  and  is  attended  by  overgrowth  of  connective 
tissue  and  contraction.  Ultimately  the  bowel  may  he  involved  in  its 
whole  circumference  and  extreme  stenosis  may  result,  the  condition 
sometimes  simulating  a  malignant  growth.  In  the  rectum,  perfora¬ 
tion  from  the  ulcer  is  not  uncommon,  and  suppuration  may  occur 
in  the  tissues  around.  Pus  occasionally  makes  its  way  into  the 
bladder  or  tracks  to  the  perineum,  thus  leading  to  the  formation  of 
fistulse.  In  congenital  syphilis,  multiple  lesions  are  not  infrequent, 
especially  in  the  ileum.  They  are  in  the  form  of  patches  of  inflam¬ 
matory  infiltration,  w^hich  may  undergo  ulceration  and  resemble 
somewhat  a  tuberculous  lesion.  Sometimes  the  infiltration  is  of  a 
more  diffuse  type,  or,  again,  miliary  gummata  may  occur. 

Actinomycosis.  As  a  path  of  entry  for  the  streptothrix,  the 
intestine  comes  next  in  order  of  frequency  to  the  region  of  the  mouth. 
The  lesions  are  in  connection  with  the  large  intestine,  and,  sometimes 
ulcers  with  purulent  infiltration  of  the  submucous  coat  have  been 
present ;  but  in  the  great  majority  of  cases  the  chief  lesions  have 
been  outside  the  wall.  The  region  of  the  caecum  is  the  commonest 
situation,  although  the  disease  has  been  met  with  in  the  tissues  around 
the  rectixm.  In  a  considerable  proportion  of  cases,  the  parasite  seems 
to  gain  entrance  to  the  appendix,  from  which  it  may  spread  into  the 
tissues  around  and  give  rise  to  an  inflammatory  mass  of  tissue  withm 
which  are  areas  of  suppuration.  It  may  pass  also  to  the  peritoneum 
and  cause  loculated  collections  of  pus  between  the  coils  of  intestine, 
and  the  pus  may  ulcerate  through  the  wall  of  the  bowel.  Diagnosis 
can  usually  be  made  by  finding  colonies  of  the  streptothrix  on  micro¬ 
scopic  examination.  Secondary  actinomycotic  abscesses  (p.  655)  not 
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uncommonly  occur  in  the  liver,  and  suppurative  pylephlebitis  clue  to 
secondary  invasion  by  other  pyogenic  organisms  has  been  recorded. 

Intestinal  Bilharziasis  or 
Schistosomiasis.  This  affection, 
which  is  met  with  in  Egypt  and  other 
subtropical  countries,  is  produced  by 
tlie  dioecious  trematodo,  ScMstosonia 
niansoni  (p.  875).  The  adult  parasites 
lodge  in  the  tributaries  of  tlie  portal 
vein,  especially  the  inferior  inesenteric 
veins,  and  the  females  tliere  lay  ova 
which  escape  into  the  surroimding 
tissues.  The  ova  give  rise  to  much 
irritation  and  lead  to  lesions  in.  the  large 
intestine,  especially  in  the  rectum,  of 
nature  similar  to  tilioso  caused  in  ilie 
bladder  by  tlie  ScJmtmonha  hamhaM)biur)h. 
The  eggs  are  ova,l,  measuring  about 
140  g  in  the  long  diameter,  and  have  a 


small  lateral  spine  near  one  extremity. 
The  lesions  are  of  infiammatory  nature 
and  lea, (I  to  gi'ru'ral  thie.kcaiing  of  the 
1,1^  370 -Bilharziasis  oflargeintes-  .nucous  arul  suhinucous  coats  and 

tine,  showing  multiple  polypoid  usually  Ihoro  arc  also  nmlular  tiucken- 

nodules  projecting  from  mucous  ings  whi(‘U  (mla,rge  a, ml  give  rise  to 

surface.  X  i-  polypoid  ])r()jectious  (Kig.  870).  Ulcer¬ 

ation  witih  hicmorrluigo  occurs,  and 
sometimes  there  is  a  considerable  amount  of  (ibrous  thickening  of  the  wall. 
The  ova  are  present  in  large  numbers  in  the  lesions  umoro  some  o  tluun  become 
calcified  and  are  to  be  found  also  in  the  liccos.  Ihe  losrous  tend  to  bo  spoually 
mlrkedin  the  descending  colon  and  rectum,  and  thus  symptmns  Uko  those  o 
chronic  dysentery  result  ;  the  rectum  may  sometimes  become  prolapsed  and 
the  polypoid  masses  extruded.  Cirrhosis  of  the  hver  (p  (.o.l)  is  sometimes 
met  with  and  is  produced  by  the  actual  presence  of  ova  ;  these  may  occur  also 
rthrimrgs  and  other  parts  of  the  body.  Unlike  the  vesical  typo  intestinal 
biCziasis  does  not  appear  to  predispose  to  the  development  of  oarcinoma 
(Stewart). 


MECHANICAL  INTBKFERENCES  WITH  THE  INTESTINES 

Intestinal  Obstruction  :  Ileus.  Interference  with  the  passage 
of  the  intestinal  contents  may  he  complete  or  incomplete,  slowly  or 
suddenly  produced  ;  it  may  occur  in,  the  small  or  in  the  large  intestine 
and  it  may  he  brought  about  in  a  variety  of  ways.  Sudden  obstruc¬ 
tion  is  met  with  especially  in  the  small  intestine,  whereas  obstruction 
in  the  large  intestine  is  usually  of  a  more  gradual  kind.  The  cause 
may  he  mechanical,  nervous  or  vascular.  ^  ^ 

The  following  are  the  chief  mechanical  causes  of  intestinal 

obstruction :  ■  ,  •  i  u,. 

(a)  Constriction  from  outside— for  example,  by  a  hernial  sac,  by 
special  conditions  such  as  volvulus,  intussusception,  etc.,  or  by  fibrous 
adhesions.  This  is  the  Commonest  cause  of  acute  mechanical 
obstruction. 
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(h)  Stenosis  caused  by  tliickening  and  contraction  of  the  wall 
usually  takes  place  in  the  large  intestine  and  is  produced  by  siieli 
conditions  as  scirrhous  carcinoma  or  a  cicatrising  ulcer,  e.g.  rectal 
stricture  following  lymphopathia  or  in  chronic  dysentery.  The 
obstruction  from  this  cause  is  ordinarily  chronic,  but  an  acute  state 
may  be  added  by  the  impaction  of  inspissated  fmcal  masses  in  the 
narrowed  portion  of  bowel.  In  the  case  of  the  small  intestine, 
obstruction  may  result  from  an  ingrowth  of  cancer  from  the  peritoneal 
aspect. 

(c)  Actual  obstruction  of  the  lumen  .  This  may  result  from  impac¬ 
tion  of  a  large  gall-stone  or  other  foreign  body  or  by  the  growth  of  a 
tumour  into  the  lumen,  usually  a  malignant  tumour  but  sometimes 
a  simple  polypus. 

(d)  Pressure  from  outside,  e.g.  by  a  large  tumour  in  the  pelTis  ; 
obstruction  is  not  often  complete  from  such  a  cause. 

The  nervous  type  of  intestinal  obstruction  is  called  paralytic  or 
adynamic  ileus  and  may  occur  after  handling  of  the  intestines  at 
operation,  or  it  may  result  from  peritonitis.  The  principal  vascular 
lesions  producing  intestinal  obstruction  are  occlusion  of  the  mesenteric 
vessels  by  embolism  or  thrombosis.  In  the  commonest  type  of 
mechanical  obstruction,  seen  in  group  (a)  above,  vascular  obstruction 
is  commonly  superadded  and  the  subsequent  course  is  then  modified  ; 
when  the  blood  supply  is  intact  the  obstruction  is  said  to  be  smiple, 
when  it  is  impaired  the  term  strangulation  is  applied. 

The  site  of  the  obstruction  plays  an  important  part  in  determining 
both  the  effects  and  the  outcome.  High  intestinal  obstruction  is  in 
general  more  acute  in  onset,  more  rapid  in  its  progress  and  more 
likely  to  be  complete  than  low  intestinal  obstruction  which  is  usually 
of  slow  onset,  is  often  incomplete  and  is  less  rapidly  fatal.  We  shall 
take  as  examples  acute  obstruction  of  the  small  intestine  and  chronic 
obstruction  of  the  large  intestine. 

When  a  portion  of  the  small  intestme  is  suddenly  obstructed, 
e.g.  by  a  fibrous  band,  the  part  above  contracts  actively  for  a  time 
and  then  passes  into  a  condition  of  paralytic  distension.  There  are 
probably  both  increased  secretion  from  the  wall  and  diminished  absorp¬ 
tion,  and  thus  the  bowel  becomes  distended  with  fluid  contents  in 
which  there  is  abundant  growth  of  bacteria.  The  fluid  is  passed 
back  to  the  stomach  by  antiperistalsis  and  is  there  regurgitated.  Its 
exact  composition  will  depend  on  the  site  of  the  obstruction,  but  since 
nearly  8  litres  of  fluid  are  secreted  into  the  gut  daily,  of  which  all 
but  100  ml.  are  normally  reabsorbed,  the  volume  of  fluid  available 
for  loss  by  vomiting  is  obviously  considerable.  If  the  obstruction  is 
at  the  pylorus  or  duodenum  the  fluid  lost  will  be  predominantly  acid 
in  reaction  with  a  high  OV  content— this  will  result  in  a  depletion  of 
plasma  chloride,  and  the  urinary  excretion  of  chlorides  is  then  diminished 
or  absent.  Since  sodium,  the  ion  which  normally  balances  the  CT 
ion,  is  not  lost,  there  is  retention  of  carbonic  acid  to  take  the  place 
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of  the  lost  chloride  and  the  plasma  bicarbonate  content  therefore 
rises.  This  is  shown  clinically  by  drowsiness  and  slow  shallow  respira¬ 
tion  and  can  be  demonstrated  on  analysis  by  a  rise  in  the  00  2  coin- 
bining  power  ;  the  patient  is  then  said  to  bo  in  a  state  of  aUc<do,is. 

A  further  complication  is  the  development  of  tetany  due  to  a  fall  nr 
the  ionised  serum  calcium,  as  a  result  of  the  alkalosis.  If  the  flinc 
loss  is  great  enough  oliguria  and  extra-renal  urmnna  may  follow,  the 
blood  urea  being  markedly  raised  terminally.  Obstruction  in  the 
ieiunum  results  in  the  loss  by  vomiting  of  a  fluid  which  contmns 
saliva,  gastric  juice,  bile,  pancreatic  juice  and  succus  entericus  The 
sum  of  the  chemical  constituents  of  these  fluids  leads  to  a  loss  of 
approximately  equal  quantities  of  acid  and  base.  This  will  lead  to 
a,  low  plasma  01'  with  a  normal  CO  2  combining  power.  In  high 
obstruction  it  is  this  loss  of  fluid  and  electrolyte  which  leads  rapidly 
to  death.  The  blood  volume  is  diminished  and  a  state  of  dehydra¬ 
tion  and  hsemoeoncentration  results.  Replacement  of  fluid  and 
chloride  loss  is  therefore  essential  and  by  means  of  intravenous  saline 
infusion  life  may  be  prolonged  until  surgical  intervention  can  be 

undertaken.  r  4. 

In  low  intestinal  obstruction  there  is  a  large  surface  area  ot  gut 

proximal  to  the  obstruction  which  allows  of  reabsorption  ot  much 
of  the  regurgitated  fluid,  therefore  loss  by  vomiting  is  less  severe, 
but  ultimately  the  vomit  becomes  brown' and  foul-smelling,  the  so- 
called  fecal  or  stercoraceous  vomit,  and  there  is  dehydration  by  loss 
of  water  and  salt  into  the  lumen  of  the  bowel  which,  becomes  much 
distended ;  indeed  in  low  obstruotioir  the  most  important  factor  is 
distension.  The  contents  of  the  bowel  above  the  obstruction  are 
fluid  fecal  material  and  gas,  much  of  which  consists  of  swallowed 
air.  The  effect  of  prolonged,  increased  intra-luminal  pressure  is  to 
impair  the  viability  of  the  bowel  wall,  which  eventually  leads  to  its 
becoming  permeable  to  the  intestinal  contents.  These  are  therefore 
able  to  diffuse  out  of  the  gut  into  the  peritoneal  cavity  where  they 
are  absorbed  and  produce  toxaemia  and  death.  It  is  unlikely  that 
the  intestinal  contents  in  an  obstructed  gut  are  more  toxic  than 
those  normally  present,  and  it  has  been  shown  cx])erimentally  that 
the  intestinal  contents  from  normal  and  obstruitod  dogs  arc-,  eciually 
toxic  wLen  given  parenterally.  Death  in  low  obstructiiur  is  thus 
ultimately  due  to  the  distension  and  if  this  can  be  relieved,  e.g. 
by  intubation,  the  life  of  the  patient  may  be  prolonged  long  enough 
to  allow  of  surgical  intervention.  Loss  through  ileal  drainage^  of  a 
fluid  predominantly  basic  in  character  will,  if  untreated,  lead  to  acidosis 
in  which  a  low  CO2  combining  power  will  be  found,  and  in  addition 
to  salt,  the  patient  may  require  lactate  or  bicarbonate  parenterally. 

In  partial  chronic  obstruction  of  the  large  intestine,  the  wall  above, 
in  addition  to  becoming  distended  with  feces,  undergoes  hypertrophy 
in  a  varying  degree.  The  pressure  of  the  fecal  accumulation  on  the 
distended  wall  interferes  with  the  blood  supply  and  impairs  the 
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mitritioii,  and  hence  bacterial  invasion  may  occur  and  an  exudate 
may  form  on  the  mucous  surface.  In  other  cases  the  stretched  mucosa 
gives  way  and  so-called  ‘  stercoral  ulcers  '  form.  Perforation  of  such 
an  ulcer  may  occur,  and  hence  it  happens  that  sometimes  in  a  case 
of  chronic  stricture  the  perforation  may  be  at  some  distance  above 
the  obstruction,  e.g.  in  the  caecum,  in  cases  of  carcinoma  of  the  sigmoid 
colon.  The  most  severe  distension  is  usually  seen  in  obstruction  of 
the  colon  and  this  may  be  due  to  the  action  of  the  ileo-csecal  valve 
which  allows  passage  but  not  regurgitation  of  intestinal  contents. 
The  large  intestine  tolerates  obstruction  much  better  than  the  small 
intestine,  and  chronic  stricture  may  lead  to  complete  obstruction  for 
some  days  with  comparatively  slight  symptoms. 

In  obstruction  with  strangulation  the  viability  of  the  bowel  wall 
is  impaired  early  and  its  permeability  is  therefore  increased.  If  un¬ 
relieved  a  fatal  outcome  rapidly  results  from  toxic  absorption  and 
peritonitis.  A  strangulating  intestinal  obstruction  is  therefore  always 
an  acute  surgical  emergency. 

Vascular  Causes.  Apart  from  strangulation  these  are  chiefly 
embolism  or  thrombosis  of  the  superior  mesenteric  artery  but  throm¬ 
bosis  of  the  mesenteric  veins  will  produce  the  same  result,  ^s  is 
sometimes  seen  when  a  thrombus  occluding  the  portal  vein  extends 
backwards  to  obstruct  the  mouths  of  the  splenic  and  superior  mesen¬ 
teric  veins.  Haemorrhagic  infarction  with  necrosis  of  a  segment  of 
bowel  quickly  supervenes,  and  death  follow^s  from  toxic  absorption 
and  peritonitis. 

Obstruction  due  to  Nervous  Causes  :  Paralytic  or  Adynamic  Ileus. 
This  is  a  condition  in  which  the  motor  activity  of  the  bowel  is  impaired 
without  the  presence  of  a  physical  obstruction.  It  is  thought  to  be 
due  sometimes  to  over-activity  of  the  sympathetic  nervous  system, 
and  such  cases  may  be  relieved  by  antagonistic  drugs,  but  in  other 
cases  toxic  damage  to  the  bowel  muscle  causes  the  paralysis.  It  is 
seen  most  often  in  association  with  peritonitis  or  it  may  follow 
operations  on  the  abdomen,  frequently  of  a  minor  nature.  The  whole 
intestine  may  be  implicated  and  there  may  be  a  great  distension  of 
the  bowel.  The  condition  is  serious  and  if  untreated  will  result  in 
death  in  much  the  same  way  as  in  low  organic  obstruction.  The 
advent  of  intestinal  intubation  has  improved  the  outlook* — once  the 
distended  bowel  is  decompressed  its  contractility  may  return. 
Paralytic  ileus  commonly  accompanies  a  diffuse  inflammation  of  a 
segment  of  bowel,  e.g.  in  phlegmonous  enteritis. 

Hernia.  The  term  really  means  a  rupture,  but  it  is  applied  to 
any  protrusion  of  a  portion  of  viscus  outside  its  natural  cavity.  In 
the  case  of  the  bowel,  the  protrusion  usually  occurs  in  a  pouch  of 
the  peritoneum,  and  this  in  most  instances  projects  on  the  surface  of 
the  body,  forming  an  external  hernia  ;  in  rare  instances  the  peritoneal 
layer  becomes  ruptured.  The  term  internal  hernia  is  apphed  when 
there  is  no  swelling  present  outside.  In  the  occurrence  of  hernia  two 
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prime  factors  are  concerned,  viz.  (a)  local  iveaJmess  and  (h)  mcreamd 
pressure,  the  latter  being  usually  brought  aliout  by  muscular  exertion, 
coughing,  straining  at  stool,  etc.  The  local  weakness  is  often  (probably 
as  a  rule)  of  congenital  origin,  and  it  is  clearly  so  in^  certain  sites,  e.g. 
at  the  umbilicus  or  the  inguinal  canal ;  occasionally  it  results  from  the 
stretching  of  the  scar  of  an  operation  wound. 

Of  the  external  types  of  hernia,  the  commonest  are  the  inguinal, 
femoral,  and  umbilical.  Others,  less  common,  are  the  ventral  through 
any  portion  of  the  abdominal  wall  other  than  the  sites  mentioned— 
obturator,  etc.  The  inguinal  herniae  are  of  two  varieties,  the  indirect, 
where  the  hernia  follows  the  inguinal  canal  lateral  to  the  deep  epi¬ 
gastric  artery,  and  the  direct,  which  passes  medial  to  the  latter  vessel 


Fig.  371. — Longitudinal  section  of  il0O-ca3cal  intussusception. 

(a)  Mesentery  drawn  in  and  hsomorrlmgic,  ^(&)  apex  of  intussusception,  and  (c)  colon. 

£111(1  coniGS  tlirongli  tlie  GxtGi*ix£il  riii^.  .1. .lie  Icnioicil  liGiiiid) 

passes  under  Poupart’s  ligament  medial  to  the  f('moral  vessels. 
Examples  of  internal  hernia  are  seen  when  the  protrusion  occurs 
through  an  aperture  in  the  diaphragm,  through  the  foramen  of  Win¬ 
slow,  or  into  a  pouch  in  the  jejuno-duodenal  fossa,  the  pouch  then 
passing  behind  the  peritoneum.  In  the  ordinary  external  herniae, 
the  contents  are  usually  a  portion  of  small  intestine,  though  in  the 
larger  ones  omentum  or  other  structures  may  be  present.  Whilst  it 
is  generally  possible  to  return  the  contents  into  the  abdominal  cavity , 
theherniathenbeing  termed  ‘reducible,’  thismay  be  impossible  owing 
either  to  the  bulk  of  the  contents  or  to  adhesions  which  have  formed. 

The  most  serious  results  of  hernia  are  those  of  strangulation  and 
are  seen  when  the  conditions  are  such  as  to  interfere  with  the  circulation 
in  the  protruded  bowel.  This  may  occur  by  the  addition  of  a  fresh 
piece  of  boAvel  to  the  sac  or  by  accumulation  of  faeces  and  gas.  Some- 
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times  it  happens  when  the  hernia  is  first  formed,  a  portion  oi  bowel 
being  forced  into  a  tight  aperture  ;  this  is  not  uncommon  in  a  femoral 
hernia.  The  changes  following  strangulation  have  already  been 
described  (p.  13).  Along  with  the  strangulation,  obstruction  also  is,  of 
course,  produced  when  the  bowel  in  its  whole  thickness  is  involved. 
This  in  fact  may  occur  apart  from  strangulation. 

Intussusception.  This  is  a  condition  in  which  one  portion  of 
the  bowel  is  pushed  down  or  invaginated  into  the  portion  below. 
Such  an  occurrence  not  infrequently  takes  place  in  the  small  intestine 
in  children  at  the  time  of  death,  owing  to  irregular  contractions  of 
the  bowel,  and  the  term  agony  intussimception  is  applied  to  it.  Several 
intussusceptions  may  be  present.  In  this  form  the  portion  of  bowel 
invaginated  may  be  readily  removed  and  there  is  no  marked  con¬ 
gestion  or  indication  of  interference  with  the  blood  supply  ;  the 
condition  is  accordingly  of  no  practical  importance. 

Intussusception  may,  however,  occur  in  health  and  lead  to  very 
serious  results  ;  here  again  it  is  met  with  chiefl.y  in  children.  The 
commonest  site  is  at  the  ileo-csecal  valve,  and  usually  the  valve  forms 
the  apex  of  the  intussusception  and  is  passed  along  the  large  intestine 
(Fig.  371).  The  apex  may  ultimately  reach  the  rectum,  and  the 
bowel  affected  forms  a  fairly  firm  sausage-shaped  mass,  which  is 
palpable  during  life.  This  type  of  intussusception  is  called  ileo-csecal. 
More  rarely  the  small  intestine  is  passed  through  the  orifice  into  the 
colon — iloo-colic  type — and  there  may  be  also  combinations  of  these 
two  types  with  more  complicated  arrangements  of  the  parts.  For 
example,  the  ileo-caecal  value  may  be  passed  along  for  only  a  short 
distance,  so  that  the  tip  of  the  appendix  may  be  still  visible,  and 
then,  through  the  upper  opening,  coils  6f  the  small  intestine  ma.y 
be  passed  down  and  firmly  impacted.  Intussusception  occurs  in 
other  situations,  for  example,  in  the  small  intestine  or  the  transverse 
colon,  but  it  is  comparatively  rare.  It  occurs  sometimes  in  connection 
with  a  Meckel’s  diverticulum  or  with  a  polypus,  over  which  apparently 
the  intestine  contracts  and  which  it  then  endeavours  to  pass  along 
as  if  it  were  a  foreign  body.  The  intestinal  wall  at  the  site  of  attach¬ 
ment  is  thus  drawn  in  and  intussusception  results.  In  intussusception 
of  the  ordinary  type  three  layers  of  bowel  are  to  be  seen  on  section, 
viz.  two  layers  formed  by  the  doubling  of  the  bowel  invaginated, 
and  one  layer  constituted  by  the  wall  of  the  bowel  into  which  the 
intussusception  has  occurred,  i.e.  it  consists  of  four  parts,  (1)  the 
apex,  (2)  an  entering  tube,  (3)  a  returning  tube,  and  (4)  an  ensheathing 
tube,  but,  as  has  been  stated  above,  a  more  complicated  disposition 
of  the  bowel  may  be  present.  Intussusception  of  the  appendix  has 
been  recorded,  but  it  is  very  rare  ;  it  occurs  chiefly  in  children. 

Results.  The  important  effect  of 'intussusception  is  interference 
with  the  blood  supply  and  there  is  also  mechanical  obstruction  of  the 
bowel.  The  vessels  of  the  invaginated  part  are  pulled  upon  and  also 
constricted ;  intense  venous  engorgement  is  the  result,  and  this  is 
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followed  by  diffuse  haemorrhage  into  the  tissues  of  the  bowel.  Accord¬ 
ingly  the  passage  per  anum  of  a  mixture  of  blood  and  mucus,  com¬ 
pared  to  red-currant  jelly,  is  a  common  sign  of  intussusception; 
often  pure  blood  is  passed.  Following  upon  the  hinmorrhagic  infarc¬ 
tion  of  the  bowel,  necrosis  may  take  place  and  the  part  undergo 
gangrenous  softening.  It  will  be  noted  that,  at  the  upper  part  of  the 
intussusception,  the  serous  surface  of  the  invaginated  part  is  in  contact 
with  that  of  the  bowel  receiving  the  invagination,  and  thus  at  this 
point  adhesions  may  form  and  prevent  extension  of  organisms  to  the 
peritoneum.  The  dead  tissue  of  the  invaginated  bowel  may  gradually 
slough  away  and  a  process  of  natural  cure  follow.  In  most  cases, 
however,  death  occurs  from  general  toxaemia,  or  organisms  gain  access 
to  the  peritoneum  and  cause  a  diffuse  peritonitis.  When  a  favourable 
result  follows  without  operation,  portions  of  sloughs  from  the  dead 
bowel  may  be  passed  for  a  considerable  time  after  the  intussusception 
has  occurred. 

Volvulus.  This  is  a  condition  in  which  a  loop  of  bowel  is  twisted 
or  rotated  through  two  right  angles  or  more,  so  that  obstruction  and 
a  varying  degree  of  strangulation  result.  The  condition  is  most  apt 
to  occur  when  a  loop  has  a  long  attachment  and  the  ends  are  com¬ 
paratively  close  together,  rotation  in  such  cases  being,  of  course, 
facilitated.  The  great  majority  of  cases  are  met  with  at  the  sigmoid 
flexure,  and  the  occurrence  of  the  volvulus  is  aided  by  a  long  mesocolon 
and  by  a  loaded  sigmoid  due  to  constipation.  Usually  the  upper 
part  of  the  sigmoid  passes  forwards  and  downwards  so  as  to  lie  in 
front  of  the  upper  part  of  the  rectum.  Once  the  twist  has  occurred, 
passage  of  fceces  is  prevented.  The  bowel  becomes  more  and  more 
distended,  the  venous  retufti  is  interfered  with,  and  the  wall  becomes 
congested  and  haemorrhagic  ;  ultimately  it  may  become  almost  black. 
In  some  cases  a  portion  of  bowel  is  found  to  be  enormously  distended, 
filling  a  large  part  of  the  abdominal  cavity.  Volvulus  of  the  small 
intestine  may  occur  also,  but  it  is  less  common ;  the  favouring  con¬ 
ditions  are  the  same,  and  sometimes  the  approximation  of  the  ends 
of  the  loop  is  due  to  local  adhesions  around  calcified  mesenteric  lymph 
nodes.  In  children,  however,  volvulus  of  the  small  bowel  is  much 
commoner  than  in  the  adult.  Occasionally  two  loops  of  intestine 
become  intertwined  and  then  the  symptoms  are  very  severe ;  but 
this  is  rare. 

Intestinal  Obstruction  due  to  Foreign  Body.  The  most 
common  cause  of  this  type  of  obstruction  is  a  large  composite  gall¬ 
stone,  which  has  entered  the  duodenum  through  a  fistulous  track 
developing  between  gall-bladder  and  bowel.  The  calculus  passes 
along  the  intestine  but  may  become  impacted  at  some  point,  this 
being  aided  by  spastic  contraction  of  the  bowel,  as  the  size  of  even 
the  largest  stones  is  less  than  the  diameter  of  the  fully  relaxed  bowel. 
In  our  experience  the  point  of  impaction  is  usually  about  four  feet 
proximal  to  the  ileo-ca^cal  valve,  corresponding  roughly  to  the  site 
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of  the  omphalo-mesenteric  duct.  Swallowed  foreign  bodies  may  act 
similarly,  and  we  have  seen  more  than  once  obstruction  of  the  ileum 
by  a  mass  of  dried  fruit  swallowed  without  mastication  by  elderly 
edentulous  subjects.  Rarer  causes  of  obstriictioii  of  this  type  are 
neoplasms  of  the  intestine,  sometimes  simple  polypoid  tumours  but 
more  often  malignant  gi'owths  which  project  markedly  into  the  lumen. 

Hirschsprung’s  Disease.  This  is  a  rare  affection  met  with  in  the  earlier 
years  of  life  and  is  apparently  of  congenital  origin  ;  it  is  distinguished  from 
other  forms  of  megacolon  in  infancy  on  clinical  and  radiological  grounds.  It 
is  characterised  by  an  enormous  distension  and  enlargement  of  the  colon  which 
then  forms  a  large  portion  of  the  abdominal  contents  and  gives  rise  to  great 
swelling  from  accumulation  of  faeces,  which  may  be  voided  only  at  considerable 
intervals.  Repeated  attacks  of  obstruction  are  common.  The  distension 
may  extend  as  far  as  the  esecimi,  but  at  first  affects  mainly  the  lower  part. 
In  true  Hirschsprung’s  disease  the  rectum  is  not  involved  in  the  distension  and 
the  grossly  hypertrophied  and  dilated  colon  tapers  rather  abruptly  into  a  narrow 
segment  joining  sigmoid  to  anus.  The  fundamental  lesion  (Bodian)  appears 
to  be  a  congenital  absence  of  the  parasympathetic  ganglion  cells  from  both 
Auerbach’s  and  Meissner’s  myenteric  plexuses  for  a  distance  of  5-20  cm.  below 
the  dilated  sigmoid,  i.e.  corresponding  to  the  narrow  segment  of  reetiuii.  In 
consequence  there  is  overaetion  of  the  sympathetic,  which  normally  inhibits 
the  propulsive  contraction  of  the  intestinal  wall  and  stimulates  contraction  of 
the  internal  anal  sphincter.  The  disease  is  thus  one  of  neuromuscular  inco¬ 
ordination.  While  lumbar  sympathectomy  has  proved  helpful  in  some  cases, 
the  results  have  not  always  been  permanent  and  exision  of  the  defective  narrow 
segment  and  anastomosis  of  the  sigmoid  to  the  anus  has  given  more  promising 
results  (Stephens). 


TUMOURS 

The  tumours  of  the  intestine  correspond  in  a  general  way  with 
those  of  the  stomach.  Neuro-fibroma,  lipoma,  and  leiomyoma  are 
occasionally  met  with  in  both  small  and  large  bowels  and  we  have 
seen  an  infiltrating  leiomyoma  of  the  rectum  which  had  penetrated 
the  whole  thickness  of  the  rectal  wall,  and  presented  on  the  mucosal 
surface  as  an  ulcerating  growth  with  everted  edges,  so  that  it  resembled 
a  fungating  cancer.  Both  haemangioma  and  lymphangioma  are  also 
met  with,  and  may  be  multiple.  These  simple  connective  tissue 
growths  may  be  subserous  or  submucous  in  position,  and  as  in  the 
case  of  the  much  commoner  adenomatous  growths  of  the  colon  to 
be  described,  they  may  become  polypoid  and  may  give  rise  to  an 
intussusception  (p.  611).  Epithelial  neoplasms  of  the  small  intestine 
are  rare,  forming  less  than  2  per  cent,  of  all  intestinal  new  growths, 
but  both  simple  pol5rps  and  carcinoma  occur.  The  latter  sometimes 
arises  at  the  papilla  of  Vater,  and  we  have  also  seen  several  examples 
of  primary  annular  carcinoma  mostly  in  the  2nd  and  3rd  parts  of  the 
duodenum,  and  more  rarely  in  the  jejunum  ;  primary  growths  of  the 
small  intestine  are,  however,  very  rare  apart  from  the  so-called 
carcinoid  or  argentaffin  tumours  (p.  616).  The  commonest  simple 
tumour  of  the  large  intestine  is  the  papilloma  or  polypoid  adenoma, 
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and  this  occurs  at  all  ages,  being  not  infrequent  in  the  rectum  in  child¬ 
hood  ;  such  adenomatous  polyps  may  he  single  and  may  reach  a 
considerable  size,  hut  more  often  they  are  multiple  and  sometinies 
they  are  very  numerous,  especially  in  the  condition  known  a.s  poly¬ 
posis  intestini,  where  hundreds  of  tumours  may  be  present  from  the 


Fia.  372. — ^Polyposis  coli.  Iniiimier- 
able  small  polyps  and  several  larger 
ones  are  present.  Two  small  can¬ 
cers  have  developed  just  above  the 
anal  margin,  x 


Fia.  373. — Cancerous  stricture  {a)  of 
colon. 

Note  the  hypertrophy  of  the  wall  above ;  below 
there  ig  a  simple  pedunculated  adenoma  {&),  x  i). 


caecum  to  the  reetum.  Polyposis  is  a  hereditary  disorder,  the  tendency 
being  transmitted  by  either  sex,  usually  as  a  Mendelian  dominant, 
but  in  some  famUies  apparently  as  a  recessive  character.  While 
there  is  a  considerable  tendency  to  the  development  of  malignancy 
in  adenomatous  polyps  as  a  whole,  e.g.  Stewart  found  an  association 
with  one  polyp  or  more  in  28  per  cent,  of  intestinal  cancers,  this 
danger  is  very  much  greater  in  familial  polyposis  coli,  and  over 
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80  per  cent,  of  persons  affected  by  familial  polyposis  suffer"  from 
carcinoma  of  the  intestine  sooner  or  later. 

^  Carcinoma  of  the  Large  Intestine  is  one  of  the  commonest  new 
growths  ill  the  male  ;  the  most  frequent  site  is  in  the  rectum,  next 
follows  the  sigmoid  loop,  the  caecum  and  ileo-csecal  valve,  and  the 
flexures.  When  growth  beguis  in  an  adenomatous  pol3rp  inflltration 
of  the  stalk  and  base  occurs  so  that  the  growth  appears  like  a  button 
fixed  to  the  bow'el  wall ;  subsequently  the  centre  breaks  down  and 
a  necrotic  ulcer  vith  rolled-over  everted  edges  results,  the  base  then 
being  fixed  to  the  muscular  coat,  ivhich  is  ultimately  breached  by 
progressive  ulceration.  Spread  in  the  submucous  and  subserous 
lymphatics  also  occurs  so 
that  the  growdih  gradually 
encircles  the  bowel  wall. 

The  majority  of  cancers  of 
the  colon  are  of  the 
scirrhous  type,  resulting  in 
some  degree  of  contraction 
and  stricture  ;  some,  how¬ 
ever,  are  soft  and  funga- 
tiiig,  and  others  are  mucoid 
or  gelatinous.  Histologi¬ 
cally,  practically  all  in- 
testmal  cancers  are  of 
adeno-carcinoniatous  type, 
some  being  highly  differ¬ 
entiated,  while  others  are 
anaplastic  and  the  arrange¬ 
ment  of  the  cells  is 
irregular.  The  more  slowly 
growing  types  have  a  great 
tendency  to  encircle  the 
bowel,  forming  a  ring- 
shaped  growth  and  thus 
producing  narrowing  or  complete  obstruction.  The  bowel  above  the 
obstruction  undergoes  great,  sometimes  enormous  dilatation,  while 
its  wall  becomes  hypertrophied  (Fig.  373).  The  pressure  of  the 
contained  faeces  interferes  with  the  nourishment  of  the  mucosa  and 
a  pseudo-membranous  inflammation  may  be  superadded.  In  other 
cases,  the  wail  becomes  thinned  and  a  so-called  stercoral  ulcer  may 
follow,  and  this  may  undergo  perforation  with  resulting  peritonitis. 
The  softer  type  of  cancer  forms  an  irregular  mass  which  in  its  turn 
may  bring  about  obstruction  by  projecting  into  the  lumen  (Fig.  374). 
The  mucoid  type  may,  as  in  the  stomach,  lead  to  widespread  infiltra¬ 
tion  and  thickening  of  the  wall,  and  may  give  rise  to  secondary  gi*owths 
in  the  peritoneum.  It  is  of  interest  to  note  that  this  type  of  cancer 
is  not  very  uncommon  in  the  earlier  years  of  adult  life. 


■  ‘  '  V' 


Fia.  374. — Large  polyjioid  adeno- carcinoma 
of  descending  colon,  x  f. 
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Ill  cases  of  cancer,  it  is  snrgicall}?-  important  that  invasion  of  the 
lymphatics  takes  place  at  an  early  period,  but  secondary  growths  in 
the  liver  usually  occur  relatively  late.  The  growth  occasionally  spreads 
to  the  peritoneum,  and  results  similar  to  those  described  in  the  case 
of  the  stomach  are  produced.  The  most  important  precancerous 
condition  is  the  presence  of  intestinal  papillomata  just  described 
above.  Squamous  epithelioma  may  occur  in  the  mucosa  of  the  anal 
canal,  and  tumours  containing  both  squamous  and  adeno-carcino- 
inatous  elements  are  occasionally  seen.  True  carcinoma  may  originate 
in  the  appendix,  but  this  is  very  rare. 

Carcinoid  Tumour  :  Argentaffinoma.  In  the  routine  exam- 


PxG.  375.  ^Argeixtaffinoma  of  ileum  Fig.  376.-— -LymphosarcoJiia  of 
causing  obstruction.  '  region.  X 

,  I^ote  dilatation  and  hypertrophy  of  bowel  above 

the  tumour  (a)  and  secondary  deposit  in  the  mesen¬ 
teric  lymph  node  {&).  X 


ination  of  appendices  removed  surgically  it  is  not  uncommon  to 
find  at  the  tip  a  yellowish-brown  nodule  a  few  millimetres  in  diameter, 
which  consists  of  small  clear  cells,  closely  packed  in  alveolar  forma- 


INTESTINES 


617 


tioii,  throughout  the  ^\Eole  thickness  of  the  appendicular  wall.  The 
yellowish  colour  is  due  to  the  presence  of  lipoids,  some  of  which  are 
doubly  refracting.  Such  neoplasms  are  known  as  carcmoids  and  in 
the  appendix  they  usually  show  no  sign  of  active  grow'th  and  clinically 
are  usually  benign,  in  spite  of  the  appearance  of  infiltration.  Carcinoid 
tumours  also  occur  in  the  small  intestine,  especially  in  the  lower 
ileum,  and  are  sometimes  multiple,  forming  small  button-like  swellings 
in  the  mucosa.  Ileal  carcinoids  are  not  so  benign  as  those  in  the 
appendix,  and  we  have  seen  as  a  consequence  both  intestinal  obstruc¬ 
tion  and  metastases  to  the  mesenteric  lymph  nodes  and  liver,  but 
these  secondary  deposits  may  grow  exceedingly  slowly.  Masson  has 


Fig.  377. — Carcinoid  tumour  of  appendix,  showing  clumps  of  small 
polygonal  epithelial  cells  in  alveolar  spaces,  x  30. 

shown  that  the  tumour  cells  contain  granules  which  reduce  silver 
salts — hence  called  argentaffin  cells- — and  they  appear  to  take  origin 
from  similar  cells  at  the  bottom  of  the  crypts  of  Lieberkuhn — the 
cells  of  Kulschitzky .  In  the  appendix ,  carcinoid  tumours  are  commonly 
related  to  old  inflammatory  lesions  and  the  cells  are  often  associated 
with  proliferated  nerve  fibres. 

Sarcoma  of  the  intestine  is  comparatively  rare,  the  commonest  form 
being  lymphosarcoma  (Eig.  376).  We  have  observed  several  examples 
in  young  persons  in  the  terminal  ileum  and  ileo-caecal  region,  where  it 
forms  a  bulky  mass  causing  rapidly  progressive  obstruction.  Some¬ 
times  the  growth  is  of  a  diflffise  character  converting  several  feet  of 
bowel  into  a  rigid  tube.  There  is  diffuse  infiltration  of  the  mucosa 
and  submucosa  with  a  soft  whitish  cellular  tumour,  the  coats  being 
much  thickened  and  ulceration  follows.  In  other  cases  multiple  foci 


618 


TEXT-BOOK  OF  PATHOLOGY 


of  apparently  iiidependeiit  growth  occur  and  aa'c  have  .seen  repea.ted 
perforations  necessitating  multiple  resections.  Ultimately  the  mesen¬ 
teric  lymph  nodes  are  extensively  involved  and  become^  (Mionnously 
enlarged,  the  whole  condition  being  described  as  inieMinal  lympho- 
sarcomatosis.  Sarcoma  of  spindle-celled  type  is  also  met  with.  Some 
appear  to  arise  in  leiomyoma,  others  in  neuro-fibroma  ;  botli.  tend 
to  become  pedunculated. 

Secondary  growths  in  the  intestine,  apart  from  invasion  by  way 
of  the  peritoneum,  are  extremely  uncommon  though  melanotic 
tumours  are  occasionally  met  with.  The  peritoneum  is  frequently 
the  seat  of  secondary  carcinoma  (p.  623)  and  the  bowel  may  be¬ 
come  invaded  from  the  serous  surface  and  its  lumen  considerably 
contracted. 

Congenital  Abnormalities.  The  commonest  of  these  is  the  occurrence 
of  a  Meckel’s  diverticulum,  which  represents  the  proximal  end  of  the  omphalo¬ 
mesenteric  duct.  The  diverticulum  is  of  elongated  form,  measuring  up  to 
about  15  cm.  in  length,  and  is  somewhat  narrower  than  the  small  intestine. 
Occasionally  it  is  adherent  at  the  umbilicus  and  in  some  cases  a  fistula  is  present ; 
or  again,  there  may  b©  obstruction  at  the  proximal  end,  sometimes  merely  by 
a  fold,  and  accumulation  of  mucus  occurs  so  that  an  eutv.ro-cyM  results.  A 
Meckel’s  diverticulum  rarely  leads  to  any  serious  results,  but  when  it  is  adliorent 
it  may  cause  volvulus  of  the  small  intestine  or  oven  more  severe  strangulation. 
Sometimes  heterotopie  acid-secreting  gast.ric  nuK’osii  is  ))r(\s('nt  a,n(l  may  l.c-ad 
to  peptic  ulceration  of  the  cliverticulum  witli  perfora,ti()n  or  Jucmol‘rha.g(^  ;  we 
have  also  seen  peptic  ulceration  from  the  sauKi  (‘.a,us(b  iju  the  |)orsi.sl.(u)t  uml)ilic.al 
end  of  the  duct.  It  may  be  added,  that  in  die  a,(lult.  the  divcudhuihim  occurs 
usually  between  three  and  four  feet  ahovc^  ifio  il(M).cie.(;al  valve  ;  a.n(l  at  a, bout 
half  that  distance  in  young  children.  Ca^rcinoma  has  o(',easionally  laxMi  observed 
to  develop  in  the  apex  of  a  Meckel’s  divcT-ticulum. 

Ste7iosis  or  actual  atresia  may  occasionally  occur  in  the  intestines.  In  the 
small  intestine,  the  commonest  site  is  at  the  orifice  of  the  common  bile-duct  or  at 
the  ileo-csecal  valve.  Occasionally  a  part  of  the  intestine  is  completely  absent, 
a  condition  which  is  usually  associated  with  evidence  of  other  malformations. 
The  commonest  site  of  atresia,  however,  is  at  the  lower  end  of  the  rectum,  and 
this  may  ocedt  in  varying  degree.  Sometimes  a  dimple  in  the  skin,  representing 
the  anus,  is  separated  from  the  lower  end  of  the  rectum  by  a  thin  layer  of  tissue 
— the  condition  being  Imown  as  imperforate  a/nus.  In  other  cases,  however, 
the  lower  end  of  the  rectum  may  be  absent  for  some  distance— recti. 
In  association  with  the  latter  condition,  there  may  also  l)e  a  fistulous  opening 
between  the  lower  end  of  the  bowel  and  the  bladder  or  urethra  in  the  male; 
in  the  female  the  communication  is  with  the  vagina. 


THE  PERITONEUM 

Acute  Peritonitis.  Infection  of  the  peritoneum  by  organisms 
takes  place  in  a  great  variety  of  ways  and  the  effects  are  of  all  degrees 
of  severity.  The  resulting  lesion  may  be  a  relatively  slight  inflamma¬ 
tion  in  a  restricted  area,  the  exudate  afterwards  becoming  absorbed 
or  undergoing  organisation ;  in  the  latter  case  fibrous  adhesions 
result.  This  is  especially  liable  to  happen  if  at  operation  the  peritoneal 
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surfaces  become  contaminated  by  surgical  talc,  tbe  siliceous  particles 
exercising  a  powerfully  irritating  effect  in  some  cases.  Virulent 
organisms  may,  however,  rapidly  invade  the  peritoneal  sac  widely,  and 
lead  to  death,  even  when  inflammatory  changes  are  at  an  early  stage. 
At  a  post-mortem  examination  in  such  a  case,  the  intestines  are  usually 
in  a  state  of  paralytic  distension  and  contain  much  fluid  material  and 
gas.  The  bacterial  toxins  apparently  act  on  the  muscle  directly  and 
lead  to  the  dilatation,  whilst  absorption  by  the  bowel  is  interfered 
with,  and  at  the  same  time  there  is  probably  increased  secretion ; 
thus  the  accumulation  of  fluid  results.  The  surface  of  the  bowel  is 
intensely  congested,  small  haemorrhages  are  present,  the  serosa  is 
dull,  and  there  are  flakes  and  strands  of  fibrin  between  the  coils, 
gluing  them  together ;  also  a  certain  amount  of  fluid  exudate  may 
be  present  at  places,  especially  posteriorly  and  in  the  pelvic  cavity. 
Such  is  the  usual  picture  in  a  case  of  acute  general  peritonitis,  but 
the  amount  and  characters  of  exudate  vary  greatly.  Sometimes 
there  is  merely  a  blood-stained  and  somewhat  turbid  fluid,  in  which 
there  are  swarms  of  bacteria  ;  such  a  condition  may  he  met  with  in 
streptococcal  and  in  mixed  infections.  The  profound  toxaemia  and 
rapidly  fatal  collapse  can  be  readily  understood,  because  not  only  is 
the  area  of  bacterial  multiplication  extensive  but  also  absorption 
takes  place  rapidly  from  the  peritoneal  cavity  both  by  blood  vessels 
and  by  the  lymphatics  of  the  diaphragm.  In  some  cases  the  organisms 
hkewise  are  absorbed  and  a  septicsemic  condition  develops.  Whilst 
the  general  effects  in  peritonitis  are  chiefly  the  result  of  toxic  absorp¬ 
tion,  symptoms  are  also  due  to  the  paralytic  ileus  which  occurs  in 
varying  degree. 

In  acute  peritonitis  there  is  evidence  of  marked  toxic  action  in 
the  various  organs  throughout  the  body — cloudy  swelling  and  early 
fatty  changes,  and  in  the  liver  not  infrequently  zonal  necrosis. 

Varieties.  The  varieties  of  peritonitis,  described  according  to 
the  characters  of  the  exudate  as  serous^  fibrinous,  hsemorrJkigic,  fibrino- 
'purulent,  and  suppurative,  correspond  with  those  seen  in  other  serous 
sacs,  and  accordingly  do  not  need  to  be  described  in  detail.  There 
is,  however,  a  special  form  in  the  peritoneum,  namely,  that  which  is 
the  result  of  perforation,  and  in  which  some  of  the  gastric,  intestinal 
or  biliary  contents  escape  into  the  cavity.  In  such  cases  a  varying 
amount  of  the  escaped  material  is  found  mixed  with  exudate,  usually 
of  a  serous  and  haemorrhagic  character  ;  and  numerous  bacteria  of 
great  variety  are  present.  Gastro-duodenal  perforation  is  usually 
attended  by  symptoms  of  shock,  etc.,  but  perforation  of  a  typhoid 
ulcer  may  be  almost  silent  clinically. 

One  point  of  importance  in  connection  with  the  peritoneum 
as  compared  with  other  sacs  is  that,  owing  to  the  complicated 
arrangement  of  the  serous  membrane,  the  inflammatory  process  may 
remain  localised  or  it  may  become  generalised,  and  the  resulting 
effects  are  very  different  in  the  two  cases,  as  will  be  illustrated 


620 


TEXT-BOOK  OF  PATHOLOGY 


below.  The  peritoneum,  by  virtue  of  the  cells  which  pass  into  it, 
has  great  powers  of  resisting  bacterial  invasion,  but  once  bacteria 
have  gained  a  foothold  there  they  may  spread  and  infect  a  large 
surface.  The  spread  is  often  prevented  by  jdastic  adhesions,  aided 
by  immobility  of  the  abdominal  wall  and  a  varying  degree  of  local 
paralysis  of  the  intestine. 

Conditions  of  Occdrrbnoe.  Some  of  these  have  already  been 
noted  in  connection  with  lesions  of  the  stomach  and  bowel,  and 
others  will  be  referred  to  later,  especially  in  relation  to  diseases  of 
the  female  genital  tract.  The  causes  are  very  numerous  and  we  shall 
give  only  a  survey  of  the  main  groups.  The  sources  of  infection  may 
be  conveniently  arranged  from  the  practical  point  of  view  in  three 
main  groups,  viz.  (a)  lesions  of  the  alimentary  tract,  (6)  lesions  of  the 
pelvic  organs,  and  (c)  lesions  of  the  solid  viscera,  retro-peritoneal 
tissue,  etc. 

(а)  In  tKe  majority  of  cases  of  acute  peritonitis,  the  bacteria 
reach  the  peritoneum  from  a  lesion  of  a  hollow  viscus,  usually  the 
stomach  or  the  bowel,  but  occasionally  the  gall-bladder.  This  occurs 
in  such  conditions  as  peptic  ulcer,  typhoid,  dysentery,  ulcerated  new 
growths,  stercoral  ulcers  (p.  615),  whilst  acute  appendicitis  is  the  com¬ 
monest  cause  of  all.  Accordingly,  in  investigating  any  case  of  peri¬ 
tonitis  post  mortem,  all  these  parts  must  be  carefully  examined.  Then 
there  is  the  whole  group  of  cases  where  there  is  some  mechanical 
interference  with  the  bowel,  e.g.  strangulated  hernia,  intussusception, 
etc.,  as  has  already  been  described.  Peritonitis  may  occur  secondarily 
also  in  infarction  of  the  small  intestine,  due  to  plugging  of  the  superior 
mesenteric  artery.  If  these  lesions  are  considered  as  a  whole,  it  is  to 
be  noted  that  in  some  cases  there  is  actual  perfoTiitiou,  whilst  in  others 
the  bacteria  reach  the  peritoneum  by  spread  through  the  wall  at  the 
site  of  the  lesion.  Acute  peritonitis  in  connection  with  an  inflamed 
gall-bladder,  for  example,  occurs  in  both  theses  ways,  lymphatic 
extension  with  localised  peritonitis  being  the  more  common,  but 
occasionally  rupture  of  a  necrotic  portion  of  the  wall  takes  place  and 
the  contents  escape ;  a  fatal  general  peritonitis  then  usually  results, 
A  similar  statement  applies  to  the  bladder  when  it  is  affected  by 
septic  cystitis. 

(б)  Peritonitis  extending  from  the  pelvic  organs  takes  origin  most 
frequently  in  infections  of  the  female  genital  tract.  Here  there  are 
two  chief  modes  of  spread,  namely,  (I)  by  direct  extension  from  the 
serous  covering  of  a  viscus,  and  (2)  by  way  of  the  Fallopian  tubes. 
Although  in  most  cases  the  mode  of  extension  of  the  inflammatory 
process  can  be  traced,  this  may  sometimes  not  be  possible.  Peritonitis 
often  occurs  secondarily  to  gonorrhoeal  salpingitis  ;  it  is  usually  a 
local  acute  condition  which  often  leads  to  adhesions,  but  occasionally 
localised  suppuration  may  follow.  Various  other  inflammatory  con¬ 
ditions  of  the  uterus  and  tubes  may  lead  to  peritonitis,  the  most 
important  being  those  of  puerperal  nature,  which  are  often  caused 


PERITONEUM 


621 


by  streptococci  and  are  sometimes  .rapidly  fatal.  Peritonitis  due  to 
pneumococcus  is  not  infrequently  met  with  in  children.  It  has 
been  recognised  that  it  is  more  common  in  the  female  sex,  and 
Macartney  has  shown  that  the  infection  takes  place  by  way  of  the 
genital  tract.  In  most  cases  the  pneumococci  belong  to  types  I  and 
II  (p.  405).  Again,  peritonitis,  either  localised  or  general,  may  arise 
in  comrection  with  septic  cystitis,  this  occurrence  being  commoner 
in  the  male  sex. 

(c)  Peritonitis  due  to  infection  from  solid  viscera  is  less  common, 
but  there  are  a  considerable  number  of  lesions  which  may  give  rise 
to  it.  As  examples,  we  may  mention  suppuration  in  the  liver, 
haemorrhagic  pancreatitis,  septic  infarction  of  the  spleen,  a  ruptured 
mesenteric  gland  in  typhoid  fever,  extra-peritoneal  suppuration,  etc. 
As  a  rule,  in  such  cases  the  origin  of  the  infection  can  be  readily  traced. 

Hmmatogenous  infection  of  the  peritoneum  also  occurs,  but  is 
much  rarer  than  in  the  case  of  other  serous  sacs.  It  is  met  with 
occasionally  in  Bright’s  disease,  septicaemia  and  infective  fevers,  but 
the  possibility  of  local  spread  of  the  organisms  must  always  be  con¬ 
sidered. 

The  bacteria  met  with  in  peritonitis  vary  greatly  according  to 
the  conditions  and  mode  of  spread,  as  wiU  be  readily  understood. 
Thus  any  organisms  of  the  pyogenic  group  may  be  concerned,  also 
the  typhoid  bacillus,  gonococcus,  proteus  bacilli,  and  various  anaerobes. 
We  may  say,  however,  that  when  infection  originates  from  the 
alimentary  tract  without  perforation,  bacilli  of  the  coli  group  and 
streptococci  are  those  most  frequently  concerned  ;  and  many  of  the 
most  acute  cases  are  due  to  the  latter,  though  the  virulence  varies 
greatly.  The  effects  of  B.  coli  are  usually  less  severe,  and  a  diffuse 
suppurative  peritonitis  due  to  this  organism  may  exist  for  some 
time  before  a  fatal  result  is  produced. 

Chronic  peritonitis,  which  is  usually  localised  in  distribution,  may 
occur  secondarily  to  an  acute  attack,  a  common  variety  being  the 
development  of  a  subphrenic  abscess  after  perforation  of  a  hollow 
viscus,  usually  due  to  peptic  ulceration.  ■  In  the  peritoneum  the 
presence  of  air  from  the  perforated  viscus  leads  to  separation  of  the 
liver  from  the  diaphragm  as  is  shown  clinically  by  the  loss  of  liver 
dullness.  Gastric  contents  containing  organisms  then  become  lodged 
in  the  subphrenic  space  thus  created.  Later  the  air  is  absorbed, 
the  surfaces  again  come  in  contact  and  are  first  glued  together  by 
fibrin,  thus  walling  off  the  inflamed  site.  Suppuration  then  occurs 
around  the  infected  material  and  the  resulting  collection  of  pus  con¬ 
stitutes  a  subphrenic  abscess.  A  similar  condition  more  rarely  occurs 
as  a  sequel  to  appendicular  abscess  (p.  588).  Peritonitis  may  be  of 
chronic  nature  from  the  begimiing,  as  a  result  of  a  chronic  lesion  in 
a  viscus— for  example,  chronic  gastric  ulcer,  chronic  •  cholecystitis, 
gumma  of  liver  and  sometimes  in  association  with  cirrhosis  of  the 
liver,  etc.  It  is  common  also  as  a  secondary  result  of  cancerous 
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growths  and  is  a  well-marked  feature  in  tuberculosis  of  the  peritoneum, 
as  mil  presently  be  described. 

Chronic  Hyperplastic  Peritonitis.  This  is  a  comparatively 
rare  but  interesting  condition  in  wliicli,  along  with  adliesions,  between 
the  viscera,  there  occurs  great  hyaline  thickening,  esj)ecially  of  the 
visceral  peritoneum.  The  distribution  of  the  lesion  varies  considerably  , 
but  the  liver  is  often  specially  affected  and  may  be  covered  by  giancing 
laminated  connective  tissue  of  whitish  appearance,  which  at  places 
may  reach  half  an  inch  in  thickness  or  even  more.  The  term  '  sugar- 
iced  liver '  (Zuckergussleher)  has  been  applied.  The  thickening  may 
be  attended  by  a  certain  amount  of  subcapsular  fibrosis  and  occasionally 
there  is  a  degree  of  cirrhosis  throughout  the  substance.  A  similar 
change  may  occur  on  the  surface  of  the  spleen  and  there  is  oftc^n 
fi.brous  thickening  with  retraction  of  the  omentum  and  nu^sc^iitery. 
The  chief  effect  is  an  intractable  ascites  requiring  rc^pc'at.ed  tappings. 
Such  a  condition  is  often  associated  witli  similar  changes  in  tlic  peri¬ 
cardium,  pleurae  and.  mediastinal  tissues,  and  great  thickening  of  the 
serous  membranes,  especially  of  the  lower  parts  of  the  pleuray  may 
be  present ;  W’-e  may  thus  speak  of  a  polyserositis.  (Other  names 
have  been  applied,  e.g.  Concato's  disease  when  all  the  serous  sacs  are 
involved,  Pick's  disease  when  the  pericardium  and  peritoneum  over 
the  liver  are  implicated  ;  but  these  seem  to  be  merely  varieties  of 
the  same  condition.)  Microscopic  examination  of  the  t,hickened  area 
shows  merely  laminated  hyaline  connective  tissue  in  a  relatively 
avascular  state.  With  regard  to  the  etiology,  it  is  not  possible  to 
say  anything  definite  but  in  Pick's  disease  tuberculosis  is  tbougbt 
to  be  responsible  in  a  considerable  proportion  of  cases.  Rheumatism 
has  been  supposed  to  play  a  part  in  some  cases,  graiiula,r  kidneys 
have  been  present  in  others  ;  but  no  explanation  of  the  remarkable 
hyaline  thickening  can  be  offered. 

Tuberculosis  of  the  Peritoneum,  The  peritoneum  is  often 
the  seat  of  tuberculous  infection,  and  this  may  be  generalised  or 
localised.  The  origin  of  the  generalised  type  may  be  a  c-aseoiis  lymph 
node,  as  is  not  uncommon  in  tabes  mesenterica,  or  the  bacfilli  may  reach 
the  peritoneum  from  a  tuberculous  Fallopian  tube,  either  directly 
through  its  covering  or  by  way  of  its  abdominal  opening.  In  other 
cases  where  no  gross  lesion  can  be  found,  the  infection  is  probably  by 
the  blood  stream,  a  small  focus  forming  from  which  dissemination 
afterwards  occurs.  The  condition  of  the  peritoneum  varies  widely  in 
different  cases.  There  may  be  an  eruption  of  very  minute  grey 
tubercles  all  over  the  peritoneum,  which  may  or  may  not  be  attended 
by  sero-fibrinous  effusion.  The  omentum  is  often  extensively  in  volved 
and  forms  a  large  mass  across  the  upper  part  of  the  abdomen.  Then 
again,  the  infection  may  be  accompanied  by  caseous  change,  which 
may  take  place  in  foci  here  and  there,  or  may  be  in  the  form  of  a  more 
diffuse  caseous  suppuration.  Lastly,  one  meets  with  cases  where  the 
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tubercles  are  comparatively  scanty  and  where  the  chief  result  is 
formation  of  adhesions,  which  may  be  attended  by  serous  effusion 
between  them.  When  chronic  tuberculous  peritonitis  is  associated 
with  ulcers  of  the  intestine,  ulceration  may  occur  between  the  adjacent 
loops  of  the  bowel. 

Ascites .  Serous  elOfusion  into  the  peritoneum,  of  a  purely  dropsical 
character,  is  met  with  in  cases  of  general  oedema  both  of  the  cardiac 
and  renal  types,  and  is  sometimes  of  marked  degree  ;  a  certain  amount 
of  accumulation  of  fluid  may  occur  also  in  severe  anaemias  and  wait¬ 
ing  diseases.  The  most  marked  examples  of  ascites,  however,  are 
the  result  of  portal  obstruction,  and  the  accumulation  of  fluid  is  often 
very  great  and  leads  to  enormous  distension  of  the  abdomen.  The 
commonest  cause  is  atrophic  cirrhosis  of  the  liver,  and  in  cases  which 
develop  primary  liver  cancer  thrombosis  of  the  portal  vein  often 
occurs,  the  ascitic  fluid  then  accumulating  very  rapidly  and  becoming 
blood-stained.  Ascites  may  result  from  conditions  outside  the  liver, 
which  lead  to  pressure  on  the  portal  vein,  such  as  tumour^growth, 
chronic  inflammation  with  contraction,  etc.,  and  also  from  endophlebitis 
of  the  hepatic  veins  (Chiari’s  syndrome).  In  the  conditions  mentioned 
the  ascites  is  purely  dropsical  in  nature  and  there  is  no  formation 
of  fibrin  in  the  peritoneum,  but  in  cases  of  portal  cirrhosis  it  is  not 
uncommon  for  a  mild  infection  to  become  superadded ;  in  about 
14  per  cent,  this  is  tuberculous.  Then  again,  ascites  may  result  from 
some  lesion  of  the  peritoneum — ^for  example,  disseminated  malignant 
growth  or  tubercle  ;  in  such  cases  inflammatory  reaction  of  varying 
degree  is  usually  present  and  the  fluid  which  accumulates  has  partly 
the  characters  of  an  exudate,  though  the  protein  content  is  relatively 
small.  Polymorpho-nu clear  leucocytes,  which  are  absent  in  the 
purely  dropsical  types,  are  then  to  be  found,  and  not  infrequently 
there  is  admixture  of  blood  in  the  fluid. 

Tumours.  Primary  growths  in  connection  with  the  peritoneum 
are  rare,  and  in  most  cases  they  take  origin,  not  from  the  seroxxs 
layer  but  from  some  adjacent  structure.  Thus,  to  mention  examples, 
Upom,a  may  arise  in  connection  with  the  appendices  epiploicse ; 
fibroma  takes  origin  from  the  connective  tissue  and  sometimes  from 
the  sheaths  of  the  nerves  in  neurofibromatosis  ;  and  lymphangioma 
is  occasionally  met  with  in  connection  with  the  lymphatics  of  the 
mesentery.  The  so-called  endothelioma  of  the  peritoneum  presents 
characters  corresponding  to  those  of  the  endothelioma  of  the  pleura 
but  is  less  frequent,  and  the  same  caution  in  the  interpretation  of  the 
appearances  is  required.  Sometimes  the  cells  are  cylindrical  in  form 
and  of  epithelial  type,  but  no  other  primary  growth  is  recognisable. 

Secondary  growths  of  the  peritoneum  are  comparatively  frequent, 
especially  from  gastric  and  ovarian  carcinoma.  They  may  be 
extremely  numerous  and  of  very  minute  size,  often  attended  by 
haemorrhage  and  inflammatory  reaction ;  or  there  may  be  larger 
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nodules  and  diffuse  infiltration.  The  omentum  is  very  frequently 
involved  and  hecomes  drawn  together  into  a  hard  irregular  mass. 
In  some  cases  of  cancer  the  chief  lesion  is  a  very  diffuse  infiltration 
with  thickening  of  the  serous  layers,  but  with  little  nodular 
formation  ;  by  such  a  process  the  mesentery  may  become  greatly 


Fig.  378. — Section  of  spleen  embedded  in  large  mass  of  mucoid 
(colloid)  cancer. 


thickened  and  shrunken.  Such  a  type  of  lesion  often  follows  '  h^atluvi*- 
bottle  ’  stomach  and  is  attended  by  marked  ascites.  In  cases  of 
mucoid  (colloid)  carcinoma  the  peritoneum  is  sometimes  the  seat  of 
enormous  masses  of  soft  and  somewhat  translucent  growth  (Fig.  378). 
Metastases  of  melanotic  growths  are  not  infrequent  and  the  peritoneum 
may  be  studded  with  enormous  numbers  of  small  black  nodules  ; 
these  tend  to  be  specially  numerous  in  the  omentum  and  mesentery. 


CHAPTER  XIV 

ALIMENTARY  SYSTEM  {continued) 

LIVER  AND  GALL-BLADDER— PANCREAS 
THE  LIVER 

Whilst  the  anatomical  changes  in  the  liver  in  disease  have  long 
been  extensively  studied,  knowledge  of  the  minute  histology  has  been 
greatly  improved  recently  by  methods  of  obtaining  repeated  biopsies 
during  life,  for  in  no  organ  does  autolytic  change  occur  with  greater 
rapidity  than  in  the  liver.  This  must  always  be  borne  in  mind  in 
interpreting  structural  changes  in  post-mortem  material,  for  the 
appearances  of  damage  may  thus  be  greatly  exaggerated.  Knowledge 
of  the  etiology  of  liver  disease  and  of  the  associated  functional  dis¬ 
turbances  is  still,  however,  in  many  respects  deficient.  The  forma¬ 
tion  of  bile  represents  only  one  of  the  many  functions  of  the  liver, 
which  participates  very  largely  in  internal  metabolism.  Until  recently 
the  occurrence  of  jaundice  and  obstruction  to  the  portal  circulation, 
alterations  in  the  size  of  the  organ  and  certain  ill-defined  symptoms 
formed  the  chief  evidence  of  hepatic  derangement.  The  introduction 
of  new  methods  for  judging  hepatic  efiiciency  and  for  estimating  the 
bilirubin  and  other  constituents  of  the  bile  in  the  blood  and  urine 
has  added  materially  to  our  knowledge,  and  the  better  understand¬ 
ing  of  the  biochemical  changes  taking  place  in  the  liver  has  shed 
fresh  light  on  the  etiology  of  many  hitherto  puzzling  liver  diseases, 
notably  the  so-called  acute  yellow  atrophies  and  cirrhotic  lesions.  The 
experimental  production  of  both  these  conditions  by  alterations  of  diet 
has  cast  doubt  on  the  role  of  h3rpothetical  toxins  in  their  causation 
and  has  contributed  to  an  understanding  of  the  geographical  dis¬ 
tribution  of  liver  disease.  It  is,  however,  difficult  to  assess  the 
importance  of  dietary  factors  in  individual  cases  and  the  causation 
of  such  diseases  in  man  is  not  yet  fully  understood.  In  view  of 
the  manifold  activities  of  the  liver  it  is  not  to  be  expected  that 
any  one  test  would  under  all  circumstances  give  a  reliable  indica¬ 
tion  of  hepatic  efficiency.  The  very  number  of  tests  used  in  current 
clinical  practice  is  an  indication  of  the  difficulty  in  assessing  liver 
damage  and  it  may  be  said  in  brief  that  the  present  methods  of 
estimating  liver  function  give  discordant  results  in  different  types  of 
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liver  damage.  We  sliall  give  further  coiisideratioii  to  this  subject 
after  we  have  discussed  the  various  diseases  of  the  liver. 


ClECXJLATORY  DISTURBANCES 

Ghrooic  Venous  Congestion.  In  all  cases  of  general  venous 
congestion  lasting  for  some  time,  due  to  cardiac  or  pulmonaiy  disease, 
the  liver  shows  characteristic  changes.  The  intra-lobular  veins  and 
the  adjacent  capillaries  become  distended  and  widened,  whilst  the 
liver  cells  undergo  atrophy  and  disajjpear.  Thus  the  central  ])arts 
of  the  lobules  come  to  be  dark  red,  and  contrast  markedly  with,  the 
peripheral  portions,  which  are  yellowish  owing  to  the  fat<ty  cluiagi^s 
which  accompany  the  congestion.  x4  characf, eristic  inotthMl  marking 
is  thus  produced,  and  the  term  ‘nutmeg  liver  is  apidied  (Fig.  4).  Tliere 


JB'ig,  379. — Section  of  liver  in  long-standing  chronic  venous  congestion,  showing 
hypertrophic  areas  of  pale  appearance,  x  |. 

is  often  also  some  bile-staining  of  the  liver  tissue,  and  slight.  g(MU‘.ra.l 
jaundice  is  sometimes  present.  The  nutmeg  liver  is  usua.Ily  in{‘.r(‘as(vl 
in  size,  and  firmer  than  the  normal,  and  the  surface  in  long-sta.nding 
cases  may ^ be  slightly  granular  or  irregular  owing  to  tlu^  atrophic*, 
changes  in  parts^  Sometimes  the  surviving  peripheral  tissiu's  muhn*- 
goes  compensatory  hyperplasia,  and,  as  this  is  grea.ttM,*  in  cuvUiln 
places,  the  marking  becomes  still  more  irregular,  as  is  w(*ll  s('en  in 
Fig.  379.  This  compensatory  hypertrophy  is  met  with  especially  in 
cases  where  the  chronic  congestion  has  started  in  early  lite,  and  there 
have  been  repeated  attacks  of  cardiac  decompensation  with  intcnwals 
of  recovery.  Microscopic  e‘Mim/vm;tion,  shows  that  there  ()(*,(*, urs  a 
gradual  widening  of  tlie  hepatic;  siimsoids.  iy:oimd  the  dilatcvl  e,entr*al 
yeihs^^TK.  expense  of  the  liver  (*eiis,^wliicdi  at  certain  stages  may  b(^ 
seen  to  be  atrophied  and  to  contain  granuj(*s  of  pignnmt.  I'lds  (*.haiig(^,  * 
until  the  columns  of  liver  cells  have  (piitc  disappeared,  and 
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the  central  parts  of  the  lobules  are  constituted  by  dilated  capillaries^ 
with  delicate  stroma  between.  The  walls  of  the  central  veins  and 
relafed  sinusoids  undergo  thickening,  and  there  may  be  some  general 
increase  of  the  portal  connective  tissue  ;  in  this  way,  the  liver  tissue 
becomes  somewhat  firmer  in  consistence.  The  accompanying  anoxia 
and  nutritional  disturbances  probably  play  the  chief  part  in  the 
atrophy  and  disappearance  of  the  liver  cells.  Actual  necrosis  of 
the  surviving  liver  cells  most  centrally  placed  and  haemorrhage  into 
the  trabeculae  may  sometimes  he  observed  in  x^ost-mortem  specimens, 
but  these  changes  probably  occur  shortly  before  death,  and  it  is  not 
clear  that  they  play  a  part  in  the  development  of  the  ordinary  struc¬ 
tural  changes  in  the  nutmeg  liver.  The  yellowish  colour  at  the  peri¬ 
phery  of  the  lobules  is  due  to  fatty  change.  Rarely,  true  fibrosis 
distinctly  central  in  distribution  may  be  present. 

Vascular  Obstruction.  Obstruction  of  the  portal  vein,  which 
may  be  due  to  thrombosis  or  tumour  growth,  does  not  produce  any 
serious  effect  on  the  structure  of  the  liver.  There  is  said  to  be  at 
first  a  diminution  in  the  amount  of  bile  formed,  but  later  the  function 
of  the  organ  appears  to  be  well  maintained.  Thrombosis  may  be 
due  to  disease  of  the  wall  of  the  vein — chronic  phlebitis  or  phlebo- 
sclerosis — ^which  may  be  of  S3^hilitic  origin ;  it  is  sometimes  seen  in 
cirrhosis  of  the  liver  and  may  result  from  thrombosis  spreading  from 
a  tributary,  e.g.  the  splenic  vein.  It  may  also  follow  compression 
from  without  or  invasion  of  the  wall  by  a  tumour,  especially  primary 
liver- cell  carcinoma,  and  it  has  been  observed  to  occur  after  injury. 
The  effect  is  a  marked  passive  h3rpera3mia  of  the  portal  system,  with 
great  enlargement  of  the  sj)leen  and  ascites.  In  cases  of  chronic  portal 
obstruction,  there  may  be  an  abundant  formation  of  new  vascular 
channels  in  the  portal  fissure,  so  that  a  cavernous  type  of  tissue  is 
formed.  The  effects  of  suppurative  thrombosis  are  described  below 
(p.  654).  Closure  of  a  branch  of  the  portal  vein  may  sometimes  be 
followed  by  red  infarction,  especially  when  there  is  venous  congestion 
or  imperfect  cardiac  action.  Such  infarcts  are,  however,  not 
haemorrhagic,  but,  as  already  explained,  are  due  to  an  engorgement 
by  blood  from  the  adjacent  vessels,  with  consequent  atrophy  of  the 
liver  cells  (p.  19).  It  has  been  found  that  in  the  rabbit,  ligature 
of  a  branch  of  the  portal  vein  leads  to  a  simple  atrophy  of  the  area 
supplied,  the  latter  undergoing  great  shrinking.  If,  however,  the 
animal  is  weak,  widening  of  the  capillaries  may  occur,  as  is  usually 
met  with  in  the  jiuman  subject  (Rous  and  Larrimore). 

Obstruction  of  the  hepatic  vein,  which  is  rare,  or  of  its  tributaries 
(the  latter  frequently  produced  by  tumour  growdih),  is  followed  by 
an  intense  engorgement  of  the  liver  tissue  and  a  degree  of  atrophy 
of  the  liver  trabeculae. 

Closure  of  the  trunk  of  the  hepatic  artery,  as  has  been  shown  by 
experimental  ligature,  produces  anaemic  necrosis  of  the  liver— no 
doubt  by  cutting  off  the  oxygen  supply.  Obstruction  of  its  branches, 
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however,  owing  to  the  collateral  anastomoses,  is  usually  without 
effect,  but  sometimes  small  areas  of  anaemic  necrosis  may  form  from 
blocking  of  the  smallest  terminal  twigs.  We  have  observed  extensive 
necrosis  of  the  central  zones  of  the  liver  lobules  in  }3olyarteritis  nodosa, 
apparently  from  anoxaemia  due  to  multiple  obstructions  of  small 
branches  of  the  hepatic  artery. 

Traumatic  Infarctions.  The  liver  is  apt  to  suffer  rupture  and  multiple 
laceration  in  cases  of  injury — crushing,  sever©  contusion  and  the  like— and  death 
is  likely  to  follow  from  haemorrhage  into  the  peritoneum  and  from  shock,  especially 
if  fragments  of  the  liver  are  sequestrated  and  become  free  in  the  peritoneal 
cavity,  where  they  exercise  a  profoundly  toxic  effect.  Portions  of  the  liver 
tissue  may  have  their  blood  supply  cut  off  by  laceration  of  the  vessels,  and 
where  the  patient  survives,  these  portions  may  undergo  anaemic  necrosis  and 
assume  a  dull  yellow  colour — the  term  traumatic  infarction  is  then  often  applied. 
The  necrosis  is  rather  of  the  coagulative  type,  and  awitolytic  softening  is  not 
marked.  At  a  later  period  healing  occurs,  and  vascular  connective  tissue,  in 
which  new  bile  ducts  may  be  present,  forms  around  the  necrosed  tissue  (p.  113). 

The  areas  of  necrotic  tissue  or  '  infarcts,’  which  are  sometimes  met  with 
in  cases  of  puerperal  eclampsia  (p.  634)  are  in  chief  part  due  to  the  coagulation 
which  occurs  within  the  blood  vessels,  althougli,  no  doubt,  direct  toxic  action 
on  the  liver  cells  also  plays  a  part. 


Atrophy  and  Hypertrophy 

The  chief  cause  of  general  atrophy  of  the  liver  is  inanition,  and 
in  this  condition  the  liver  undergoes  marked  diminution  in  size. 
The  lobules  are  shrunken,  and  the  organ  often  has  a  uniform  brownish 
colour.  A  certain  amount  of  atrophy  occurs  merely  as  a  senile  con¬ 
dition.  In  atrophied  livers  the  cells,  especially  in  the  central  parts 
of  the  lobules,  often  contain  granules  of  brownish -yellow  pigment  of 
lipoidal  nature — the  so-called  fuscous  degeueration  (p.  163).  Atrophy 
is  met  with  also  as  a  result  of  pressure  by  tumours  of  the  liver,  hydatids, 
etc,  ;  another  example  is  the  wasting  of  the  liver  tissue  in  amyloid 
disease.  Pressure  atrophy  is  seen  when  the  liver  is  compressed  over 
a  long  period  of  time ;  formerly  caused  by  tight  lacing,  it  is  now 
more  often  seen  in  men  who  wear  a  tight  belt  and  whose  occupations 
involve  much  stooping.  In  such  conditions  the  liver  is  altered  in 
shape,  and  antero-posterior  grooves,  due  to  lateral  pressure,  form  on  its 
upper  surface.  A  shallow  depressed  area,  over  which  the  peritoneum 
is  thickened  and  opaque,  is  often  present  anteriorly  and  is  due  to 
pressure  of  the  costal  margin  on  the  surface  of  the  liver  in  the  act 
of  stooping.  The  condition  known  as  acute  yellow  atrophy  is  not 
really  of  atrophic  nature  (p.  638). 

True  hypertrophy  of  the  liver,  compensatory  in  nature,  is  of  com¬ 
mon  occurrence.  As  already  stated  (p.  116),  it  takes  place  when 
part  of  the  liver  is  experimentally  removed,  and  in  a  corresponding 
way  in  many  chronic  lesions  which  lead  to  destruction  of  a  part  or 
parts  of  the  organ.  Thus  it  is  a  prominent  feature  in  cirrhosis,  in 
subacute  necrosis,  in  hydatid  disease,  and  sometimes  it  is  well  marked 
in  chronic  venous  congestion  where  there  has  been  much  loss  of  liver 
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tissue  (p.  626).  In  all  such  conditions,  the  surviving  liver  cells  first 
undergo  general  enlargement  and  then  division  by  mitosis,  and  in 
this  way  the  liver  parenchyma  is  increased.  The  hypertrophic  change 
often  occurs  in  foci,  and  the  surrounding  liver  cells  may  be  stretched 
and  even  atrophied.  Experimental  work  has  shown  that,  when  as  much 
as  two-thirds  of  the  liver  has  been  removed,  the  weight  of  the  organ 
may  be  restored  within  a  few  weeks.  In  fact,  the  restoration  occurs 
so  readily  that  endeavours  to  study  diminished  hepatic  function  by 
this  method  have  yielded  little  result.  The  restoration  of  liver  tissue 
occurs  by  means  of  hyperplasia  of  the  cells  of  the  surviving  lobules. 
The  term  ‘  regeneration,’  which  is  often  used  in  connection  with  the 
compensatory  process,  is  thus  rather  misleading. 


DEGENERATIONS  AND  NECROSIS 

The  liver  cells  are  undoubtedly  very  susceptible  to  the  action  of 
poisons  of  various  kinds.  These  poisons  are  most  frequently  bacterial 
toxins  in  infections,  though  injurious  effects  are  produced  also  by 
chemical  substances  of  known  nature,  which  may  be  introduced  into 
the  body  by  the  alimentary  tract,  e.g.  phosphorus  ;  by  inhalation, 
e.g.  chloroform  and  tetrachlorethane  ;  by  the  normal  skin,  as  in  the 
case  of  trinitrotoluol,  or  through  damaged  skin  in  the  tannic  acid 
treatment  of  burns.  The  liver  occupies  a  special  position  in  being 
the  organ  first  exposed  to  the  action  of  bacteria  and  poisons  absorbed 
by  the  portal  blood.  It  acts  as  a  defensive  organ  and  often  suffers 
in  consequence.  Accordingly  we  find  that  lesions  of  a  degenerative 
or  retrogressive  nature  are  common,  and  while  return  to  normal  may 
follow,  permanent  damage  results  in  many  instances.  The  lesions 
are  chiefly  {a)  cloudy  swelling,  {b)  fatty  change,  (c)  necrosis  ;  these 
vary  in  distribution  and  extent,  and  are  often  accompanied  by  capillary 
thrombosis,  exudation,  haemorrhage,  and  leucocytic  infiltration,  so 
as  to  lead  to  what  may  be  called  acute  hepatitis. 

Cloudy  Swelling.  This  is  a  result  of  acute  infections — ^specific 
fevers,  septicaemia,  pneumonia,  etc.  It  is  often  accompanied  by  a 
certain  amount  of  fatty  degeneration.  The  liver  is  somewhat  enlarged 
and  rather  soft ;  accordingly  the  liver  substance  tends  to  bulge  slightly 
when  an  incision  is  made.  The  liver  tissue  is  pale  and  pinkish  and 
has  the  so-called  ‘  parboiled  ’  appearance.  The  microscopic  changes 
have  already  been  described  (p.  136).  The  nuclei  of  the  liver  cells 
may  show  early  necrotic  change,  or  foci  of  necrosed  liver  tissue  may 
be  present.  Whilst  such  changes  are  undoubtedly  initiated  by  toxic 
action,  it  must  be  recognised  that  the  appearances  may  be  accentuated 
by  post-mortem  autolysis,  which  is  especially  active  in  the  liver. 

Fatty  Changes.  As  already  explained  (p.  137)  we  use  the  terms 
adiposity  to  mean  the  accumulation  of  fat  in  healthy  cells  and  fatty 
degeneration  %o  appearance  of  fat  in  damaged  cells.  It  is 
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now  accepted  that  fatty  degeneration  implies  accumnlation  of  fat 
brought  from  the  fat  depots  but  not  fully  metabolised  ;  it  is  a  true 
infiltration  of  fat  from  outwith  the  cell  and  the  processes  of  infiltration 
and  degeneration  cannot  therefore  be  sharply  separated.  This  is 
especially  prominent  in  the  liver,  where  accuraulation  of  fat  is  a  common 
occurrence. 

Fatty  degeneration  is  found  chiefly  in  acute  infections,  in  certain 
poisonings,  and  in  anaemias.  It  is  a  common  sequel  to  cloudy  swelling 
in  such  conditions  as  septicaemia,  bacterial  endocarditis,  peritonitis, 
etc.,  and  may  be  associated  with  areas  of  necrosis.  Here  also  the 
liver  is  soft  and  its  tissue  is  yellowish,  according  to  the  degree  of  the 
change,  but  the  weight  of  the  organ  usually  shows  little  or  no  increase. 
In  acute  phosphorus  poisoning  the  most  extreme  degree  of  fatty 
degeneration  is  met  with,  and  the  liver  may  have  an  almost  uniform 
yellow  appearance.  In  fatty  degeneration  generally,  the  fat  is  in 
the  form  of  minute  globules,  like  an  emulsion  in  the  cell  protoplasm, 
but  in  phosphorus  poisoning  globules  of  large  size  are  present, 
owing  to  much  infiltration  of  fat  from  outside.  Fatty  degenera¬ 
tion  is  produced  by  chloroform,  whether  given  by  inhalation  or  by 
subcutaneous  injection,  and  is  a  marked  change  in  what  is  known  as 
'  late  chloroform  poisoning.’  This  is  a  condition  which  occasionally 
occurs  after  anaesthesia,  especially  in  young  subjects.  The  symptoms 
usually  appear  about  a  day  afterwards,  and  include  vomiting  often 
attended  by  hoemorrhage,  slight  jaundice,  acidosis  and  collapse.  In 
fatal  cases  there  is  marked  fatty  degeneration  in  heart,  kidneys,  and 
liver,  often  accompanied  in  the  last  by  a  certain  amount  of  centi- 
lobular  necrosis.  The  condition  is  much  more  likely  to  occiir  in 
persons  whose  protein  stores  are  depleted  and  tlie  habit  of  starving 
patients  prior  to  chloroform  anaesthesia  is  injurious.  It  has  been 
shown  that  administration  of  methionine  up  to  4  hours  a/fter  the 
exposure  will  protect  against  the  necrosis.  The  fotty  (k'geiuu'atlon  in 
pernicious  anaemia,  leukaemia,  etc.,  is  mainly  central  in.  distribution, 
apparently  affecting  the  parts  farthest  from  the  arterial  blood  supply. 

Adiposity  of  the  liver  {fatty  infiltration)  occurs  in  varying  degi'ee 
in  conditions  of  obesity  and  may  be  regarded  as  an  exaggeration  of 
the  normal  process  of  fat  storage.  It  commences  round  the  portal 
tracts  and  at  an  early  stage  these  are  outlined  by  yellow  zones.  What 
may  be  regarded  as  an  extreme  example  is  not  uncommon  in  chronic 
alcoholism.  The  lobules  may  be  infiltrated  throughout,  and  the  organ 
is  increased  in  size,  often  weighing  2,500  g.  (five  pounds  or  over).  Its 
consistence  is  soft  and  it  pits  on  pressure,  while  the  cut  surface  has 
an  almost  uniform  yellow  colour  and  a  greasy  appearance.  In  such 
an  extreme  condition  microscopic  examination  may  show  each  cell 
to  be  distended  with  a  large  globule  of  fat,  the  nucleus  being  pushed 
to  one  side  ;  the  capillaries  are  pressed  on  and  obscured,  so  that  the 
P^^ts  somewhat  resembles  adipose  tissue.  A  similar 
condition  is  sometimes  met  with  in  cases  of  diabetes  and  in  chronic 
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tuberculosis,  especially  pulmonary  phthisis,  and  the  condition  of  the 
liver  forms  a  contrast  to  the  general  condition  of  emaciation.  As 
shown  by  Dible,  the  amount  of  fat  in  the  liver  depends  largely  on 
the  condition  of  nutrition  before  death.  In  states  of  inanition  increase 
of  fat  occurs  apparently  as  the  result  of  failure  to  utilise  the  fat  trans¬ 
ferred  from  the  fat  depots. 

The  development  of  fatty  infiltration  of  the  liver  is  largely  governed 
by  the  amount  of  lipotropic  substances,  principally  choline,  made 
available  by  the  diet.  These  are  essential  for  the  normal  phosphoryla¬ 
tion  of  fat  which  precedes  utilisation  by  the  tissues  and  in  their  absence 
fat  transported  to  the  liver  is  stored.  Accordhigly,  adiposity  of  the 
liver  can  readily  be  produced  by  dietary  excess  of  carbohydrate  and 
fat,  combined  with  deficiency  of  choline  or  of  high-class  protein  lacking 
the  essential  amino-acid  methionine  which  provides  the  labile  methyl 
groups  necessary  for  the  synthesis  of  choline.  Experimentally,  adi¬ 
posity  of  the  liver  rapidly  disappears  when  adequate  amounts  of 
choline  or  its  precursors  are  administered.  Long- continued  accumu¬ 
lation  of  fat  in  the  liver  often  precedes  the  development  of  portal 
cirrhosis  in  man  and  its  significance  in  the  etiology  of  this  condition 
is  now  fully  confirmed  by  experimental  work  (see  p.  650). 

The  widespread  occurrence  of  hepatic  enlargement  with  fatty 
change,  and  the  frequency  of  cirrhosis  and  primary  liver  carcinoma 
in  African  natives  and  in  the  Ear  East,  are  thus  probably  attributable 
to  the  effects  of  an  unbalanced  diet  and  especially  to  deficient  con¬ 
sumption  of  high-grade  protein. 

Pigmentary  Changes .  As  these  have  been  described  in  other 
chapters,  only  a  summary  need  here  be  given.  The  following  are 
the  chief  varieties  of  pigments  met  with  in  the  liver : — 

(A)  Atrophy  Figment.  This  occurs  towards  the  centres  of  the  lobules  in 
the  form  of  yellow-brown  granules  which  do  not  give  an  iron  reaction  and  are 
apparently  of  lipoidal  nature  (p.  163).  It  is  met  with  when  the  liver  cells  are 
undergoing  atrophy,  especially  in  the  later  years  of  life,  and  is  also  known  as 
fuscous  degeneration. 

(B)  Bile  Figment.  This  is  present  in  cases  of  jaundice  where  there  is 
obstruction  to  the  outflow  of  bile.  It  occurs  within  the  liver  cells  in  the  form 
of  greenish-brown  granules,  especially  in  the  central  parts  of  the  lobules,  and 
also  within  the  bile  capillaries  in  the  form  of  irregular  hyaline  cylinders  or  casta 
of  olive-green  colour.  From  these  casts  branches  may  sometimes  be  seen  passing 
into  the  substance  of  the  liver  cells.  They  are  composed  of  inspissated  bile, 
probably  in  combination  with  some  albuminoid  material,  and  are  sometimes 
spoken  of  as  biliary  thrombi. 

(C)  Hmnosiderin.  This  pigment,  which  gives  the  iron  reaction  with  potas¬ 
sium  ferrocyanide  and  hydrochloric  acid,  is  met  with  mainly  in  conditions 
where  there  has  been  excessive  blood  destruction  or  absorption  from  haemorrhages. 
Hsemosiderin  usually  appears  first  in  the  Kupffer  cells  and  may  become  abun¬ 
dant.  It  is  found  also  in  the  form  of  brownish-yellow  granules  within  the  liver 
cells,  especially  at  the  periphery  of  the  lobules,  but  in  an  early  stage  the  cells 
may  give  only  a  diffuse  iron  reaction.  The  presence  of  this  pigment  is  a  promi¬ 
nent  feature  in  pernicious  anaemia  in  relapse,  but  it  may  occur  in  leukaemia,  in 
maliguant  malaria,  and  in  various  conditions  attended  by  blood  destruction, 
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e.g.  sepsis.  The  iiiost.  abiiiulani}  deposits  of  luBmosideriii  are,  liowever,  met 
with  in  li£emo(3hromatosis  (p.  Khl).  The  pigment  may  be  in  enormous  quantities, 
not  only  in  the  li\a>r  cells,  but  in  tlie  walls  of  capillaries  and  in  the  connective 
tissue  generally.  In  the  normal  liver  the  amoimt  of  iron  is  about  ()-08  per  cent, 
of  the  dried  substance  ;  in  pernicious  arnemia  tlie  ainoimt  is  about  0*3  per  cent., 
whilst  in  hremochromatosis  it  may  reach  tlie  liigh  figure  of  5  per  cent,  or  even 
more.  In  the  early  months  of  life  the  liver  normally  gives  a  hannosiderin 
reaction  and  this  becomes  more  marked  in  wasting  conditions. 

(D)  Malarial  Pigment.  This  occurs  especially  in  chronic  cases  of  malarial 
fever  and  may  be  in  such  quantity  as  to  give  a  dusky  appearance  to  the  liver. 
The  pigment  is  in  the  form  of  very  minute  dark  brown  granules,  which  do  not 
give  the  ii'on  reaction,  and  is  deposited  chiefly  in  histiocytes  in  the  comiective 
tissue  of  the  portal  tracts  and  in  the  capillary  walls. 

Amyloid  Disease.  In  this  condition  the  liver  increases  in  size 
and  becomes  firmer  and  elastic  in  consistence,  and  the  enlarged 
organ  with  its  rounded  margin  is  often  palpable  during  life.  The 
structural  changes  and  causation  have  already  been  dealt  with  (p.  147). 
Amyloid  disease  does  not  produce  jaundice,  or,  as  a  rule,  ascites  ; 
but  the  occurrence  of  the  latter  in  general  oedema  due  to  the  accom¬ 
panying  amyloid  disease  of  the  kidney  is  possibly  aided  by  the  changes 
in  the  liver. 

Necrosis.  The  extreme  example  of  necrosis  is  seen  in  the  con¬ 
dition  known  as  ‘acute  yellow  atrophy/  or  massive  necrosis,  which 
is  described  separatelv  (n.  638).  Smaller  necrotic  lesions  are  of 

c  0  m  m  0  n  occurrence  in 
infections  and  poisonings. 
The  necrosed  tissue  has  a 
dull  yellowish  colour,  but 
the  areas  are  often  too 
small  to  allow  the  con¬ 
dition  to  bo  recognised  by 
the  naked  eye  ;  and  again, 
the  necrosis  may  be 
attended  by  haemorrhage, 
which  necessarily  obscures 
its  presence,  the  lesion 
then  a  p  p  e  a  r  i  n  g  as  a 
haemorrhagic  one.  Minute 
areas  of  necrosis  occur  in 
various  acuitc^  fevers— 
smallpox,  scarlet  fever, 
yellow  feyer,  '  diphtheria, 
etc.,  and  in  various  in¬ 
flammatory  andsepticaemic 
conditions.  In  some  cases 
small  areas  of  liver  tissue 
are  irregularly  affected— /oc<xZ  necrosis  ;  in  others,  a  particular  part  of 
the  lobules  is  involved — zonal  necrosis  ;  and  the  latter  may  be  in  the 
central,  intermediate,  or  peripheral  zones.  Such  a  distribution  mani- 
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Fia.  380.- — Oeatrilobular  aecrosis  from  a  case  ‘ 
of  streptococcal  peritonitis. 

Healthy  liver  cells  survive  only  around  the  portal  tracts, 
and.  between  them  and  the  central  necrotic  cells  is  a 
narrow  zone  of  fatty  change.  Frozen  section,  stained 
with  Sudan  ITT.  v  1  fi. 
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festly  depends  in  some  way  on  the  vascular  arrangements,  e.g.  liver 
damage  in  carbon  tetracWoride  poisoning  is  primarily  a  swelling  of 
all  the  parenchymal  cells,  which,  if  severe  enough,  leads  to  obstruc¬ 
tion  of  the  intralobular  flow  of  blood  ;  consequently  the  cells  most 
distant  from  the  arterial  supply,  i.e.  those  at  the  centre  of  the  lobule, 
suffer,  and  ultimately  centrilobular  necrosis  results.  Central  necrosis 
is  the  most  frequent  type  of  zonal  lesion,  and  is  not  uncommon  in 
streptococcal  and  pneuniococcal  infections  (Eig.  380.)  It  is  seen  in 
chlorofOTm  poisoning,  and  can  be  readily  produced  experimentally  by 
repeated  or  continued  inhalation  of  the  drug  in  quantities  short  of  a 
lethal  dose.  It  is  also  the  chief  lesion  in  infeetiye  jjepatitis.  ^  Mid- 
zonal  necrosis,  though  less  common  than  the  central  form,  is  a  definite 


Fig.  381. — ^Necrosis  of  mid-zonal  type. 

The  necrotic  part,  which  appears  pale,  involves  the  Intermediate  zone,  though  somewhat  more 
towards  the  portal  tracts.  (J.  S.  D.) 

and  striking  lesion  ;  we  have  met  with  it  in  some  cases  of  acute  |feri:. 
tomtis,  md  it  occurs  in  •yellow  fever  so  consistently  that  it  is  useful 
in  the  immediate  post-mortem  diagnosis  of  this  disease.  The  first 
change  in  yellow  fever  is  the  appearance  of  hyaline  eosinophilic  areas 
in  the  cytoplasm  of  the  liver  cells  which  ultimately  embrace  the 
entire  cell  (the  Gouncilman  lesionl  and  by  coalescence  of  adjacent 
degenerate  areas  the  zonal  necrosis  is  built  up.  In  other  conditions 
the  cells  in  the  intermediate  zone  throughout  the  liver  may  be  seen 
to  be  of  hyaline  or  granular  appearance,  without  nuclei,  and  showing 
various  stages  of  absorption  (Eig.  381),  whilst  mitoses,  indicating 
a  process  of  repair,  may  be  present  in  large  numbers  in  the  adjacent 
liver  cells.  In  cases  of  acute  gastro-enteritis  in  children  in  addition 
to  fatty  change  minor  degrees  of  necrosis  with  round- cell  infiltration 
are  sometimes  found  around  the  portal  tracts  (Blacklock). 


634 


TEXT-BOOK  OF  PATHOLOGY 


Ill  acute  phosphorus  poisoning,  the  outstanding  lesion  is  the 
intense  fatty  change  already  described,  but  there  may  also  be 
necrosis  of  cells,  especially  in  cases  where  death  occurs  after  about 
a  week.  It  appears  at  the  periphery  of  the  lobules,  and  as  the  dead 
cells  undergo  absorption,  there  occurs  an  ingrowth  of  bile-duct 
epithelium  from  the  free  ends  of  the  minute  ducts.  In  this  way 
numerous  new  bile-ducts  may  be  seen  at  the  margin  of  the  lobules, 
and  their  growth  is  accompanied  by  condensation  of  the  connective 
tissue  and  leucocytic  infiltration.  As  this  process  goes  on,  the  liver 
becomes  diminished  in  size,  and  the  resulting  condition  is  known  as 
the  ^  atrophic  phosphorus  liver.’ 

In  puerperal  eclampsia,  necrosis  of  liver  cells  is  an  almost  in¬ 
variable  occurrence.  In  many  cases  the  liver  substance  is  studded 

with  numerous  small 


Fi®.  382. — Section  of  liver  in  puerperal  eclamp¬ 
sia,  showing  two  large  areas  of  necrosis  and 
hsemorrhage.  (Natural  size.) 


haemorrhagic  points, 
and  these,  on  micro¬ 
scopic  examination,  are 
seen  to  be  necrotic  foci 
with  admixture  of 
much  blood  and  fibrin. 
These  foci  occur 
especially  around  the 
portal  tracts,  and  in 
cases  where  the  patient 
recovers,  might  lead  to 
reactive  overgrowth  of 
the  connective  tissue. 
Sometimes,  however, 
necrosis  is  more  exten¬ 
sive,  and  irregular 
yellowish  areas  of  con¬ 
siderable  size  may  be 
met  with,  attended 
by  varying  congestion 
and  h  3e  m  0  r  r  h  a  g  e. 
In  these  areas  there 


may  be  necrosis  of  the 
whole  liver  tissue,  and  the  condition  is  probably  secondary  to  vascuhir 
damage  and  corresponds  to  the  extensive  infarction  which  may  occur 
in  the  kidneys  in  eclampsia  (Fig.  382). 


Results  of  Necrosis.  Necrosis  of  liver  cells  is  usually  followed  by 
rapid  absorption,  provided  that  the  capillaries  have  not  been  damaged, 
while  the  adjacent  surviving  liver  cells  multiply  by  mitosis  and,  in 
the  case  of  small  lesions,  repair  the  columns.  It  has  been  shown  by 
Whipple  and  Nurwitz  that  the  central  necrosis  produced  in  dogs  by 
chloroform  inhalation  may  be  followed  by  repair  and  there  may  be 
a  return  to  normal  within  tm  days,  and  no  doubt  a  similar  result 
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would  follow  mid-zonal  necrosis.  Where  the  damage  is  more  seyere, 
and  especially  where  the  periphery  of  the  lobules  is  involved,  over¬ 
growth  of  connective  tissue  follows,  and  the  bile-duct  epithelium 
grows  into  the  spaces  formerly  occupied  by  the  necrosed  liver  cells, 
Cameron  and  Karunaratne  found  that  the  liver  when  repeatedly 
damaged  by  carbon  tetrachloride  has  remarkable  powers  of  recovery 
by  regeneration  of  the  central  necrotic  zones  within  10-14  days  ; 
only  if  the  doses  of  poison  were  so  spaced  that  regeneration  had 
not  time  to  be  complete  was  it  possible  to  produce  a  permanent 
fine  cirrhosis,  periportal  as  well  as  central  in  distribution.  Similarly 
the  central  zones  damaged  in  acute  infective  hepatitis  are  quickly 
regenerated  so  that  permanent  structural  changes  in  the  liver  only 
rarely  result. 


INFLAMMA  TOE  Y  CONDITIONS 

Acute  Hepatitis.  In  addition  to  mfiltration  of  leucocytes  around 
necrotic  foci,  there  may  be  found  in  acute  infections,  especially  in 
scarlet  fever  and  diphtheria,  uifiltrations  in  the  tissue  of  the  portal 
tracts,  the  leucocytes  being  arranged  in  clumps  or  diffusely.  They 
are  usually  mononuclear  cells  or  lymphocytes.  In  typhoid  fever  a 
common  occurrence  in  the  liver  is  the  presence  of  rounded  collec¬ 
tions  of  these  cells,  sometimes  spoken  of  as  lymphomatous  nodules. 
They  are  about  the  size  of  miliary  tubercles,  and  are  composed 
chiefly  of  mononuclear  leucocytes  and  histiocytes  which  have  prolifer¬ 
ated,  as  the  liver  cells  are  destroyed  and  absorbed  ;  lymphocytes 
are  present  also,  especially  at  the  periphery.  A  certain  amount  of 
necrosis  may  be  present  in  the  centre  of  the  nodules.  We  have 
usually  failed  to  find  typhoid  baciUi  within  the  nodules,  and  such 
is  the  general  experience.  This,  however,  does  not  exclude  the 
possibility  that  they  are  set  up  by  bacilli,  which  are  afterwards 
destroyed.  It  is,  however,  not  possible  to  draw  a  line  between  de¬ 
generative  and  necrotic  lesions  with  leucoc37tic  reaction,  and  what 
is  often  described  as  parenchymatous  hepatitis, 

WeiVs  Disease  or  Leptospirosis  icterohsemorrhagica  is  an  example 
of  a  disease  in  which  the  liver  is  invaded  by  the  parasite  Leptospira 
icterohmmorrhagise.  Infection  is  acquired  from  the  rat,  which  forms  a 
reservoir  of  the  disease.  The  leptospira  is  found  in  the  urine  and 
kidney  of  the  rat  and  has  the  ability  to  penetrate  the  intact  human 
skin.  As  the  organism  can  live  for  some  time  after  excretion,  contact 
with  the  rat  is  not  necessary,  and  the  disease  is  chiefly  an  occupational 
one  affecting  fish  workers  and  sewer  workers.  Under  favourable  con¬ 
ditions,  e.g.  in  trench  warfare,  it  may  become  epidemic.  The  disease 
is  characterised  by  fever,  a  haemorrhagic  tendency,  albuminuria  and 
jaundice.  The  chief  lesion  is  damage  to  the  liver,  which  results  in 
A,  distinct  separation  or  dislocation  of  the  liver  cells  and  a  varying 
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degree  of  necrosis  irregularly  distributed,  but  these  changes  are  much 
exaggerated  by  post-mortem  autolysis  and  may  be  inconspicuous  in 
fresh  material  (Sheelian).  Regenerative  changes  may  be  foimd  in 
the  neighbourhood  of  the  necrosed  cells.  The  liver  cells  in  tlie  central 
parts  of  the  lobules  contain  bile  pigment  and  this  \eould  ]:)olnt  to 
there  being  an  intralobular  interference  witli  the  flow  of  bile  a^long 
the  bile  capillaries.  In  cases  dying  in  the  first  week  of  the  disease,  the 
most  conspicuous  lesion  may  be  a  haemorrhagic  consolidation  of  the 
lungs,  whereas  in  those  surviving  for  several  weeks  death  is  sometimes 
due  to  renal  failure.  Certain  other  pathogenic  leptospirae  may  also 
cause  jaundice,  but  in  infections  due  to  Leptospira  canicola,  which  is 
acquired  from  dogs,  fever  is  the  chief  symptom  and  jaundice  is  absent. 

Infective  Hepatitis  and  Homologous  Serum  Jaundice. 

Tliese  conditions  are  due  to  infection  by  a  vims  or  viruses,  and 
while  they  present  many  points  of  close  similarity  tlieir  I'clationship 
is  still  uncertain.  Jnfe.cMve  kepaMti^,  formerly  known  as  cata,rrhal 
jaundice,  is  a  disease  of  children  and  young  adults  with  an  incubation 


Fig.  383. — Liver  in  infective  hepatitis,  showing  ceirtri-lobular  necrosis. 
(From  a  case  accidentally  killed  on  the  7th  day  of  illness),  x  45.  (Dr.  A.  T.  Sandistm.) 

period  of  about  30  days,  the  infecting  virus  being  present  in  the  blood 
and  feces,  by  means  of  which  it  is  readily  conveyed  to  susceptible 
persons.  During  epidemics  only  about  half  of  the  cases  become 
jaundiced  and  usually  the  disease  subsides  rapidly.  There  is  anorexia, 
nausea  and  headache,  with  tenderness  over  the  liverl^  and  an  initial 
leukopenia  is  sometimes  succeeded  by  a  lymphocytosis  with  many 
large  abnormal  cells  recalling  the  picture  in  infectious  mononucleosis. 
Jaundice  is  moderately  severe,  lasts  commonly  for  a  few  weeks  and 
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is  of  the  toxic -hepatic  type:  Bile  often  appears  in  the  urine  before 
jaundice  is  clinically  obvious,  and  the  stools  become  light- coloured. 
The  pathology  of  non-fatal  cases  has  been  elucidated  by  liver  biopsies 
which  show  a  surprising  degree  of  liver  damage  consisting  of  necrosis 
and  absorption  of  the  central  liver  cells,  with  marked  periportal 
lymphocytic  infiltration  (Fig.  383).  The  capillary  w^alls  and  their 
supporting  reticular  framework  are  not  damaged  in  mild  cases  and 
recovery  is  followed  by  rapid  regenerative  ingrowth  of  the  liver  cells 
which  restores  the  normal  architecture  in  a  few  weeks.  In  the  fully 
established  disease  there  is  often  marked  stasis  of  bile  in  certain 
canaliculi.  Some  cases  are  rapidly  fatal,  the  appearances  in  the  liver 


Tig.  384. — Liver  in  infective  hepatitis,  showing  complete  destruction  of  the  liver 
lobxile  and  prominence  of  bile-duct  structures. 

(rrom  a  case  dying  in  relapse  in  the  fourth  week.  A.  T.  S.) 


being  those  of  acute  cytolytic  necrosis  ;  but  sometimes  after  initial 
improvement  there  is  relapse  and  acute  death  in  coma  (Fig.  384). 
Premature  physical  exercise  is  said  to  be  liable  to  precipitate  such 
relapses. 

'^'’'Homologous  Serum  Jaundice  presents  a  similar  clinical  and 
pathological  picture  but  differs  from  infective  hepatitis  in  having  a 
longer  incubation  period  (60-140  days)- and  in  the  absence  of  cross- 
immunity  against  the  virus  of  infective  hepatitis.  The  virus  is  ordinarily 
conveyed  by  parenteral  administration  of  human  serum,  plasma  or 
blood,  and  may  produce  infection  in  an  exceedingly  minute  dose, 
e.g.  0-01  ml. ;  it  is  present  in  the  blood  for  the  greater  part  of  the 
long  incubation  period.  The  condition  has  followed  the  injection  of 
plasma  or  serum,  either  in  transfusions  or  for  prophylaxis  (e.g.  of 
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measles),  or  of  small  amounts  of  whole  blood*  The  latter  occurrence 
was  met  with  in  V.D.  and  other  clinics  where  there  was  failure  to 
sterilize  syringes,  etc.,  between  injections  given  to  successive  patients. 
The  name  post-arsphenamine  jaundice  indicates  the  belief,  probably 
as  a  rule  unfounded,  that  the  arsenical  drug  was  responsible  for  the 
disease. 

Occasionally  cases  which  begin  like  simple  virus  hepatitis  fail  to 
resolve  and  run  a  prolonged  relapsing  course  with  exacerbations  of 
fever  and  jaundice.  They  then  come  to  resemble  non- obstructive 
biliary  cirrhosis  (Hanot  type). 

Acute  Cytolytic  Necrosis.  This  disease,  formerly  known  as 
"  acute  yellow  airophy,  is  of  rapid  onset  and  is  characterised  by  fever, 
progressive  jaundice,  and  symptoms  of  profound  intoxication,  due  to 
hepatic  failure,  e.g.  coma,  with  restlessness  and  delirium,  intractable 
vomiting,  ascites,  etc.  Death  may  occur  within  a  week  of  onset,  but 
more  commonly  after  two  to  three  wecd^is.  In  the  spontaneous  idio¬ 
pathic  form  the  disease  is  commoner  in  females  and  occurs  especially 
in  pregnancy 'or  early  in  the  puerperium.  The  condition  has  been 
met  with  in  males  and  also  in  children  with  greater  frequency  of 
late,  and  it  is  now  recognised  that  massive  he].)atic  necrosis  may 
supervene  in  acute  infective  hepatitis  due  to  viruses  {vide,  mipra). 
Certain  chemical  compounds  used  therapeutically  and  in  industry  also 
produce  massive  liver  necrosis  of  essentially  similar  morbid  a.natomy 
in  a  small  proportion  of  the  individuals  exposed  to  tlu^  risk;  the 
therapeutic  substances  include  cinchophen,  plasmoquin  and  diuitro- 
phenol,  the  industrial  agents  are  chiefly  trinitrotoluol,  t(U■:raclllor(^tha.u(^ 
chlorinated  naphthalenes  and  certain  nitrobenzol  compounds.  In  tlu^ 
case  of  trinitrotoluol  poisoning,  which  has  been  extensively  studied, 
workers  seem  most  liable  to  develop  toxic  symptoms  such  as  gastritis, 
dermatitis  or  anaemia  within  three  months  of  beginning  ex|)osurt‘.  to 
the  substance ;  severe  symptoms  such  as  jaundice  also  occur  chiefly 
within  this  period  and  only  very  rarely  in.  those  who  have  had  long 
contact  with  the  substance.  The  .incidence  of  jaundice  is  about  1  in 
500  amongst  workers  subjected  to  close  contact'  and  the  peculiar  time 
distribution  of  the  disease  suggests  that  susceptibility  to  toxic  action 
must  be  conditioned  by  some  factor  peculiar  to  the  .individuals 
con^rned. 

SmucTUEAL  Changes.  The  chief  changes  occurring  in  acute  yello  w 
atrophy  are,  in  the  first  place,  a  rapid  necrosis  of  liver  cxdls,  aff (Hating 
large  ai*eas  in  an  irregular  manner,  and  in  the  secjond  places,  an  a,utolysis 
and  absorption  of  the  dead  cells.  When  the  latter  has  ocanirrnd, 
only  the  reticular  framework  remains  and  the  lobules  a,rc^  chiefly 
constituted  by  capillaries  filled  with  blood  (Fig.  386).  The  necrosc^d 

colour  owing  to  bile-staining  and 
sometimes  to  fatty  change,  whilst  the  areas  from  which  the  liver  cells 
have  disappeared  have  a  red  colour— the  so-called  "red  atrophy,’ 
which  is  thus  a  later  stage.  During  the  progress  of  the  disease,  the 
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liver  undergoes  marked  diminution  in  size,  and  at  the  time  of  death 
may  be  less  than  half  the  normal  weight.  It  is  then  of  soft  consistence 
and  flattens  itself  out  on  the  table,  whilst  the  ca.psule  is  wTinkled. 
The  appearances  vary  according  to  the  rapidity  of  the  disease  and 
the  stage  reached.  In  very  acute  cases  which  prove  fatal  within  a 
few  days,  the  liver  may  have  an  almost  uniform  yellow  colour,  and 
diminution  of  its  size  may  not  he  marked.  At  a  later  stage,  red 
‘  atrophied  ’  areas  become  interspersed  amongst  the  yellow  tissue  ; 
whilst  later  still,  a  large  part  of  the  liver  substance  may  be  in  a  con¬ 
dition  of  red  atrophy  and  the  organ  much  shrunken,  due  to  collapse 
of  the  reticular  framework  after  removal  of  the  necrotic  liver  cells. 
The  irregular  maimer  in  which  the  necrosis  and  subsequent  absorption 
of  the  liver  cells  take  place  is  a  marked  feature.  The  red  parts 
have  been  aptly  compared  to 
splenic  tissue,  the  lobules  being 
greatly  atrophied  and  indis¬ 
tinguishable  by  the  naked  eye. 

The  changes  are  often  less 
severe  in  the  right  lobe  than 
in  the  left,  where  there  may  be 
no  surviving  liver  cells,  and  the 
entire  lobe  is  in  the  condition 
of  '  red  atrophy  ’  (Stewart). 

In  acute  cytolytic  necrosis 
the  kidneys,  in  addition  to 
being  bile-stained,  show  marked 
cloudy  swelling,  and  often  a 
considerable  amount  of  necrosis 
of  the  epithelium  of  the  con¬ 
voluted  tubules  with  catarrh. 

These  changes  apparently 
represent  a  toxic  effect  similar 

to  that  which  occurs  in  more  marked  degree  in  the  liver.  The  urine 
contains  bile,  albumen  and  tube-casts,  urea  is  much  diminished  and 
amino-acids  may  be  abundant,  leucine  and  tyrosine  sometimes  separat¬ 
ing  out  in  crystalline  form.  These  changes,  wliich  were  observed  at 
an  early  period  of  inquiiy  into  the  disease,  are  apparently  the  result 
of  loss  of  the  liver  tissue  by  necrosis,  its  normal  function  in  the  deamina¬ 
tion  of  amino-acids  and  formation  of  urea  being  thus  interfered  with  ; 
formation  of  amino-acids  from  autolysis  of  liver  cells  may  also  play 
a  part.  They  are  in  striking  agreement  with  the  experimental  results 
of  Mami  and  his  co-workers,  who  have  shown  that  excision  of  the 
liver  is  followed  by  a  marked  increase  of  amino-acids  in  the  tissues, 
blood  and  urine,  accompanied  by  diminution  of  urea  in  these  situations. 

If  a  scraping  from  the  liver  be  examined  microscopically,  necrotic 
liver  cells,  granular  debris,  granules  of  bile  pigment,  etc.,  will  Jbe 
found,  and  crystals  of  leucine  and  tyrosine  may  be  present.  On 


Fig.  385. — Acute  yellow  atrophy  of  the 
liver ;  portion  of  yellow  area,  showing 
general  necrosis  of  liver  cells.  X  60. 


640 


TEXT-BOOK  OF  PATHOLOGY 

inicrosoopio  cxauiiiici.tioii  of  sections,  the  affected  liv'ev  cells  are 
swollen,  granular  or  hyaline,  often  angular  in  form,  devoid  of  nuclei 
(Fig.  385),  and  the  necrosis  may  involve  the  capillary  walls.  Although 
fatty  degeneration  is  sometimes  present,  the  outstanding  feature  is 
the  extensive  necrosis.  In  the  parts  from  which  the  liver  cells  have 
become  absorbed,  the  lobules  are  collapsed,  and  consist  chiefly  of  the 
hepatic  capillaries  filled  with  blood  (Fig.  385).  At  the  periphery  of 
such  lobules,  even  at  an  early  stage  thei’e  appears  an  excess  of  bile- 
ducts  in  the  periportal  tissue  ;  and  if  life  is  sufficiently  prolonged, 
these  branch  and  make  their  way  into  the  lobules,  in  the  spaces 
formerly  occupied  by  liver  cells.  Along  with  this  epithelial  prolifera¬ 
tion,  there  occurs  a  proliferation  of  connective  'tissue  cells  around 


Fig.  386 — Acute  cytolytic  necrosis  of  liver;  portion  of  rod  area  from  which 

the  liver  cells  have  completely  disappeared  and  the  lobules  consist  of  dilated 
capillax'ies.  Early  formation  of  new  bile-ducts  is  seen  around  the  portal 
tracts.  X  60. 

the  new  bile-ducts.  Ultimately  such  lobules  may  be  (mtir‘ely  I'eplaced 
by  cellular  connective  tissue,  in  which  the  bile-duct  stnuduires  are 
more  or  less  radially  disposed.  The  growth  of  the  bile-duct  epithelium 
is,  no  doubt,  due  to  the  fact  that  when  the  liver  cells  have  been 
absorbed,  the  bile-duct  epithelium  is  left  with  a  free  extrexnity,  and 
accordingly  grows  inwards  in  order  to  restore  the  continuity.  Such 
proliferative  changes  may  go  on  for  weeks  and  even  months,  and  the 
term  subacute,  necrosis  may  be  applied  (Fig.  387). 

1/  The  question  has  arisen  concerning  the  extent  to  which  this  growth  of  bile- 
ducts  leads  to  regeneration  of  liver  tissue.  At  places  on©  may  see  the  cells  of 
newly  formed  bile-duets  assuming  the  character  of  liver  cells  ;  but  this  never 
occurs  in  any  marked  degree,  probably  owing  to  the  accompanying  prolifera¬ 
tion  of  connective  tissue,  which  prevents  the  establishment  of  the  normal 
relationship  of  capillaries  to  liver  cells.  Accordingly,  whilst  it  may  be  that  the 
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bile-duct  epithelium  represents  potential  liver  cells,  the  newly  formed  structures 
at  a  later  stag©  undergo  atrophy  rather  than  further  development.  The  whole 
process  is  one  of  imperfect  repair  rather  than  of  regeneration.  In  some  lobules 
where  necrosis  has  been  incomplete  and  most  marked  at  their  periphery,  the 


Fig.  3 8 7. ---Section  of  liver  in  late  stage  of  subacute  yellow  atrophy. 

The  dark  areas  represent  surviving  liver  tissue  deeply  bile-stained.  The  pale  areas  are  parts 
from  which  the  liver  cells  have  disappeared.  Nat.  size. 

newly  formed  bile-ducts  may  lead  to  restoration  of  continuity  with  the  surviving 
liver  cells.  In  the  liver  cells  which  escape  the  destructive  change,  roitosis  may 
be  seen,  and  it  is  chiefly  by  prohferation  of  the  surviving  liver  cells  that  compensa¬ 
tion  for  the  lost  liver  tissue  is  achieved. 


Fig.  388. — ^Multiple  nodular  Fig.  389. — ^Multiple  nodular  hyperplasia. 

hyperplasia  of  liver.  Superficial  view  of  same  liver  as  is  shown  in 

Note  the  pale  round  nodules  composed  fig-  388.  X  |. 

of  hypertrophied  liver  tissue.  X  h 

later  stage  still  is  met  with  when  there  has  been  survival 
of  liver  tissue  in  foci  throughout  the  organ,  and.  to  this  the  term 
multifile  nodular  hyperplasia  is  suitably  applied.  The  liver  is  usually 
small,  and  there  are  rounded  projections  on  its  surface  (Fig.  389).  On 
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section,  there  is  seen  to  be  a  background  of  fairly  firm  reddish 
tissue,  ’against  which  rounded  and  usually  yellowish  areas  stand 
out  distinctly  (Fig.  388).  The  reddish  tissue  is  found  to  be  vascular 
connective  tissue,  in  which  no  liver  cells  are  present,  but  in  which 
there  are  numerous  bile-duct  structures  which  tend  to  have  a  radiate 
arrangement.  The  yellowish  nodules  are  composed  of  hypertrophied 
liver  tissue  which  has  escaped  destruction.  Cases  of  this  kind  confirm 
the  view  that  the  proliferation  of  the  bile-duct  epithelium  does  not 
lead  in  any  important  degree  to  regeneration  of  liver  substance. 
The  condition  is  of  importance  as  it  represents,  in  a  gross  and  irregu¬ 
larly  distributed  form,  the  lesions  which  occur  more  gradually  and 
more  generally  in  cases  of  cirrhosis. 

In  fact  acute  and  subacute  cytolytic  necrosis,  nodular  hyperplasia 
^a.nd  portal  cirrhosis  form  a  series  of  morbid  anatomical  changes 
differing  in  extent  and  rapidity  of  development,  and  between  them 
intermediate  stages  are  met  with.  While  typical  examples  of  post¬ 
necrotic  scarring  and  portal  cirrhosis  can  be  readily  distinguished  by 
the  clinical  history  together  with  the  naked-eye  and  microscopic 
appearances  of  the  liver,  we  are  convinced  that  examj)les  cannot  be 
accurately  classified  unless  complete  data  are  available,  i.e.  the  micro¬ 
scopic  appearances  alone  of  a  portion  of  liver  may  be  tpute  inadequate 
to  establish  the  true  nature  of  a  case.  We  are  satisfied  that  a  very 
similar  end  result  may  be  produced  by  a  variety  of  cause.s.  The  late 
results  of  the  epidemic  of  infective  hepatitis  in  the  second  world  war- 
have  already  shown  that  some  cases  recovering  from  nrassive  necrosis 
go  on  to  scarring  with  nodular  hyperplasia  while  others,  not  regarded 
at  the  time  as  especially  severe,  have  progressed  to  a  nodular  cirrhosis, 
some  with  enlargement  and  persistent  jaiurdice  but  others  with  signs 
of  portal  hypertension.  Thus  it  is  impossible  to  say  what  proportion 
of  cases  of  cirrhosis  may  have  originated  in  this  way.  We  shall 
refer  further  to  this  problem  in  discussing  cirrhosis. 

The  ETIOLOGY  of  acute  idiopathic  cytolytic  necrosis  in  man  is 
obscure,  except  for  its  association  with  virus  hepatitis  and  the  known 
chemical  poisons.  Even  in  the  latter  cases  the  very  sporadic  incidence 
amongst  those  exposed  to  the  risk  indicates  that  factors  other  than 
mere  exposure  are  concerned.  Much  new  light  on  the  subject  has 
been  provided  by  the  studies  of  Best,  of  Gyorgy  and  Goldblatt  and 
of  Himsworth  and  Glynn,  and  others  on  the  effects  of  deficiency  of 
protein  in  the  diet.  The  earlier  workers,  by  variations  in  the  diet, 
produced  lesions  ranging  from  fatty  change  to  portal  cirrhosis  but 
occasionally  zonal  or  massive  necrosis  resulted,  sometimes  fatal,  but 
sometimes  followed  by  survival  to  a  stage  of  multiple  nodular  hyper¬ 
plasia  and  post-necrotic  scarring.  .  . 

Himsworth  and  Glynn,  by  careful  controlled  experiments,  have 
shown  that  the  essential  feature  of  necrosis-producing  diets  in  rats 
is  protein  deficiency  superimposed  on  depletion  of  the  vitamin  E 
reserves.  In  particular  a  lack  of  proteins  yielding  the  essential  amino- 
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acids  cystiiie  and  methionine  is  concerned.  The  fundamental  defi¬ 
ciency  is  in  cystine  and  the  protectiye  role  of  metliioniiie  is  due  to  the 
ease  with  which  it  is  converted  to  cystine  ;  apparently  the  necessary 
constituent  is  the  labile  sulphur-molecule  common  to  both  cystine  and 
methionine,  which  plays  an  essential  part  in  the  liver- cell  enzyme 
systems.  Rats  deprived  of  a-tocopherol  and  of  amino-acids  containing 
sulphur  develop  massive  liver  necrosis  after  35  days  or  more,  the 
lesions  are  of  sudden  onset,  and  the  liver  shows  all  the  classical  features 
of  acute  cytolytic  necrosis  as  seen  in  the  human  subject.  In  animals 
surviving  for  several  weeks  or  more  after  the  onset  of  necrosis  all 
degrees  of  absorption  of  necrotic  liver  substance  and  regenerative 
hyperplasia  of  surviving  liver  cells  are  seen,  so  that  the  appearances 
of  subacute  necrosis  and  multiple  nodular  hyperplasia  are  brought 
about.  Death  may  follow  from  recurrent  necrosis,  or  from  jaundice, 
ascites  and  oedema  as  in  man.  A  further  point  of  similarity  to  the 
human  disease  is  the  greater  severity  of  the  lesions  in  the  left  lobe 
of  the  liver  ;  in  animals  suffermg  only  a  partial  cystine  deficiency  the 
changes  are  confined  to  the  left  lobe.  This  predisposition  of  the  left 
lobe  to  dietary  necrosis  is  probably  due  to  the  anatomical  distribution 
of  blood  in  the  liver,  the  left  lobe  receiving  chiefly  blood  from  the 
spleen  while  the  right  lobe  receives  the  blood  from  the  small  intes¬ 
tine  and  thus  has  first  access  to  any  cystine  absorbed  from  the 
diet. 

The  a]3plicability  of  these  clear-cut  experimental  results  to  the 
naturaUy-ocGurring  disease  in  man  is  not  yet  fully  ascertained.  It  is 
tempting  to  suppose  that  the  rare  occurrence  of  massive  necrosis  in 
epidemic  hepatitis  may  be  attributable  to  a  previous  deficiency  of 
protein  in  the  diet  rendering  the  liver  more  susceptible  to  the  virus. 
The  association  of  cjrfcolytic  necrosis  with  pregnancy  may  be  due  to 
reduction  of  the  mother’s  protein  stores  by  the  demands  of  the  foetus, 
especially  when  the  maternal  intake  has  been  reduced  by  severe 
vomiting  of  pregnancy.  Similarly,  the  sporadic  incidence  of  liver 
damage  amongst  workers  with  trinitrotoluol  suggests  that  some 
extraneous  factors  must  influence  susceptibility,  and  deficiency  in 
dietary  protein  or  in  some  other  factor  may  well  be  concerned. 
According  to  Himsworth  trinitrotoluol  combines  with  certain  amino- 
acids,  which  cannot  then  be  metabolised  by  the  hepatic  cells ;  a 
conditioned  amino-acid  deficiency,  which  prevents  adequate  building 
up  of  the  intracellular  enzyme  systems  of  the  liver,  is  thus  brought 
about.  Individuals  subsisting  on  a  low  protein  diet  may  therefore 
be  more  susceptible  than  others  to  T.N.T.  because  their  small  intake 
of  essential  amino-acids  is  rendered  valueless.  This  supposition  is 
strengthened  by  the  findings  of  Himsworth  and  Glyim  that  diets  low 
in  protein  and  rich  in  fat  predispose  experimental  animals  to  liver 
damage  by  trinitrotoluol.  These  striking  new  facts  about  the  signifi¬ 
cance  of  the  sulphur- containing  amino-acids  in  liver  metabolism  have 
undoubtedly  furnished  a  new  approach  to  the  problems  of  idiopathic 
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liver  necrosis  in  man,  but  it  is  as  yet  too  early  fully  to  assess  their 
significance  in  human  pathology. 

‘  Chronic  Hepatitis  ’ 

Cirrhosis  of  the  Liver.  Etymologically  this  term  means  a 
tawny-yellow  liver,  but  it  is  commonly  used  as  synonymous  with 
fibrosis  and  the  term  has  even  been  transferred  to  other  organs  and 
used  in  the  latter  sense.  This  connotation  is  unfortunate,  for  the 
characteristic  colour  from  which  the  common  form  of  the  disease  is 
named  is  probably  closely  connected  with  its  etiology,  viz.  preceding 
fatty  metamorphosis. 

Three  principal  varieties  of  hepatic  cirrhosis  are  distinguished  both 
in  their  etiology  and  morbid  anatomy  ;  {a)  portal  cirrhosis,  also 
known  as  multilobular  or  coarse  cirrhosis  (Laennec),  {h)  biliary  cirrhosis, 
also  called  monolobular  or  fine  cirrhosis,  and  (c)  congenital  syphilitic 
or  pericellular  cirrhosis,  but  irregular  forms  of  fibrosis  also  occur, 
e.g.  in  acquired  syphilis.  The  terms  '  atrophic  ’  and  '  hypertrophic  ’ 
cinhosis  are  frequently  applied  according  as  the  liver  is  diminished 
or  increased  in  size,  but  these  terms  are  without  etiological  significance 
and  refer  only  to  the  gross  size  and  weight  of  the  liver.  Either  term 
may  apply  to  the  varieties  (a)  and  {b)  already  mentioned.  Enlarge¬ 
ment  of  the  liver  in  cirrhosis  is  more  likely  to  be  due  to  marked  fatty 
accumulation  in  '{a)  or  to  much  new  fibro-cellular  connective  tissue 
in  (b)  than  to  actual  hypertrophic  and  hyperplastic  changes  in  the 
liver  cells.  We  shall  first  give  some  general  facts  about  the  liver  in 
cirrhosis  and  then  consider  the  individual  types. 

In  most  cases  hepatic  cirrhosis  is  the  result  of  long- continued 
damage  to  the  liver  cells,  but  in  cases  surviving  widespread  massive 
necrosis  a  condition  closely  resembling  coarse  multilobular  cirrhosis 
may  result  from  fibrosis  together  with  proliferation  of  surviving  liver 
cells,  i.e.  multiple  nodular  hyperplasia.  Intermediate  appearances 
are  common,  however.  While  the  grosser  examples  of  such  post¬ 
necrotic  scarring  are  readily  detected  by  the  irregular  distribution  of 
the  comiective  tissue,  examples  are  encountered,  both  in  the  human 
subject  and  in  experimental  animals,  in  which  the  distinction  can 
hardly  be  made.  Loss  of  liver  cells  from  any  cause  is  followed  by 
compensatory  hyperplasia  of  the  surviving  cells  which  first  undergo 
enlargement,  then  divide  by  mitosis  so  that  binucleated  or  even  multi- 
nucleated  cells  are  often  seen.  Cell  division  is  later  completed  and 
thus  ‘  hypertrophic  areas  ’  are  formed.  Loss  of  liver  cells  in  the  hepatic 
lobules  is  often  unevenly  distributed  and  consequently  compensatory 
hyperplasia  may  be  more  marked  at  one  side  of  a  lobule  than  at 
another  ;  the  hepatic  vein  then  no  longer  lies  centrally  and  the  lobules 
come  to  he  of  irregular  shape.  These  changes  lead  to  nodularity  of 
the  surface,  especially  in  the  coarse  or  atrophic  type. 

In  various  kinds  of  cirrhosis  newly  formed  bile  ducts  are  commonly 
present  in  the  connective  tissue.  These  may  originate  in  two  ways. 
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In  the  first  place  when  the  liver  cells  at  the  periphery  of  a  lobule 
are  destroyed,  absorption  follows  and  then  the  bile  duct  epithelium, 
thus  left  free,  grows  along  the  space  formerly  oceiipied  by  liver  cells 
until  continuity  with  surviving  liver  columns  has  been  established. 
This  process  is  seen  on  a  large  scale  as  a  sequel  to  massive  necrosis. 
The  second  mode  of  formation  is  by  a  change  in  the  liver  cells  w^hen 
their  relationship  to  the  bile  capillaries  is  disturbed  and  their  function 
is  thus  interfered  with ;  they  then  lose  their  distinctive  appearance, 
becoming  de- differentiated  and  so  resembling  bile  duct  epithelium 
(Fig.  393).  ^  ^ 

In  addition  to  the  general  disturbance  of  hepatic  function  which 
occurs  in  many  cases  of  cirrhosis,  portal  cirrhosis  leads  to  iiiteiTerence 


with  the  portal  circulation  and  hence  to  ascites,  w^hereas  biliary 
cirrhosis  is  associated  with  interference  with  the  excretion  of  bile 
and  consequently  with  jaundice.  Cirrhotic  livers  of  either  type  may 
become  the  seat  of  more  extensive  necrotic  change,  with  or  without 
the  presence  of  micro-organisms,  and  thus  more  acute  symptoms  may 
develop  before  death. 

Varieties  oe  Cirrhosis.  Classification  of  cases  of  cirrhosis  is 
unsatisfactory  owing  to  deficiency  in  our  knowledge  of  the  true  causes 
in  many  cases.  It  may  be  made  either  on  an  etiological  or  on  an 
anatomical  basis,  but  the  results  do  not  correspond  in  the  two  cases. 
The  same  causal  agent  does  not  always  produce  the  same  results, 
nor  is  a  given  type  of  cirrhosis  always  produced  by  the  same  cause. 
We  shall  describe  the  main  anatomical  types  and  discuss  their  etiology. 
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If  we  except  the  syphilitic  cases,  which  form  a  definite  class,  we  may 
say  that  there  are  two  main  types — a  coarse  cirrhosis  which  is  usually 
attended  by  shrinking  of  the  organ,  and  a  finer  cirrhosis  associated 
with  enlargement.  It  must  be  recognised  that  intermediate  forms  occur, 
and  that  an  enlarged  cirrhotic  liver  may  pass  into  the  atrophic  stage. 
One  meets,  however,  with  many  cases  of  cirrhosis  which  do  not  precisely 
conform  to  either  of  these  types. 

Portal  Cirrhosis.  Synoiiynis  :  Coarse  atrophic  cirrhosis  of  Laennec, 
multilobular  cirrhosis.  In  the  fully-developed  condition  the  liver  is 
reduced  in  size  and  is  of  firm  consistence,  while  the  surface  is  coarsely 
granular  or  nodulated  ;  in  extreme  cases  the  w^eight  may  be  less  than 


Fig.  391. — Coarse  cirrlaosis  of  the  Fig.  392.— Coarse  cirrhosis  of  the  liver, 
liver  showing  connective  tissue  showing  broad  bands  of  connective  tissue 

strands  enclosing  areas  of  hepatic  between  islets  of  liver  tissue ;  a  few 

parenchyma  of  various  sizes.  X  5.  bile -ducts  are  seen  in  the  connective 

tissue.  X  45. 

half  the  normal.  On  section  the  liver  substance  is  seen  to  be  broken 
up  into  islets  by  strands  of  connective  tissue,  many  of  the  islets  being 
of  considerable  size,  comprising  several  lobules.  The  liver  tissue  is 
usually  of  a  yellowish-brown  colour  owing  to  the  presence  of  fitt.  In 
less  advanced  cases,  especially  in  those  with  very  pronounced  fatty 
change,  the  liver  is  less  reduced  in  size  and  may  even  bo  considerably 
enlarged,  the  surface  is  irregular  but  only  finely  granular  and  on  se(drion 
the  intersecting  strands  of  fibrous  tissue  are  less  conspicuous. 

Microscopically,  the  appearances  are  variable  according  to  the 
stage  reached  in  the  disease  process.  In  the  earliest  stage  the  first 
sign  is  an  increase  in  amount  of  the  connective  tissue  of  the  portal 
traete  which  are  thus  larger  and  appear  to  he  spreading  out  towards 
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each  other.  Extension  of  this  process  will  lead  to  fusion  of  certain 
tracts  in  an  irregular  fashion,  enclosing  groups  of  lobules  which 
eventually  form  the  units  of  a  multilobular  cirrhosis.  This  can  be 
achieved  only  at  the  expense  of  the  liver  cells,  and  with  their  disap¬ 
pearance  proliferating  bile-ducts  become  prominent.  In  the  advanced 
case,  the  comiective  tissue  is  dense,  more  or  less  infiltrated  vdth 
lymphocytes  and  in  it  many  small  newly-formed  bile-ducts  are  seen. 
The  fibrous  stroma  extends  between  the  groups  of  lobules  and  at 
their  margins  groups  of  liver  cells  are  seen  separated  from  the  main 
mass  and  are  undergoing  gradual  destruction,  some  actually  being 
necrotic  (Fig.  393).  In  the  surviving  lobules,  hypertrophy  and  hjrper- 
plasia  of  the  cells  are  advanced  but  are  irregular  in  distribution. 


Fig.  393. — Coarse  cirrhosis  of  liver.  Below,  a  collection  of  hypertrophied  liver 
cells ;  above,  liver  cells  becoming  atrophied  and  like  bile-duct  epithelium. 

Atrophic  cirrhosis  may  result  from  the  taking  of  alcohol  in  excess, 
certain  forms  of  spirits,  gin  for  example,  being  regarded  as'especially 
apt  to  produce  it.  We  consider,  however,  that  to  use  the  term 
alcoholic  cirrhosis  as  synonymous  with  atrophic  cirrhosis  would  be 
misleading.  The  commonest  effect  of  excessive  consumption  of 
alcohol  is  an  extreme  degree  of  fatty  infiltration,  the  size  and  weight 
of  the  liver  becoming  substantially  increased  and  its  substance  greasy, 
almost  pultaceous,  in  consistence.  In  a  proportion  of  such  cases, 
there  is  a  fine  cirrhosis  of  multilobulai‘  distribution,  and  in  a  small 
number  this  cirrhosis  may  progress  to  the  atropine  '  hobnail  ’  stage 
with  the  usual  effects  on  the  portal  circulation.  Chronic  alcoholism 
is  therefore  one  of  the  conditions  which  may  induce  a  '  hypertrophic  ’ 
cirrhosis  with  transitions  to  the  atrophic  type.  Another  disorder 
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in  which  marked  fatty  change  occurs  in  the  liver  is  hyperthyroidism 
and  in  this  also  an  irregular  cirrhosis  may  develop.  In  some  cases  of 
multilobular  cirrhosis  there  is  a  pronounced  accumulation  of  iron  in 
the  liver  together  with  some  iron-free  brown  pigment  and  the  term 
‘  pigment- cirrhosis  ’  is  applied.  This  condition  is  much  commoner 
in  males.  The  liver  may  be  the  only  organ  affected  or  there  may  be 
siderosis  and  fibrosis  of  the  pancreas  and  other  viscera  amounting 
to  the  complete  picture  of  hsemocimmatasis  (p.  161).  In  this  disease 
there  is  generally  a  fine  cirrhosis  with  enlargement  of  the  liver,  but 
sometimes  it  is  of  coarse  atrophic  type  and  we  have  seen  it  progress 
to  nodular  hyperplasia  and  primary  liver-cell  carcinoma.  The  degree 
of  cirrhosis  and  the  intensity  of  iron  storage  are  not  closely  correlated 
and  there  is  no  evidence  that  the  cirrhosis  results  from  the  accumula¬ 
tion  of  hsemosiderin,  in  fact  it  precedes  it.  From  a  study  of  cases  of 
aplastic  anaemia  repeatedly  transfused  with  blood  we  have  found  that 
intense  haemosiderosis  of  the  liver,  spleen,  pancreas,  kidneys,  bone 
marrow,  etc.  results  from  failure  to  utilise  the  iron  in  the  synthesis 
of  new  haemoglobin,  but  this  iron  storage  per  se  has  no  harmful  effect 
on  the  viscera  and,  in  contrast  to  the  condition  in  haemochromatosis, 
fibre  tic  changes  in  the  liver  aird  pancreas  do  not  develop,  thus  con¬ 
firming  our  experimental  results  with  colloidal  iron. 

Kinnier  Wilson  described  a  form  of  coarse  cirrhosis  of  the  liver  in 
young  subj^te  iisociated  with  bilateral  degeneration  of  the  lenticulate 
nuclei  and  showing  a  distinctly  familial  character,  but  no  association 
with  Rh  or  other  maternal  blood-group  incompatibility  has  been 
detected.  There  is  also  a  form  of  juvenile  cirrhosis  not  accompanied 
by  lenticulate  degeneration,  to  which  several  members  of  the  same  . 
family  may  succumb  in  their  early  years.  In  an  investigation  of 
three  such  families  we  have  not  obtained  a  history  of  neonatal  jaundice 
or  anaemia  ;  the  mother  of  only  one  was  Rh  negative  and  in  none  was 
there  evidence  of  maternal  iso-immunisation  against  any  Rh  sub¬ 
group.  The  etiology  of  such  cases  is  obscure,  but  terminally  our  cases 
were  associated  with'marked  cellular  necrosis  and  jaundice  in  addition 
to  signs  of  portal  obstruction. 

In  the  syndrome  known  as  Banti’s_jiisease  (p.  629)  the  splenic 
enlargement  and  anaemia  are  accompanied  by  cirrhosis  of  the  liver 
which  may  ultimately  be  of  atrophic  type,  but  the  interrelationships 
of  the  liver  and  spleen  in  this  syndrome  are  not  yet  clarified.  All 
cases  of  atrophic  cirrhosis  with  portal  hypertension  do  not  develop 
the  features  of  Banti’s  disease.  • 

Effects.  The  chief  effect  of  atrophic  cirrhosis  is  portal  congestion 
with  splenic  enlargement,  and  this  is  ultimately  followed  by  ascites, 
which  necessitates  the  withdrawal  of  large  quantities  of  fluid  (p.  623). 
Thrombosis  of  the  portal  vein  occasionally  occiu’s  as  a  complication  ; 
it  intensifies  the  portal  obstruction  and  the  ascites,  the  fluid  commonly 
becoming  blood-stained.  Portal  cirrhosis  almost  invariably  leads  to 
varicosity  of  the  oesophageal  veins  above  the  cardiac  orifice  of  the 
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stomacli  and  lisematemesis,  sometimes  fatal,  may  result.  There  is  a 
similar  condition  of  the  lower  hsemorrhoidal  veins,  again  often  -with 
haemorrhage.  Cases  of  atrophic  cirrhosis  often  run  their  wdiole  course 
without  any  visible  jaundice  ;  slight  jaundice  may,  however,  some¬ 
times  be  present  and  '  latent  jaundice  ’  is  not  infrequent.  When 
pronounced  jaundice  supervenes  in  cases  of  portal  cirrhosis,  more  acute 
necrotic  lesions  are  likely  to  be  found  in  the  liver  parenchyma. 

In  only  a  relatively  small  proportion  of  cases  of  human  cirrhosis 
is  the  etiology  fully  revealed  by  the  clinical  history,  but  recent  experi¬ 
mental  %vork  has  throwm  new  Hght  oi^  some  aspects  of  cirrhosis, 
and  has  helped  to  reconcile  some  apparently  conflicting  observations 
in  man.  It  has  long  been  established  that  numerous  substances 
poisonous  to  the  liver  cells  lead  to  fatty  change  and  later  to  cirrhosis. 
For  example,  cirrhosis  has  been  produced  experimentally  by  man¬ 
ganese  chloride  (Findlay),  copper  salts  (Mallory),  tar  (Davidson), 
and  by  Sudan  III  along  with  sodium  cholate  (J.  S.  Young),  Young 
found  that  by  varying  the  dose  of  Sudan  III  the  lesions  of  acute  and 
subacute  necrosis,  multiple  nodular  hyperplasia  and  cirrhosis  could 
be  produced.  Cameron  made  the  important  observation  that  cirrhosis 
could  be  produced  experimentally  by  carbon  tetrachloride,  but  that 
much  of  the  new  connective  tissue  might  disappear  at  a  later  stage. 
Few  if  any  of  these  substances  are  concerned  in  the  development  of 
human  cirrhosis  and  their  mode  of  action  is  obscure,  though  it  is 
note'vvorthy  that  most  liver  cell  poisons  are  soluble  in  fat.  In  sheep 
and  horses  hepatic  cirrhosis  results  from  eating  rag-wort  {Senecio 
jacoboea)  and  also  follows  grazing  on  pastures  wdth  a  higher  content 
•  of  selenium  than  normal.  In  the  latter  case  the  toxic  effect  is  thought 
to  follow"  the  replacement  of  sulphur  in  the  plant  protein  by  selenium  ; 
since  the  selenium- containing  amino-acids  are  inutilisable,  the  effect 
is  one  of  protein  deprivation. 

The  etiology  of  portal  cirrhosis  has,  like  many  other  problems, 
been  greatly  illuminated  by  work  of  a  fundamental  nature  not  pri¬ 
marily  concerned  with  this  subject.  Animals  kept  alive  by  insulin 
after  pancreatectomy  w"ere  found  to  develop  grossly  fatty  livers  which 
later  underwent  a  gradual  fibrous  transformation  with  progressive 
decrease  in  the  amount  of  fat  stored.  It  w-as  subsequently  found  that 
a  similar  series  of  changes  could  be  induced  in  normal  animals  by 
a  high  fat  diet  (Chaikoff'  and  Connor).  The  resulting  hepatic  fibrosis 
bears  a  close  resemblance  to  portal  cirrhosis  in  man.  Gy  orgy  and 
Goldblatt  also  produced  fatty  livers  by  alterations  in  diet  but  some¬ 
times  massive  necrosis  resulted  instead.  The  work  of  Himsworth 
and  Gl5mn  brought  clarification  in  the  Hght  of  the  earlier  observations 
that  the  fatty  changes  in  the  livers  in  pancreatectomised  animals 
kept  alive  by  insulin  could  be  prevented  by  the  administration  of 
choline  and  other  substances  named,  by  reason  of  this  property, 
lipotro^es.  These  w"orkers  showed  that  two  distinctly  different  lesions 
could  be  induced  by  dietary  variations. 

■  Y*  ■ 
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In  aiiiinals  on  a  liigh  fat  or  liigh.  carbolrydrate  diet  lacking  .sufficient 
first-class  jU'oiein  to  provide  an  ad(a(ua,t(‘  amount  of  choline  or  of  its 
precursor  mcdhionine,  severe  fatt\^  infiltration  of  the  livei‘  developed 
and  progressed  to  a  stagti  of  diffuse  fibrosis.  If  on  the  othei.  liand  the 
diet  was  ffiadeqiiate  in  a-tocopherol  and  cystine  as  well  as  in  methionine, 
massive  necrosis  resulted  (p.  643). 

These  experiinental  observations  on  the  relation  of  diet  to  fa, tty 
changes  in  the  liver  and  to  the  development  of  cirrhosis  have  their 
counterparts  in  man,  for  the  incidence  of  cirrhosis  is  found  to  be  highest 
in  communities  subsisting  op  unbalanced  diets  rich  in  carbohydrates 
and  poor  in  protein.  In  Africa,  among  tht)  Bantu,  and  in  the  Far 
East,  hepatic  enlargement  due  to  fatty  change  is  common  in  children, 
together  with  pellagra-like  symptoms,  a  state  of  malignant  malnutri¬ 
tion  ’  resulting.  Gillman  reported  that  these  conditions  in  children 
were  refractory  to  treatment  with  vitamin  B  complex  but  responded 
to  administration  of  dried  powdered  stomach.  Among  the  adult 
Bantu  cirrhosis  of  the  liver  is  very  common,  and  is  frequently 
accompanied  by  pronounced  deposition  of  iron  in  the  liver  and  other 
organs,  resembling  luemoehromatosis.  The  Gillmans  refer  to  this 
condition  as  cyto-siderosis  and  they  attribute  it  to  the  poor  native 
diet  of  mealies  whicli  is  notably  deficient  in  high-grade  protein.  In 
consequence  of  the  high  incidence  of  cirrhosis,  primary  liver  cell 
carcinoma  is  also  common. 

In  Europe  the  association  of  cirrhosis  of  the  liver  with,  long- 
continued  and  excessive  consumption  of  alcohol  is  substantiated  by 
studies  on  the  occupational  incidence  of  the  disease  and  on  the  habits 
ofmany  of  its  victims.  The  Registrar-Generars  figures  clearly  indi¬ 
cate  a  marked  excess  of  cases  amongst  persons  in  the  liquor  trade. 
The  administration  of  alcohol  to  experimental  animals  has,  however, 
in  properly  controlled  experiments  failed  to  give  rise  to  cinliosis 
to  any  greater  extent  than  an  equal  caloric  imbalance  of  the  diet  by 
means  of  sugar  (Best),  and  it  is  probable  that  the  effect  of  alcohol  in 
man  is  not  a  direct  one,  but  is  exerted  through  reduction  in  intake 
of  other  nutriments  with  which  alcoholism  is  so  commonly  associated. 
There  is  therefore  a  considerable  weight  of  evidence  in  support  of 
the  animal  experimental  work  that  faulty  nutrition  is  primarily  con¬ 
cerned  in  the  etiology  of  a  large  proportion  of  the  cases  of  cirrhosis 
in  man  through  imbalance  of  the  diet,  with  inadequate  intake  of 
first-class  protein  and  deficiency  in  lipotropic  factors.  The  crucial 
test  of  this  theory  of  causation  will  be  the  prevention  of  cirrhosis  by 
treatment  of  the  children  in  those  peoples  of  the  world  amongst  whom 
the  disease  is  prevalent. 

As  has  been  emphasised  previously  (p.  642)  it  is  not  possible  in 
man  to  make  an  absolute  distinction  between  those  cases  which  have 
resulted  from  an  acute  infection  or  intoxication,  and  those  which 
develop  slowly  and  progressively.  Some  examples  of  typical  post¬ 
necrotic  scarring  give  no  history  indicative  of  any  serious  illness  at 
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an  earlier  period,  and  must  be  presumed  to  have  resulted  from  a  mild 
attack  of  infective  hepatitis.  A  systematic  follow-up  of  any  large 
series  of  cases  of  infective  hepatitis  reveals  a  few  in  whom  restoration 
of  the  normal  architecture  has  failed  to  occur  and  m  whom  changes 
characteristic  of  multilobular  cirrhosis  rather  than  gross  post -necrotic 
scarring  are  developmg.  Other  hifections  in  early  life  may  occasion¬ 
ally  lead  to  cirrhosis,  including  certain  cases  of  congenital  s}^hilis, 
but  general  cirrhosis  of  the  liver  is  not  ordmarily  produced  by  acquired 
syphilis. 

^  Biliary  Cirrhosis.  Two  varieties  of  biliary  cirrhosis  are  recognised  : 
{a)  those  associated  with  mechanical  obstruction  of  the  larger  biliary 


Fig.  394. — Portion  of  upper  surface  of  liver  in  long-standing  biliary  cirrhosis, 
showing  the  fine  granularity. 

Case  of  obstniction  of  common  bile-duct  by  calculus. 


passages  and  (b)  those  without  demonstrable  gross  obstruction,  the 
latter  including  the  type  described  by  Hanot.  The  liver  in  biliary 
cirrhosis  is  usually  enlarged,  sometimes  very  considerably,  and  thus 
most  cases  fall  into  the  subdivision  called  ‘  hypertrophic  ’  cirrhosis. 
Biliary  cirrhosis  appears  to  be  due  to  some  toxic  or  irritant  effect 
of  inspissated  and  stagnant  bile  upon  the  liver  parenchyma  ;  in  some 
cases  this  is  aggravated  by  the  occurrence  of  infection  and  a  mild 
cholangitis,  but  in  others  infection  is  absent.  Experimental  occlusion 
of  the  main  duct  in  animals  is  followed  by  cirrhosis  only  in  some 
instances,  e.g.  in  the  rabbit,  in  which  multiple  minute  necroses  soon 
appear  around  the  portal  tracts  and  overgrowth  of  connective  tissue 
into  the  damaged  areas  soon  follows.  In  man  the  best  example  of 
pure  obstructive  biliary  eitAosis  is  seen  in  the  condition  of  congenital 
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obliteration  of  the  bile  ducts  which  is  attended  by  marked  jaundice 
and  leads  to  the  death  of  the  child  shortly  after  birth  ;  we  have  how 
ever,  seen  survival  for  as  long  as  eleven  months.  The  liver  is  enlarged 
with  a_  morocco  leather  ’  surface  and  a  fine,  practically  raonolobular 
cirijosis  IS  present  which  has  developed  during  intra-uterine  life’ 
In  the  adult,  however,  biliary  obstruction  is  rarely  so  prolonged  as  to 
lead  to  a  well-marked  cirrhosis.  In  calculous  obstruction,  infective 
cholangitis  is  usually  superadded  and,  if  severe,  leads  to  necrosis 

and  abscess  formation,  while  in  cancerous  obstruction  the  period  of 
survival  is  limited.  p  oi 

In  developed  cases  the  liver  is  enlarged  and  is  of  dark  olive-green 
eolour,  the  surface  being  finely  granular.  The  main  bile  ductslire 
dilated  and  filled  with  dark  inspissated  bile  or  with  white bile,det)(uidimr 
on  the  site  of  obstruction,  and  there  is  some  spreading  fibi’osi.s  of  the 
liver  around  them.  Within  the  parenchyma  evidence  of  damage  i.s  seen 
chiefly  at  the  periphery  of  the  lobules  where  the  .small  bile  ducts  and 
liver  cells  undergo  necrosis  and  connective  tissue  overgrowth  follows  so 
that  cirrhosis  results  often  somewhat  irregular  in  distribution  but  at 
times  almost  monolobular.  The  large  number  of  small  new  bile  ducts 
m  the  stroma  is  a  prominent  feature.  There  is  at  first  no  ascites  but 
jaundice  IS  mtense  and  bile  is  absent  from  the  stools  provided  that 
objruction  is  complete  ;  late  in  the  disease  the  liver  becomes  shrunken 
and  a  degree  of  portal  obstruction  may  be  superadded. 

Hanot's  Hirrhosis.  This  is  sometimes  called  non-obstructive  or  intra-honatic 
cholangitio  biliary  cirrhosis.  In  this  typo,  as  do.scribed  by'  Tim„rmir£ 

of  STam  aid  7“"  “  ““  obstruction 

Pile  inain  ductb  and  bile  is  present  m  the  stools.  The  structural  chanf>f>q 

Sir- rirkS 

of  1,000  g.  (two  pounds),  but  ascites  is  not  produced  Death  k 

with  in  this  coimtrv  Closely  to  this  description  are  occasionally  met 
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an  occurrence  is  not  common,  and  it  is  certain  that  there  may  be 
great  accumulation  of  pigment  in  the  liver  without  any  distinct 
increase  of  connective  tissue.  In 
Jcala-azar,  however,  cirrhosis 
occurs  with  moderate  frequency. 

The  organ  is  usually  enlarged,  and 
though  there  may  be  considerable 
increase  of  connective  tissue,  the 
surface  is  comparatively  smooth. 

In  the  connective  tissue,  numerous 
parasites  (‘  Leishman-Donovan 
bodies  ’),  mostly  in  a  degenerated 
condition,  may  be  found.  In 
bilharziasis,  in  certain  cases  the 
worms  may  be  present  in  the 
portal  branches  in  the  liver, 
and  may  discharge  their  ova  into 
the  surrounding  tissue  where  they 
give  rise  to  reactive  foci  of  endo- 


Fig.  395. — ^Portion  of  liver  in  bil- 
harzial  cirrhosis,  showing  the  pale 
areas  of  fibrous  tissue  around  the 
portal  tracts.  X 


thelioid  cells  resembling  tubercles 
around  which  hyaline  fibrosis 
develoxDS  (Fig.  396).  A  somewdiat  characteristic  cirrhosis  results, 
there  bemg  areas  of  dense  wLite  comiective  tissue  around  the  portal 
tracts  (Fig.  395). 


Fig.  396. — Liver  in  billiarziasis  with  numerous  tubercle-like  lesions  {a),  two  of 
which  are  seen  to  contain  schistosome  eggs.  X  45. 


Suppurative  Hepatitis— Abscesses  in  the  Liver.  The  liver 
may  become  infected  with  pyogenic  organisms,  either  (a)  by  the 
blood  stream,  or  (&)  by  the  biliary  passages  ;  and  blood  infection 
may  take  place  either  by  the  arterial  or  by  the  portal  blood. 
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(a)  Blood  Infection.  In  the  majority  of  cases,  blood  infection  occurs 
through  the  portal  circulation,  e.g.  in  cases  of  appendicitis^  diverticulitis, 
gastric  ulcer,  intestinal  ulceration,  and  occasionally  from  malignant 
disease.  In  some  cases  embolism  is  the  method  of  infection,  and  a 
single  abscess  or  multiple  abscesses  may  form.  In  others,  however, 
there  is  a  spreading  thrombosis  from  the  lesion  to  the  liver,  with 
secondary  suppuration  of  the  thrombus — the  condition  being  known 
as  pylephlebitis  suppurativa  (Fig.  397).  The  process  extends  along  the 
branches  of  the  portal  vein,  and  strands  of  suppuration  surrounded 
by  groups  of  abscesses  form  in  the  liver,  some  parts  being  more  affected 
than  others.  At  a  post-mortem  examination  of  such  a  case,  the  track 
of  suppuration  can  be  readily  traced  by  slitting  up  the  portal  vein, 
which  contains  suppurating  thrombus,  and  then  following  the  process 

In  new-born  infants  infection 
may  reach  the  liver  through  the 
umbilical  vein.  In  such  cases 
multiple  abscesses  may  be  present 
in  the  liver  substance. 

Abscesses  due  to  a  general 
blood  infection  are  usually  of 
miliary  type,  though  they  are  not 
nearly  so  common  or  so  numerous 
as  in  the  kidneys.  They  are  met 
with  especially  in  suppurative 
osteomyelitis  and  periostitis.  Ab¬ 
scesses  of  larger  size  produced  by 
actual  embolism  are  occasionally 
met  with  in  pyaemia. 

In  actinomycosis j  secondary 
abscesses  in  the  liver  are  not  un¬ 
common  especially  when  the 
primary  lesion  has  been  in  the  large 
intestine  or  appendix.  The  suppurative  process  is  of  subacute  char¬ 
acter  and  encapsulated,  and  the  abscesses  in  the  early  stage  of  formation 
are  arranged  in  small  groups,  presenting  a  honeycomb  appearance 
(Fig.  398).  Later  they  may  form  much  larger  cavities  by  confluence. 
The  pus  is  usually  somewhat  thick  and  of  a  greenish-yellow  colour, 
and  in  it  may  be  found  the  small  granules  or  colonies  of  the  acti- 
nomyces,  which  are  usually  most  distinct  in  the  earlier  lesions.  The 
colonies,  which  are  about  the  size  of  small  pin-heads,  may  be 
yellowish  in  tint,  or  greenish  grey  and  rather  transparent.  They 
may  be  readily  detected  by  spreading  some  of  the  pus  on  a  glass 
slide  and  looking  at  it  by  transmitted  light.  If  a  colony  be  broken 
down  and  stained  by  Gram’s  method,  the  branching  filaments  of  the 
organism  will  be  readily  recognised. 

Tropica, I  abscesses  are  produced  by  Enimnoeha  histolytica,  and  are 


downwards. 


Fig.  397. — Section  of  liver,  show¬ 
ing  Pylephlebitis  suppurativa  and 
numerous  small  abscesses,  x  i- 
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a  not  uncommon  complication  of  amcebic  dysentery  in  untreated 
cases.  Usually  there  is  a  single  abscess  wbioh  may  reach  a  large 
size;  the  commonest  site  is  the  upper  part  of  the  right  lobe 
where  the  abscess  forms  a  dome-shaped  swelling.  It  may  ulcerate 
through  the  diaphragm  and  discharge  into  the  lung.  Sometimes 
there  are  several  abscesses,  but  they  are  rarely  numerous.  ^  A- 
though  the  term  ‘abscess’  is  usually  employed  the  lesion  is  ot 
the  nature  of  necrosis  of  the  liver  tissue  followed  by  softening, 
rather  than  a  true  suppuration.  When  fully  formed,  a  tropical 
abscess  is  enclosed  by  a  distinct  capsule,  and  the  contents  are  a 
thick  glairy  fluid,  often  chocolate-coloured  or  showing  definite 
admixture  of  blood.  On  microscopic  examination  of  the  contents. 


Fig.  398. — ^Actinomycotic  abscesses  in  liver,  showing  the  characteristic 
loculated  arrangement.  X  f. 

there  are  found  chiefly  necrotic  liver  cells,  granular  debris,  and  a 
varying  number  of  red  corpuscles  ;  a  few  leucocytes  may  be  present, 
but  the  material  has  not  the  characters  of  Bacteria  are  usually 

absent,  though  sometimes  secondary  infection  by  them  occurs.  The 
entamoeba  have  a  necrotising  action  on  the  liver  cells  similar  to  that 
seen  in  the  intestinal  mucosa  (p.  597).  At  an  early  period  they  may 
be  present  throughout  the  necrotic  material,  but  they  soon  die  out, 
and  when  the  abscess  is  encapsulated  they  are  present  only  in  the 
inner  layer  of  the  granulating  wall.  Accordingly^  when  a  liver  abscess 
is  opened,  no  entamoebse  may  be  discoverable  in  the  evacuated  con¬ 
tents,  but  they  may  be  found  at  a  later  period  when  they  are  separated 
in  the  discharge  from  the  wall.  Many  cases  of  amoebiasis  are  associ¬ 
ated  with  a  hepatitis  in  the  form  of  lymphocytic  infiltration  of  the 
portal  tracts  and  fatty  change  in  the  parenchyma.  There  may  be 
fever  and  hepatomegaly  and  the  term  amoebic  hepatitis  ’  is  applied. 
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Tlie  condition  is  not  necessarily  accompanied  by  the  presence  of  amoebae 
ill  the  liver  and  is  not  to  be  regarded  as  a  prelude  to  tropical  abscess. 

(b)  Biliary  Infection.  This  signifies  an  ascending  infection  of  the 
biliary  passages,  and  occurs  especially  in  cases  where  there  is  some 
obstruction  of  the  main  bile  duct,  notably  by  a  gall-stone.  The 
passages  become  infected  by  organisms,  especially  by  coliform  bacilli, 
and  there  follows  an  ascending  suppurative  cholangitis.  This  in  time 
reaches  the  liver  substance,  and  its  tissue  becomes  siiudded  with 
groups  of  suppurative  or  necrotic  foci,  which  afterwaiixls  ma.y  i*iin 
together.  The  pus  in  the  abscesses  is  bile-stained,  and  the  state  of  the 
bile-ducts  demonstrates  the  nature  of  the  condition.  Idie  liver  tissue 
is  often  of  a  dark  olive-green  colour,  from,  long-standing  jaundice. 

In  abscesses  of  the  liver  the  suppuration  may  reach  the  surface, 
the  bacteria  may  infect  the  peritoneum,  and  a  general  or  localised 
peritonitis  may  be  set  up,  the  latter  being  sometimes  in  the  form  of 
a  subphrenic  abscess.  Adhesions  between  the  liver  and  the  dia¬ 
phragm  may  form  and  then  ulceration  may  occur  into  the  lung,  the 
pus  being  discharged  by  the  bronchi.  Such  an  occurrence  is  not  un¬ 
common  in  cases  of  tropical  abscess,  and  we  have  met  with  it 
also  in  a  case  of  biliary  abscesses. 


SPECIFIC  INFLAMMATIONS 


(A)  Syphilis.  The  liver  is  freqtiently  affected  in  syphilis,  both 

in  the  congenital  and  ac¬ 
quired  forms  of  the  disease. 
The  lesions  are  essentially 
of  the  same  nature  in  the 
two,  but  in  the  former  they 
are  usually  of  diffuse  and 
of  cellular  character  owing 
to  the  large  number  of 
spirochaetes  present,  whilst 
in  the  latter  they  are  of 
more  chronic  nature  and 
more  localised.  In  congen¬ 
ital  syphilis,  the  commonest 
lesion  is  an  extensive  pro¬ 
liferation  of  connective  tis¬ 
sue  cells  in  the  organ,  not 
only  along  the  portal  tract 
but  also  throughout  the 
lobules .  The  growth,  which 
is  often  remarkably  uni¬ 
form,  occurs  between  the 
capillary  endothelium  and  the  liver  cells,  and  both  are  pressed  on; 
thus  the  columns  of  liver  cells  are  atrophied  and  broken  up,  and  are 


Fio.  399.- — Congenital  syphilitic  cirrhosis  of 
the  liver,  showing  young  conne<itiv© 
tissue  spreading  diffusely  between  the 
columns  of  liver  cells  which  are  becoming 
atrophied.  X  250. 
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separated  by  a  spindle-celled  tissue  in  which  mononuclear  leucocAdes 
and  lymphocytes  are  interspersed  (Fig.  399).  Occasionally  compen¬ 
satory  hypertrophy  may  be 
present  at  places,  some  of 
the  liver  cells  being  enlarged 
and  multi-nucleated.  Mili¬ 
ary  gummata  are  not  un¬ 
common  and  represent  foci 
where  the  action  of  the 
treponemata  has  been  more 
concentrated.  These  are 
in  i  n  u  t  e  cellular  nodules 
with  evidence  of  degenera¬ 
tion  or  necrosis,  and  in  the 
centre  one  often  finds  what 
may  be  recognised  as  the 
hyaline  remains  of  necrotic 
liver  cells  in  process  of 
absorption  (Fig.  400).  In 
accordance  with  the  diffuse 
character  of  the  histological 
changes,  the  surface  of  the 
liver  remains  comparatively  smooth.-  The  organ  is  enlarged,  firmer 
than  normal  and  often  paler  or  mottled,  occasionally  slightly  jaundiced, 

whilst  the  lobules  are  in¬ 
distinct  or  unrecognisable. 
Miliary  gummata,  when  pre¬ 
sent,  are  seen  as  minute  paler 
points,  but  those  of  smallest 
size  can  be  found  only  on 
microscopic  exammation.  In 
a  small  proportion  of  cases 
the  cirrhotic  change  occurs 
more  in  the  form  of  fine  bands 
of  connective  tissue,  chiefly 
related  to  the  portal  tracts, 
and  such  a  condition,  in 
cases  which  survive,  may  give 
rise  to  nodular  cirrhosis  at  a 
later  stage.  Occasionally 
large  gummata  of  the  ordin¬ 
ary  type  occur  as  a  result  of 
congenital  syphilis,  but  this  is 
rare.  As  already  stated,  spiro- 
chsetes  are  usually  abundant 
Fia.  401.— Multiple  gummata  of  liver,  throughout  the  liver  in  con- 

centre  %dfh  fibrous  capsule,  x  f.  genital  Cirrhosis,  but  in  many 
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Fig.  400. — ^IVIiliary  gumma  in  congenital 
syphilitic  cirrhosis,  showing  necrotic 
centre  with  'connective  tissue  prolifera¬ 
tion  around  ;  also  remains  of  liver  cells. 
(Prof.  C.  H.  Browning.)  X  200. 
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cases  tliey  are  numerous  apart  from  cirrhotic  cliange,  and  all  degrees 
of  connective  tissue  proliferation  are  met  with.  The  lesions  of  con¬ 
genital  syphilis  in  the  liver  are  often  associated  with  corres|)onding 
changes  in  the  lungs  and  pancreas. 

In  acquired  syphilis  the  chief  lesions  are  tertia,ry  gumraata  and 
irregular  cirrhosis.  Gimimata  are  comparatively  coininoii  in  untreated 
cases  and  may  reach  a  considerahle  size,  ('spcaaally  when  a  mass  is 
formed  hy  confluent  nodules.  They  may  ])c'  sijigk^.  oi'  multiple,  and 
may  be  found  at  various  stages  of  developmx'nt.  In,  tlui  earl^^  ‘‘^Lige 
they  are  usually  somewhat  rounded  and  may  be  .inaldish  grey,  usually 
with  central  necrosis,  whilst  at  a  later  stage  tlic^y  arc^  necrotic  and 
yellowish  and  are  encapsulated  by  more  transhu'.c'ut  librous  tissue 
(Fig.  401).  Gummata  have  a  special  tendency  to  undergo  absorption, 


Fig.  402. — ^Hepar  lobatiim.  The  liver  is  much  deformed  as  a  result  of  deep 
scarring  from  tertiary  syphilis.  X  -J. 

and  fibrous  cicatrices  are  brought  about  in  this  way.  Fibrosis  may 
occur,  however,  apart  from  gummata,  usually  in  irregularly  dis¬ 
tributed  bands  of  connective  tissue,  which  together  with  the  gummatous 
cicatrices  lead  to  indrawing  of  the  surface  at  places,  and  thus  to 
great  deformity  of  the  organ.  Sometimes  a  portion  at  the  margin  of 
a  lobe  may  be  almost  cut  off  from  the  rest  by  connective  tissue.  This 
type  of  lesion — known  as  the  hcpa,r  lohatmn — may  be  regarded  as 
practically  restricted  to  syphilis  (Fig.  402).  Here  also  compensa¬ 
tory  changes  occur,  and  the  liver  tissue  forms  rounded  projections 
between  fibrous  bands.  The  condition  is  often  accompanied  by 
chronic  perihepatitis  with  adlu^sious.  Amyloid  disease,  sometimes 
irregular  in  distri])ution,  may  be  pi*(*seut  in  the  liver  along  witli  the 
syphilitic  lesions. 

(B)  Tuberculosis.  Tuberculous  lesions  are  less  common  than 
in  most  other  organs,  and  are  of  two  types.  In  the  first,  miliary 


659 


LIVER  AND  GALL-BLADDER 

tubercles  occur  in  the  liver  in  general  tuberculosis.  Tbe  nodules, 
"which,  are  found  chiefly  in  the  periportal  tissue  and  in  the  capsule, 
may  be  of  very  minute  size  and  scarcely  recognisable  by  the  naked 
eye,  or  they  may  be  larger  and  more  distinct.  In  the  latter  case,  the 
centre  is  usually  caseous  and  shows  bile  staining.  Apart  from  this 
generalised  condition,  a  few  nodules  of  more  chronic  nature  may  be 
caused  by  bacilli  borne  by  the  blood  stream  from  chronic  lesions  in 
other  organs.  The  presence  of  large,  almost  tumour-like  tuberculous 
masses  in  the  liver  has  been  recorded  in  a  few  cases,  but  the  occur¬ 
rence  is  very  rare.  Such  lesions  may  resemble  gummata  very 
closely  and  can  be  definitely  identified  only  by  the  finding  of  tubercle 
bacilli.  The  second  type,  knovui  as  bile-duct  tuberculosis,  is  very^ 
rare.  In  this  form  there  occur  comparatively  large  tuberculous 
nodules  in  groups,  and  the  central  parts  may  become  softened  so 
that  small  cavities  are  formed  ;  a  considerable  part  of  the  liver  may 
be  involved  by  such  lesions.  The  condition  represents  a  spread  by 
the  bile-ducts  and  the  caseous  material  is  stained  with  bile.  There 
is  doubt  about  the  exact  mode  of  origin,  but  most  probably  a  tuber¬ 
culous  nodule  in  the  liver  substance  ulcerates  into  a  bile-duct  within 
which  the  bacilli  then  spread. 

(C)  Actinomycosis.  This  has  already  been  described  in  con¬ 
nection  with  the  suppurative  lesions  (p.  654). 

PABASITES 

Hydatid  Disease.  As  the  liver  is  the  commonest  site  of  hydatid 
disease  in  the  human  subject,  a  short  account  may  be  given  here.  A 
hydatid  or  echinococcus  is  the  cystic  stage  of  Tcenia  echinococcus, 
and  infection  is  from  the  dog,  in  which  the  strobilus  or  worm 
stage  exists.  The  commonest  type  of  hydatid  is  a  cyst  of  large  size 
in  the  interior  of  which  there  are  secondary  or  daughter  cysts,  and 
sometimes  within  these  again  grand -daughter  cysts.  The  cyst  wall 
consists  of  a  laminated  ectocyst  of  chitinous  substance,  and  an  endocyst 
which  is  a  cellular  or  parenchymatous  layer.  In  the  endocyst,  small 
cysts  or  brood  capsules  are  formed,  and  within  them  numerous  scolices 
with  double  rows  of  booklets  develop  ;  these  scolices  are  seen  either  in 
an  invaginated  or  non-invaginated  condition.  The  contents  of  the 
cyst  are  a  clear,  almost  colourless  fluid,  in  which  there  is  a  consider¬ 
able  amount  of  sodium  chloride,  some  protein  (little  of  which,  how¬ 
ever,  is  coagulable  by  heat),  a  small  amount  of  glucose,  etc.  When 
a  byst  is  punctured  and  the  fluid  drawn  off,  one  usually  finds  in  it 
some  scolices  or  separated  booklets,  and  thus  a  diagnosis  may  be 
made  (Fig.  403).  The  daughter  and  the  grand- daughter  cysts  have 
the  same  structure  as  the  mother  cyst,  and  in  them  the  brood 
capsules  may  or  may  not  be  developed.  When  the  parasite  dies, 
the  fluid  becomes  absorbed  and  the  cyst  wall  becomes  collapsed  and 
disintegrated,  and  later  may  calcify.  It  is  to  be  noted  that  in  a  dead 
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hydatid  the  hooldets  persist  and  are  recognisable  for  a  long  time. 
Sometimes  there  is  secondary  infection  by  pyogenic  organisms  and 
suppuration  occurs. 


The  fluid  of  a  liydafcid  eyst  is  believed  to  liave  certain  toxic  or  irritating 
properties,  wliieii  are  manifest  when  rupture  occurs  into  tiie  peritoneum. 
Absorption  of  proteins  from  a  hydatid  evidently  takes  place,  as  antibodies 
appear  in  the  blood  of  those  infested  with  hydatids-  These  antibodies  act 
both  as  precipitins  and  also  as  deviators  of  complement,  when  the  serum  (anti¬ 
body)  and  the  hydatid  fluid  (antigen)  are  allowed  to  interact  (p.  190). 
The  individual  also  exhibits  supersensitiveness  to  the  hydatid  antigen  and 
may  suffer  severely  from  anaphylaxis  when  a  hydatid  cyst  ruptures.  This 
supersensitiveness  is  used  in  the  diagnostic  Casoni  reaction,  in  which  a  minute 

amount  of  hydatid  antigen  is  injected 
intradermally  ;  in  infected  persons  a 
red  wheal  results.  Both  tliis  a.nd  tlie 
complement-fixation  test  may  give  false 
positive  reactions  in.  the  presence  of 
infestation  by  otlier  Tienise. 

Tlie  common  hydatid  just  described 
is  known  as  Echinococcus 
and  may  reach  a  large  size,  sometimes 
being  as  big  as  a  man’s  head  ;  occasion¬ 
ally  more  than  one  hydatid  may  be 
present.  Sometimes  a  single  simple 
cyst  in  which  brood  capsules  are 
present  is  met  with,  but  no  daughter 
cysts  ;  this  is  called  Echinococcus  sim¬ 
plex.  Another  type  of  liydatid  is  tlie 
Echinococcus  oniiUUociilaris  or  alveolar 
hydatid.  This  occurs  in  tlie  form  of  a 
mass  of  small  cysts,  most  of  whicli  are 
not  more  than  |  in.  in  diameter,  tmd 
which  are  separated  by  the  connective 
tissue  of  the  liost.  It  lias  thus  a 
honeycomb  or  alveolar  structure.  Its 
consistence  is  somewhat  gelatinous  and 
tlie  outer  surface  somewliat  nodular.  It 
has  been  compared  to  a  colloid  cancer 
and,  as  a  matter  of  fact,  it  has  been 
often  mistaken  for  a  tumour.  The 
walls  of  the  cysts  are  composed  of 
thin  ectocyst  and  endocyst,  and  brood  capsules  are  formed  in  the  interior  of 
some  of  them.  Others -show  various  stages  of  degeneration  and  are  often  sur¬ 
rounded  by  giant-cells.  As  the  mass  of  cysts  increases  in  size  the  central  part 
often  undergoes  necrotic  softening. 

There  has  been  considerable  dispute  as  to  the  significance  of  Echinococcus 
multilocularis.  Its  peculiar  structural  arrangement,  certain  morphological 
differences  in  the  hooklets,  and  a  different  geographical  distribution  from  the 
ordinary  hydatid,  are  in  favour  of  the  view  that  the  parasite  is  a  distinct  species 
or  at  least  variety;  but  this  does  not  seem  to  be  definitely  settled. 

The  adult  worm,  Tsenia  echinococcus,  which  usually  occurs  in  the  intestine 
of  the  dog,  is  of  small  size,  measuring  only  3-6  mm.  in  length.  The  small  head 
has  a  rostellum  with  two  rows  of  hooklets  and-  there  are  four  suckers.  There 
are  only  three  or  four  segments,  and  the  terminal  one,  which  is  much  the  largest, 
contains  the  genital  glands.  The  eggs,  which  are  about  35  fj,  in  diameter,  have 
a  distinct  covering  or  embryophore  with  radial  striation.  When  the  eggs  are 


Fig.  403. — Scolices  of  Tmnia  echino¬ 
coccus  in  fluid  removed  from 
hydatid  cyst.  The  scolices  show 
the  point  of  attachment  to  the 
brood  capsules,  and  all  but  one 
are  in  the  invaginated  condition. 

Note  tlie  cliaracteristic  rings  of  liooldets.  x  125. 
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swallowed  by  man  or  by  some  animal,  the  covering  of  the  ovum  becomes  dis¬ 
solved  and  the  minute  embryo  or  oncosphere,  which  possesses  three  pairs  of 
small  spines,  bores  its  way  into  the  blood  vessels  of  the  alimentary  canal 
and  passes  to  the  liver  or  other  organ.  The  oncosphere  there  enlarges  and  a 
space  containing  fluid  forms  in  its  centre,  whilst  the  periplieral  part  becomes 
differentiated  into  ectocyst  and  endocyst,  and  then  the  formation  of  brood 
capsules  follows.  Dogs  become  infected  by  eating  the  offal  of  infected  sheep 
and  other  animals,  thus  enabling  the  life  cycle  to  be  completed. 


TUMOURS 

Simple  epithelial  tumours  of  the  liver  are  rare,  the  commonest 
being  the  adenoma.  This  is  met  with  in  the  early  years  of  life,  and  is 
probably  always  of  congenital  origin  ;  it  may  be  single  or  multiple. 

It  is  round  or  oval  on  section  and  usually  well  circumscribed.  Its 
substance  is  generally  paler  than  the  surrounding  liver  tissue,  although 
red  vascular  areas  may  he  present ;  sometimes  the  growth  abstracts 
bile -pigment  from  the  blood,  hut  in  the  absence  of  bile  ducts  is  unable 
to  discharge  it.  Its  tissue  has  thus  a  greenish  tint,  while  the  rest  of 
the  liver  has  a  normal  colour.  The  tumour  is  usually  comparatively 
small,  but  we  have  a  specimen  of  localised  growth  which  is  about 
10  cms.  in  diameter,  and  we  have  seen  a  considerable  part  of  the  liver 
occupied  by  irregular  adenomatous  formation,  distinctly  bile-stained. 
In  most  instances  the  tumour  is  composed  of  trabeculae  of  liver 
cells,  but  the  arrangement  is  somewhat  irregular  and  usually  no 
bile-ducts  are  present ;  the  growth  is  thus  a  hepatoma.  Occasionally 
such  a  tumour  assumes  mahgnant  properties,  even  at  an  early  period 
of  life.  When  the  original  hepatoma  has  been  bile-stained,  the  malig¬ 
nant  growth  may  be  shghtly  coloured  or  free  from  pigment.  The 
hypertrophic  nodules  seen  in  multiple  nodular  hyperplasia  (p.  641), 
and  other  conditions  where  there  has  been  destruction  of  the  liver 
tissue,  are  not  to  be  regarded  as  tumours,  though  they  are  some¬ 
times  described  as  adenomata.  Adenomata  composted  of  bile-duct 
epithelium  have  been  described,  but  are  very  rare.  Cavernous  angioma 
(p.  211)  is  fairly  common  in  the  liver.  It  has  a  dark  purple  colour 
owing  to  the  contained  blood,  and  is  sharply  demarcated  from  the 
surrounding  tissue.  Although  probably  starting  from  a  congenital 
abnormality,  the  angioma  apparently  undergoes  gradual  increase  in 
size,  and  it  is  usually  met  with  in  the  later  years  of  life. 

Of  the  primartj  malignant  growths,  cancer  originating  from  the 
liver  cells  is  of  most  importance.  Occasionally  a  congenital  hepatoma 
assumes  malignant  characters  even  in  childhood,  but,  in  the  great 
majority  of  cases,  a  liver-cell  cancer  is  preceded  by  cirrhosis  of  the 
liver.  Occasionally  the  growth  forms  a  single  large  mass  which  may 
appear  to  be  encapsulated — 'massive  cancer’ — ^the  central  parts  of 
which  are  often  partly  necrotic  and  haemorrhagic  and  irregtQarly  bile- 
stained  (Fig.  404).  In  other  cases  several  nodules  are  present,  and 
there  is  further  the  type  in  which  an  extensive  nodular  infiltration 
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is  present  in  a  considerable  pa,rt  of  tlie  liver.  Tlie  growtli  is,  as  a 
rule,  confined  to  tlie  liver,  tlioiigh  it  often  grows  extensively  into  the 

bra-nclies  of  the  veins  of  the 


liver ;  occasionally  metastases 
occur  in  the  lungs,  lymph 
nodes  and  elsewhere.  There 
has  been  considerable  discus¬ 
sion  about  the  relation  of 
cirrhosis  and  cancer,  but  we 
believe  that  the  cancer  de¬ 
velops  secondarily  to  t  h  e 
liy  per  plastic  proc,(\ss  w^ln  ch  goes 
on  in  the  c(61s  in  cir- 

rliosis,  the  (toinjxmsjitory  pro¬ 
liferation,  for  some  reason, 
becoming  of  malignant  and 
infiltrative  type  (p.  270).  The 
cells  of  the  tumour  are  un¬ 
doubtedly  derived  from  liver 
cells  (Fig.  405),  and  the 
arrangement  of  the  latter  is 


Fig.  404. — Primary  oarcinoma  in 

cirrhotic  liver. 

The  growth  is  chiefly  in  one  large  mass  whicli 
partly  necrotic.  X  I;. 


more  or  less  of  the  trabecular 
type ;  ultimately,  irregularities 
in  arrangement  and  aberrant 


forms  appear  (Fig.  406 ) . 
Another  point  is,  that  this  malignant  transformation  may  occur  in 


Fig.  405.  ^Early  stage  of  carcinoma  supervening  upon  liver-cell  hyperplasia 

in  cirrhosis. 

is  seen  in  the  lower  part  of  figure,  and  its  cells  are  seen  to  he  continuous  with  the 
columns  of  liver  cells,  x  100. 
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several  independent  foci,  so  that  there  is  sometimes  an  appearance  as 
if  many  individual  lobules  were  becoming  transformed  into  cancer. 
Primary  carcinoma  of  the  liver  is  also  met  with  occasionally  in  the 
cirrhosis  of  heemochromatosis,  this  occurring  in  approximately  the 
same  proportion  of  cases  as  in  ordinary  cirrhosis. 

Primary  cancer  derived  from  the  smaller  bile-ducts  and  having 
the  structure  of  adeno-carcinoma  also  occurs,  but  is  rarer  than  the 
above  variety  ;  we  have  met  with  a  case  where  the  epithelial  cells 
were  narrow-  and  almost  spiiidle-shax3ed,  like  the  epithelium  of  newdy- 
formed  bile-ducts,  as  seen  in  cirrhosis  and  other  conditions.  Bile- 
duct  carcinoma  also  has  been  observed  to  originate  in  cirrhotic  livers. 

An  important  fact  is  that  cancer  of  the  liver  can  be  experimentally 
produced  in  animals  by  various  carcinogens,  notably  by  o-amido- 
azotoluol  and  jp-dimethyl- 
amino-azo -benzene  (butter- 
yellow").  These  agents  pro¬ 
duce  severe  initial  liver 
damage,  follow^ed  by  regen¬ 
eration  and  compensatory 
h3rperplasia,  w-hich  in  a  high 
proportion  of  animals  goes 
on  to  primary  liver  carci¬ 
noma.  Orr  found  that  the 
growths  set  up  by  ^  butter 
yellow  ’  might  be  liver  cell 
carcinoma,  bile-duct  carci¬ 
noma  or  bile-duct  cysta- 
denoma.  The  effects  of  these 
agents  are  manifested  only  405^ — Portion  of  primary  carcinoma 

in  animals  on  a  defective  of  liver,  secondary  to  cirrliosis. 

diet,  poor  in  protein  and 
insufficient  in  riboflavin, 

cystine  and  choline,  adequate  supplements  of  which  inhibit  or  at 
least  greatly  delay  the  onset  of  neoplasia. 

Primary  sarcoma  of  the  liver  is  very  rare. 

Secondary  Tumours.  The  hver  is  a  common  site  of  secondary 
growths  of  all  kinds.  In  carcinoma  of  the  stomach  the  occurrence 
of  secondary  growths  may  he  said  to  he  the  rule,  either  early 
or  late  (p.  581).  Secondary  cancer  may  be  in  one  or  two  main 
masses,  but  usually  the  whole  organ  is  permeated  with  nodules 
of  the  growth  (Fig.  407).  The  Uver  becomes  enlarged^  and  its 
surface  is  beset  with  nodular  elevations,  some  of  wMch  may 
show  umhilication  owing  to  central  necrosis  and  contraction  of  the 
stroma.  In  oases  of  the  encephaloid  variety,  the  liver  may  be 
enormously  enlarged  and  may  weigh  seven  or  eight  pounds  (4  Kg.),  or 
more ;  the  individual  masses  are  sometimes  huge  and  often  show 
necrotic  change  in  their  centres.  A  certain  amount  of  jaundice  may 
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result  from  iiiiplieatioii  of  nuniei’oiis  bile-ducts,  oi‘  tiiere  may  be 
complete  obstriictioii  of  the  main  bile-duct  by  jiressure  of  a  growth 


Fig.  407. — Multiple  secondary  nodules  of  cancer  in  liver,  x 


in  the  portal  fissure.  Sometimes,  however,  there  are  very  extensive 
metastases  without  jaundice.  In  cases  of  melanotic  growth,  secondary 

nodules  in  the  liver  may  occur 
in  enormous  numbers  ;  most  of  the 
nodules  are  of  an  almost  jet-l)lack 
colour,  but  some  of  the  smaller 
may  contain  less  pigment  and  be 
comparatively  pale.  Secondary 
nodules  of  chorion-epithelioma  in 
the  liver  are  usually  round  and 
have  a  markedly  haemorrhagic 
character  (Pig.  408).  The  liver  is 
also  frequently  extensively  invaded 
by  secondary  growths  of  sym- 
pathicoblastoma  and  other  malig¬ 
nant  tumours  and  it  becomes 
greatly  enlarged  by  leukemic 
infiltration  which  may,  at  times,  be 
distin,ctly  nodular.  Secondary  sar¬ 
comata  are  not  uncommon  and  the 
liver  may  undergo  great  enlarge¬ 
ment.  . 

Fig.  408. — Multiple  nodules  of  Cystic  Liver,  Cysts  of  con- 

origin  are  found  in  the 
Xote  the  haemorrhagic  character,  x  liver,  and  in  SUCh  CaSCS  there  is 

usually  present  cystic  disease  of  the 
kidneys  ;  the  latter  condition,  however,  often  occurs  without  any 
afiection  of  the  liver.  The  cysts  vary  greatly  in  size  and  in 
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nuniber  ;  there  maybe  only  a  few,  or  the  liver  may  be  studded  with 
them.  They  usually  contain  a  clear  albuminous  fluid  and  have  a 
somewhat  cubical  epithehal  lining.  They  are  supposed  to  originate 
from  the  bile-ducts,  but  the  mode  of  formation  has  not  been  ascertained. 
It  is  unknown,  too,  why  the  kidneys  and  liver  should  be  so  frequently 
involved  hi  the  same  case,  but  it  is  noteworthy  that  other  congenital 
abnormalities  such  as  hydrocephalus,  spina  bificla,  etc.,  may  be  present. 


THE  GALL-BLADDER  AND  BILE-DUCTS 

The  normal  function  of  the  gall-bladder  is  of  importance  in  rela¬ 
tion  to  its  pathology.  The  gall-bladder  is  not  only  a  reservoir  for 
the  bile  but  has  an  important  action  in  concentrating  it.  The  relatively 
watery  bile  from  the  liver  may  be  reduced  to  one -tenth  of  its  volume 
or  less  by  the  absorption  of  water,  sodium  chloride  and  cholesterol, 
the  last  being  concentrated  only  about  six-fold  (Telfer),  and  with 
the  addition  of  a  certain  amount  of  miicui  from  the  Ihiing,  gall-bladder 
bile  becomes  somewhat  thick  and  mucoid.  This  concentrated  state 
of  the  bile  comes  to  be  of  importance  in  the  formation  of  gall-stones. 
It  has  also  been  established  by  clinical  and  experimental  methods  that 
the  gall-bladder  practically  never  empties  itself  completely.  When 
the  acid  chyme  enters  the  duodenum  the  gall-bladder  discharges  a 
certain  proportion  of  its  contents,  and  thereafter  only  small  quantities 
are  passed  at  intervals,  but  there  is  always  a  relatively  large  amount 
of  bile  retained  in  the  gall-bladder.  Between  these  periods  of  dis¬ 
charge  the  bile  from  the  hepatic  ducts  probably  enters  the  bladder 
in  a  fairly  steady  flow,  there  to  be  concentrated.  When  the  gall¬ 
bladder  is  removed  a  certain  amount  of  dilatation  of  the  extra-hepatic 
ducts—common  bile-duct  and  hepatic  ducts— is  usually  observed, 
and  this  indicates  an  action  of  the  sphincter  of  Oddi  at  the  lower 
end  of  the  common  bile-duct.  It  seems  doubtful,  however,  whether 
the  normal  intermittent  flow  of  bile  into  the  duodenum  is  eflectively 
restored  in  this  way.  It  is  possible  that  this  dilated  state  of  the 
common  bile-duct  may  predispose  to  an  ascending  infection,  as  some 
consider,  but  there  is  no  evidence  that  this  is  of  frequent  occurrence. 
In  any  case,  removal  of  the  gaU-bladder  is  usually  not  attended  by 
any  distinct  disturbance  of  digestive  function. 

Obstruction  of  Biliary  Passages,  Obstructive  lesions  are  of  common 
occurrence  and  it  has  long  been  known  that  the  biliary  passages  above 
an  obstruction  are  filled  usually  by  dark  concentrated  bile,  but  some- 
times  by  colourless  bile — ^the  so-called  ‘  white  bile,^  Experimental 
work,  especially  that  of  Rous  and  McMaster,  has  shown  that  the 
difference  depends  upon  the  position  of  the  obstruction.  If  this  is 
below  the  junction  of  the  cystic  duct  with  the  hepatic  duct  (the 
commoner  site)  the  concentrating  action  of  the  gall-bladder  prevents 
a  rise  of  pressure  within  the  ducts  beyond  the  secretion  pressure 
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of  bile,  wiiicli  thus  contiiiues  to  be  secreted  and  becomes  tliickened 
and  dark.  If,  however,  the  obstruction  is  above  the  junction,  the 
bile  cannot  be  concentrated,  the  pressure  rises  and  secretion  soon 
stops  ;  the  bile  pigments,  cholates,  etc.,  are  gradually  absorlxMl  and 
the  ducts  are  then  filled  with  practically  colourless  fluid  scHu’dxMl  at; 
a  higher  pressure  by  the  lining  cells  of  the  ducts*  It  is  a  striking  fact 
that  even  in  a  jaundiced  animal  this  secretion  does  not  contain  bile 
pigment,  in  this  respect  resembling  the  saliva,  tears,  etc. 

Our  observations  on  the  human  subject  correspond  well  with  these 
results.  Fig.  416  shows  great  dilatation  of  the  bile-ducts  within  the 
liver ;  they  were  filled  with  colourless  bile  and  the  condition,  was 
due  to  a  cancer  of  the  cystic  duct  which  had  led  to  obstruction  also 
of  the  hepatic  duct.  In  most  cases,  however,  the  obstruction  is  below 
the  entrance  of  the  cystic  duct  and  accordingly  the  bile  passages  are 
filled  with  dark  olive-green  bile.  The  darkest  and  thickest  bile  is 
met  with  when  the  obstruction  below  the  cystic  duct  is  partial  or 
intermittent.  When  the  wall  of  the  gall-bladder  is  diseased,  its  absorp¬ 
tive  and  concentrating  power  is  lost  to  a  varying  extent  and,  when 
it  is  entirely  in  abeyaiice,  the  result  may  be  the  same  as  if  there  were 
no  gall-bladder  present ;  in  this  case  accumulation  of  relatively 
colourless  bile  in  the  ducts  will  be  the  ultimate  residt. 

The  cystic  duct  is  sometimes  obstructed  by  an  impacted  stone  or 
by  some  other  lesion  involving  the  neck  of  the  gall-bladder,  and  the 
latter  may  be  distended  by  a  clear  mucoid  fluid — mucocele  of  the 
gall-bladder.  The  biliary  constituents  become  absorbed  and  a  mucin- 
containing  fluid  is  formed  by  the  lining  of  the  bladder.  In  such  cases 
there  is  usually  evidence  of  previous  inflammatory  change  in  the 
bladder  wall,  and  this  probably  explains  the  difference  from  tlie  result 
of  experimental  obstruction.  Ligature  of  the  cystic  duct  in  a  healthy 
animal  is  not  followed  by  distension  ;  the  gall-bladder  becomes  rather 
shrunken  and  contains  highly  concentrated  gelatinous  mucus  (Aschoff). 

Cholecystitis.  Inflammation  of  the  gall-bladder  is  produced  by 
bacteria,  chiefly  pyococci  and  bacilli  of  the  coli-typhoid  group  ;  of 
the  former  non-hsemolytic  streptococci  are  most  frequently  concerned. 
The  organisms  usually  reach  the  bladder  by  the  blood  stream,  being 
carried  directly  t6  the  wall.  It  is  possible  that  infection  may ‘come 
by  the  bile  from  the  liver  when  the  organisms  are  present  there,  as 
in  typhoid  fever.  An  ascending  infection  from  the  duodenum  can 
hardly  occur  apart  from  some  other  lesion,  obstruction,  cholangitis, 
etc.  It  is  often  impossible  to  state  the  path  of  infection  in  any 
individual  case,  but  direct  conveyance  to  the  gall-bladder  from  the 
circulation  has  been  demonstrated  experimentally,  the  (*,ysti(‘.  diuit 
being  tied  and  then  theV  organisms  introduced  into  tlie  blood  stixam  ; 
cholecystitis  has  in  this  way  been  set  up.  Accordingly,  l)a(d(‘ria,  may 
be  carried  in  a  similar  way  to  the  gall-bladder  wall  from  infectcid  foci 
such  as  dental  abscesses,  lesions  of  throat,  etc.  It  has  also  been 
found  in  clinical  cases  that  organisms  may  be  cultivated  from  the 
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gall-bladder  wall  or  from  the  cystic  lymph  node  when  the  bile 

is  sterile. 

Infection  by  typhoid  or  parat3rphoid  bacilli  frequently  occurs^  by 
the  blood  stream,  and  the  organisms  may  persist  for  a  long  time 
with  little  or  no  inflammatory  change  resulting.  The  formation  of 
gall-stones  may  follow,  and  this  takes  place  especially  when  there 
is  catan-h,  which  is  often  associated  with  the  additional  presence  of 


B.  coli. 

Acute  cholecystitis  may  be  of  various  types.  It  may  be  merely 
catarrhal,  or  fibrinous  (pseudo-membra¬ 
nous),  haemorrhagic,  or  suppurative.  In 
severe  cases,  which  are  met  with  espe¬ 
cially  when  the  cystic  duct  is  obstructed, 
abscesses  may  form  in  the  wall,  or  there 
may  even  be  necrosis  or  gangrene  of  the 
wall  with  rupture  into  the  peritoneal 
cavity.  Apart  from  the  latter  occur¬ 
rence,  local  infection  of  the  serous  sur¬ 
face  is  not  uncommon,  and  adhesions 
around  the  gall-bladder  are  thus  often 
produced.  Occasionally  the  outlet  be¬ 
comes  blocked  and  an  accumulation  of 
pus  occurs,  leading  to  empyema  of  the 
gall-bladder.  Ulceration  of  the  mucous 
lining  is  a  frequent  result ;  this  may 
pass  into  a  chronic  stage  and  lead  to 
great  fibrous  thickening. 

Chronic  cholecystitis  is  usually  an  in¬ 
sidious  infection  accompanied  b}"  dys¬ 
pepsia  ;  sometimes  it  may  be  traced  to  a  previous  acute  attack. 
More  often  acute  attacks  occur  as  exacerbations  in  a  ehronicall}- 


Fig.  409.  —  Chronic  chole¬ 
cystitis,  showing  great 
thickenmg  of  wall  with 
pocket  formation  in  lining. 
The  gall-bladder  was 
packed  with  small  rounded 
stones.  Nat.  size. 


inflamed  gall-bladder.  The  appearances  of  the  wall  vary  according 
to  the  presence  or  absence  of  gall-stones  and  according  to  the  presence 
or  absence  of  obstruction,  but  the  all-important  change  is  interstitial, 
resulting  in  fibrous  increase.  When  there  is  obstruction  the  bladder 
may  be  dilated  and  its  wall  thinned  and  smooth  ;  otherwise  it  usuall}'’ 
shows  distinct  and  sometimes  great  thickening  with  opacity  of  the 
wall  (Fig.  409).  The  lining  is  often  irregular  or  has  a  reticulated 
appearance,  and  there  may  be  distinct  pouches,  especially  when 
numerous  gall-stones  are  present.  The  contents  may  be  clear,  turbid 
or  distinctly  |)hrulent.  In  a  considerable  proportion  of  cases  of 
chronic  cholecystitis  the  bile  is  sterile,  but,  in  many  of  these,  organisms 
can  be  cultivated  from  the  wall  of  the  gall-bladder.  A  common 
result  of  chronic  cholecystitis  is  the  formation  of  multiple  gall-stones, 
as  is  described  below,  and  some  of  the  most  serious,  complications 
result  from  their  presence. 

In  chronic  ulcerative  cases  there  occurs,  in  association  with  the 
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process  of  healing,  downgrowth  of  the  epithelium  between  the  muscle 
bundles  giving  rise  to  deeply  situated  gland-like  structures,  known 
as  Kokitansky- Aschoff  sinuses.  Sometimes  the  epithelial  growth  is 
considerable  and  numerous  gland-like  spaces  lined  by  epithelial  cells 
are  present  not  only  in  tlie  inner  part  of  the  thickened  and  fibrous 
wall,  l)ut  throughout  its  entire  thickness  and  even  beneath  the  serous 
coat.  The  term  '  cholecystitis  glandularis  proliferans  ’  has  been  applied 
to  such  a  condition.  In  this  way  an  appearance  suggestive  of  malignant 
infiltration  may  be  produced,  although  no  tumour  growth  is  present. 

Cholesterosis  of  Gall-bladder.  It  would  appear  that  under  normal 

conditions  a  certain  amount  of 
absorption  of  cholesterol  takes 
place  from  the  gall-bladder. 


In  certain  states,  cholesterol, 
in  combination  a,s  doubly-  e- 
fracting  esters,  becomes  de¬ 
posited  within  the  histiocytes 
in  the  mucosa,  a  condition  of 
dboksterosis  resulting ;  tlu^  lipoid 
is  seen  also  in  the  dccvpest 
parts  of  tlie  epithelial  cc^lls. 
This  deposit  occurs  in  patches, 
and  there  may  thus  result 
distinct  yellowish  spots  visible 
to  the  naked  eye,  a  speckled 
appearance  of  the  mucosa  being 
produced  (Figs.  410,  411). 

Tlie  teiin  '  strawlxu'ry  gall¬ 
bladder  ’  has  been  applied  to 
the  condition,  but  usua,ily  there 


Fia.  410.  ‘ —  ‘  Strawberry  gall-bladder,’ 

showing  characteristic  marking  due  to 
deposit  of  cholesterol  esters.  Nat.  size. 


is  no  congestion  and  the 
description  is  appropr’infe  only 
to  an  unrijK^  (i-uit.  Further,  as 
shown  by  Wilkie,  the  li})oidal 


deposits  may  increa,se  in  size, 
forming  small  polypoidal  nodules  ;  these  may  occasionally  become  free 
and  form  centres  around  which  cholesterol  crystallises.  Tim  deposit  of 
cholesterol  in  the  mucosa  seems  to  depend  chiefly  on  metabolic  changes 
leading  to  excess  of  cholesterol  in  the  blood 'and  thus  in  the  bile. 


It  is  met  with  in  gall-bladders  otherwise  normal  and  quite  apart  from 
inflammatory  changes,  though  these  are  believed  by  some  to  intensify 
the  process.  Its  importance  is  that  in  about  30  per  cent,  of  cases 
(Mackey)  it  is  associated  with  the  formation  of  cholesterol  stones, 
solitary  or  mulberry. 


Tuberculosis  of  the  gall-bladder  with  ulceration  has  been  described, 
but  it  is  very  rare. 


Gall-Stones.  These  are  concretions  formed  from  constituents 
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of  the  bile— chiefly  cholesterol,  bile  pigments  and  lime  salts — in 
varying  proportions  in  diflerent  cases,  along  with  a  certain  amount 


Fig.  411. — Section  of  wall  of  ‘strawberry  gall-bladder,’  showing  deposits  ^of 
cholesterol  fat  in  papillae,  viewed  by  polarised  light.  (Mr.  W.  A.  Mackey.)  X  75. 


of  organic  material.  Their  site 
sometimes  in  a  dilated  hepatic 
duct  or  its  branches  there  may 
form  somewhat  columnar  con¬ 
cretions  of  crumbling  consist¬ 
ence,  composed  mainly  of  bile 
pigment  (Fig.  412).  Occasion¬ 
ally  also  small  and  more  com¬ 
pact  stones  of  dark  colour  and 
composed  chiefly  of  bile  pig¬ 
ment  are  found  in  dilated  ducts. 

The  following  are  the  chief 
types  of  gall-stones  met  with 
in  the  gall-bladder  : — 

(1)  The  Cholesterol  Stone. 
This  form,  which  is  as  a  rule 
solitary,  is  usually  of  oval 
shape  and  may  reach  the  size 
of  a  small  plum.  Its  colour 
is  pale  yellow  or  almost  white ; 
it  is  somewhat  soapy  to  the 
touch  and  is  of  low  specific 
gravity,  often  floating  in  water 
when  dried.  Some  are  almost 


formation  is  the  gall-bladder,  but 


Fig.  412.— Intrahepatic  gall-stone,  lying 
in  dilated  duct  in  liver.  X  f. 

transparent  with  a  frankly  crystalline 
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of  the  bile—chiefly  cholesterol,  bile  pigments  and  lime  salts — in 
varying  proportions  in  different  cases,  along  with  a  certain  amount 


Fig.  411. — Section  of  wall  of  ‘  strawberry  gall-bladder,’  showing  deposits  of 
cholesterol  fat  in  papillse,  viewed  by  polarised  light.  (Mr.  W.  A.  Mackey.)  X  75. 

of  organic  material.  Their  site  of  formation  is  the  gall-bladder,  but 
sometimes  in  a  dilated  hepatic 
duct  or  its  branches  there  may 
form  somewhat  columnar  con¬ 
cretions  of  crumbling  consist¬ 
ence,  composed  mainly  of  bile 
pigment  (Eig.  412).  Occasion¬ 
ally  also  small  and  more  com¬ 
pact  stones  of  dark  colour  and 
composed  chiefly  of  bile  pig¬ 
ment  are  found  in  dilated  ducts. 

The  following  are  the  chief 
types  of  gall-stones  met  with 
in  the  gall-bladder 

(1)  The  Cholesterol  Stone. 

This  form,  which  is  as  a  rule 
solitary,  is  usually  of  oval 
shape  and  may  reach  the  size 
of  a  small  plum.  Its  colour 
is  pale  yellow  or  almost  white ; 
it  is  somewhat  soapy  to  the 
touch  and  is  of  low  specific 
gravity,  often  floating  in  water 
when  dried.  Some  are  almost  transparent  with  a  frankly  crystalline 


Fig.  412.— Intrahepatic  gall-stone,  lying 
in  dilated  duct  in  liver.  X  f. 
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siirikce  like  8Ugar-caiidy.  Wlien  broken  across,  it  shows  a  crystalline 
stmctiire  coinposecl  of  shcarwes  of  cholesterol  crystals  wdiich,  radiate 
outwards  from  the  centix^  The  latter  is  soinetimc^s  dark  owinir 
to  the  incorporation  of  bile  pigment  between  the  crystals,  but 
there  is  no  break  in  the  continuity  of  the  formation  a,nd  there  is  no 
trace  of  lamination.  The  stone  may  thus  he  rcga,i;ded  a-s  a  result  of 
the  process  of  crystallisation.  Some  specimens  of  solitai*y  cholesterol 
stones,  however,  have  a  laminated  cortex  composed  of  bile  pigment 
and  calcium  salts,  the  pigment  causing  the  darker  markings  (Fig.  413,6). 


Fig.  4.13. — Types  of  gall-stones. 

{a)  Three  cholesterol  stones ;  (6)  cholesterol  stone  with  secondary  pigmented  layer-composite 
stone :  (c)  and  {d)  multiple  facetted  mixed  gall-stones ;  (e)  bile-pigment  stones.  X  fl- 


This  is  due  to  a  secondary  deposit,  which  occurs  when  the  gall-bladder 
wall  becomes  inflamed  by  secondary  bacterial  invasion.  Stones  of 
this  class  may  be  called  combination  or  comfound  cholesterol  stones. 
They  constitute  the  largest  gall-stones.  As  already  mentioned, 
multiple  cholesterol  stones  of  mulberry  shape  may  be  found  in  associa¬ 
tion  with  cholesterosis.  They  are  usually  few  in  number,  and  are 
rarely  over  1  cm.  in  diameter.  The  surface  of  the  larger  ones  is 
somewhat  nodular  and  on  section  they  show  a  radiate  crystalline 
structure,  there  being  sometimes  a  considerable  amount  of  bile  pigment 
incorporated  in  the  central  parts. 

(2)  The  Mixed  or  Laminated  Gall-stones.  These,  the  commonest 
type,  are  multiple  and  often  in  great  numbers  (Fig.  413,  c,  d). 
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They  are  sometimes  associated  with  and  secondary  to  a  solitary 
cholesterol  stone.  They  vary  greatly  in  size— from  1  cm.  or  more 
in  diameter  to  the  size  of  sand  grains,  are  irregular  in  form  and 
often  facetted.  On  section  they  have  a  distinctly  laminated  struc¬ 
ture,  dark  brown  and  paler  layers  alternating.  Such  stones  consist 
chiefly  of  cholesterol  and  bile  pigment  in  varying  proportion  ;  the 
dark  layers  are  composed  mainly  of  bile  pigment,  the  paler  mainly 
of  cholesterol,  both  containing  an  admixture  of  calcium  salts  and  a 
certain  amount  of  organic  material.  It  is  seen  that  in  an  angular  stone 
the  layers  are  thicker  at  the  angles  owing  to  more  abundant  deposit  in 
these  situations  ;  the  facetted  character  is  thus  mainly  due  to  the  mode 
of  formation  of  the  stone,  in  which 
mutual  contact  is  also  concerned.  Their 
colour  varies  greatly — b  e  i  n  g  grey, 
browiiisk-yellow,  pinkish,  brown,  or 
almost  black — according  to  the  nature 
of  the  covering  layer  and  the  stage  of 
oxidation  of  the  bile  pigment.  Mxed 
gall-stones  occur  in  very  variable  num¬ 
bers  ;  occasionally  they  may  be  in 
hundreds  when  of  small  size.  They  may 
be  free  in  the  bile,  which  may  be  mixed 
with  inhammatory  exudate  or  pus,  or 
they  may  be  tightly  packed  together 
wdthin  a  gall-bladder  with  thickened  wall 
(Fig.  414).  Occasionally  a  small  con¬ 
tracted  bladder  contains  two  or  three 
barrel-shaped  stones  placed  end  to  end. 

(3)  Bile-pigment  Stones.  Such  stones 
are  comparatively  rare,  they  are 
usually  multiple,  of  black  colour, 
irregular  in  form  or  occasionally  some¬ 
what  stellate.  They  are  composed 
chiefly  of  bile- pigment.  They  may  be 
friable  or  may  be  hard.  They  are  often 
met  with  in  acholuric  (haemolytic) 
jaundice  and  are  apparently  due  to 
excess  of  bile-pigment  in  the  bfle. 

(4)  Gdlcium  GdThoncde  Stones.  These  also  are  rare.  They  are 
small,  pale  yellowish  and  somewhat  hard. 

Conditions  affecting-  Fokmation.  Gall-stones  are  of  frequent 
occurrence,  and,  while  they  may  give  rise  to  serious  effects,  very 
often  they  are  unsuspected  durmg  life.  Especially  is  this  so  with 
the  solitary  cholesterol  stone.  They  are  commonest  in  late  adult  life, 
especially  in  those  of  obese  habit,  and  are  much  commoner  in  women 
than  in  men;  further,  they  are  said  to  occur  more  frequently  in 
women  who  have  borne  children  than  in  nulliparae.  The  three  chief 


Fig,  414.^ — GaU-bladder  filled 
with  numerous  gall-stones 
of  mixed  type.  X  f . 
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factors  coiiceniod  in  tlieir  iirodiictioii  at‘(^  (ti)  sfdsi.s  or  ,st(M/)iaMon  of  the 
bih,  (b)  bacterml  mvfision  and  (c)  the  root  position  of  the  bile.  Biliary 
stasis  is  produced  atony  of  tlie  gall-bladd('r,  nhiicdi  occurs  in  associa¬ 
tion  with,  (jonstipatiou,  coininoii  in  stout  wonien,  and  it  is  favoured 
by  conditions  causing  pressure  on  the  gall-bladder.  8o nu^  dc\gree  of 
atony  probably  also  occurs  in  pregnancy,  as  part  of  the  general  diminu¬ 
tion  in  the  activity  of  unstriped  muscle  during  gestation  (cf.  atony 
of  the  ureter). 

The  importance  of  the  composition  of  the  bile  and  of  infection 

have  been  established  by  more  recent 
work.  Cholesterol  is  formed  in  various 
parts  of  the  body,  accumulates  in  the 
blood,  and  is  excreted  by  the  liver  cells, 
being  held  in  solution  in  the  bile  by 
the  action  of  the  bile  salts.  The 
cholesterol  content  of  the  blood  is 
increased  chiefly  in  pregnancy,  obesity, 
subacute  hydrannic  nephritis,  diabetes, 
and  in  typhoid  fever,  and  a  corre- 
\  spending  increase  is  met  with  in  the 
bile.  The  solitary  cholesterol  stone 
forms  in  a  sterile  bladder  with  normal 
wall,  and  represents  the  crystallising 
out  of  cholesterol  from  bile  containing 
it  in  excess.  This  occurrence  is 
favoured  by  stagnation  of  the  bile  and 
over-absorption  of  water,  and  there  is 
also  evidence  that  deficiency  in  the 
amount  of  bile-salts  present  is  a  factor. 
Such  a  stone,  however,  predisposes  to 
bacterial  invasion,  and  thus  to  catarrh, 
which  is  attended  by  a  certain  amount 

Waddti^'^iifmpSLolitS  e^^udation  and  impairment  of  the 

cholesterol  stone.  selective  power  of  the  gall-bladder  mu- 

Two  mixed  gall-stones  are  seen  behind.  COSa  to  retain  bile  salts  within  the  lumeil 
Chronic  cholecystitis  was  present.  X  il.  t  .  ,  mi  a*  ri.*i 

while  removing  water.  The  ratio  of  bile 
salts  to  cholesterol,  normally  20  to  1,  may  fall  to  6  to  1,  and  this  favours 
crystallisation  of  cholesterol,  mingled  with  bile  pigment  and  calcium 
derived  from  the  exudate.  Two  things  may  then  happen,  {a)  Chole¬ 
sterol  and  bile  pigment  may  separate  out  along  with  lime  salts  and 
form  a  laminated  crust  on  the  surface  of  the  cholesterol  stone,  pro¬ 
ducing  the  combination  type  of  stone;  or  {b)  the  separation  may 
occur  in  various  independent  foci,  giving  rise  to  multiple  mixed  stones. 
Of  course  the  latter  may  form  in  a  catarrhal  gall-bladder  without  the 
presence  of  a  solitary  stone,  but  this  probably  does  not  occur  apart 
from  the  presence  of  bacteria.  These  views  are  well  sn|)ported  by 
facts ;  they  explain  especially  the  presence  together  of  two  so  dififerent 
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types  as  a  solitary  cholesterol  stone  and  multiple  mixed  stones  (Eig.  415). 
A  mixed  stone  apparently  starts,  like  concretions  elsewhere,  around 
some  clump  of  catarrhal- cells  or  debris  as  a  nucleus,  and  the  presence 
of  bacteria  may  often  be  demonstrated  in  the  centre. 

In  view  of  their  mode  of  origin,  Aschoff  has  suitably  applied  the 
term  ‘  inflammatory  stones  ’  to  the  multiple  mixed  stones  and  the 
combination  stones,  and  the  term  ‘  metabolic  stones  ’  to  the  solitary 
cholesterol  stones  and  the  bile  pigment  stones. 

Effects  of  Gall-stones.  As  has  been  mentioned,  the  presence 
of  gall-stones,  single  or  multiple,  may  lead  to  no  noticeable  symptoms, 
but  effects  of  varying  sever¬ 
ity  may  follow.  These  are 
partly  of  mechanical  and 
partly  of  inflammatory  char¬ 
acter  ;  the  latter,  due  mainly 
to  the  associated  presence 
of  bacteria,  have  been  de¬ 
scribed  above  under  chole¬ 
cystitis.  A  solitary  stone 
may  become  impacted  in 
Hartmann’s  pouch  next  the 
cystic  duct,  and  great  dis¬ 
tension  of  the  gall-bladder 
result ;  the  bile  pigments  be¬ 
come  absorbed  and  the  con¬ 
tents  may  be  a  clear  mucoid 
fluid.  In  other  cases  when 
multiple  stones  are  present, 
the  blocking  is  associated 
with  inflammatory  change, 
and  the  contents  of  the 
gall-bladder  are  turbid  or 
purulent.  If  necrosis  of 
the  wall  occurs,  there  may  Fig.  416,— -Section  of  liver,  showing  greatly 
,  X  1.1-  dilated  bile-ducts,  the  result  of  obstruction 

be  an  escape  of  the  con-  cancerous  growth  involving  the 

tents  into  the  peritoneal  main  bile-duct,  x  |. 
cavity. 

A  gall-stone  may  pass  into  the  common  bile-duct  and  give  rise 
to  biliary  colic  attended  with  jaundice.  It  may  then  pass  into  the 
duodenum  or  may  be  arrested  outside  for  a  varying  length  of  time. 
If,  as  not  infrequently  happens,  the  stone  remains  loose  in  the  duct, 
the  resulting  jaundice  is  often  partial  or  intermittent.  If  the  stone 
is  impacted  the  jaundice,  becomes  deep,  and  there  is  of  course  complete 
absence  of  bile  from  the  stools.  The  stone  may  gradually  dilate 
the  orifice,  or  it  may  be  of  such  size  that  its  passage  is  effected 
only  by  ulceration.  Occasionally,  when  the  stone  is  arrested  at  Vater’s 
papilla,  bile  may  pass  along  the  pancreatic  duct  and  give  rise  to 
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liseBiorrhagic  pancrea-titis.  It  is  to  be  noted,  however,  that  the  symp¬ 
toms  of  biliary  colic  may  occur  apart  from  the  passage  of  a  stone ; 
they  are  apparently  then  due  to  spasm  of  the  gall-bladder  when  the 
outlet  is  obstructed  by  inflammatory  products. 

The  presence  of  a  stone  often  leads  to  bacterial  intection  and 
cholangitis,  which  may  be  of  suppurative  character  ,  and,  especially 
when  the  stone  is  impacted,  the  suppuration  may  extend  backwards  to 
the  liver  and  give  rise  to  biliary  abscesses.  As  has  been  mentioned, 
only  in  a  comparatively  small  proportion  of  cases  does  the  obstruction 
of  the  duct  lead  to  biliary  cirrhosis  (p.  651).  The  bile-ducts  above  an 
arrested  gall-stone  or  other  obstruction  sometimes  become  dilated 
(Fig  416)  and  then  effects  follow  according  to  the  site  of  the  obstruc¬ 
tion,  as  has  already  been  described  (p.  665).  When  the  obstruction  is 
below  the  entrance  of  the  cystic  duct  there  may  be  a  separation  out  of 
bile  pigment  from  the  concentrated  bile,  and  the  formation  of  secondary 
biliary  concretions  which  are  usually  elongated  and  comparatively  soft. 

When  cholecystitis  passes  into  a  chronic  condition,  the  wall  becomes 
thickened  and  may  be  contracted  over  a  mass  of  closely  packed  stones. 
In  such  a  condition  there  are  often  adhesions  around  the  gall-bladder 
and  a  stone  or  stones  may  ulcerate  in  one  of  several  directions.  A 
large  stone  of  the  combined  cholesterol  type  may,  for  example,  ulcerate 
thimigh  into  the  duodenum  or  less  frequently  into  the  colon.  It 
may  be  passed  along  the  bowel,  but  it  may  become  arrested  at  some 
part  of  the  small  intestine,  chiefly  by  contraction  of  the  muscular 
coat,  and  in  this  way  may  produce  acute  intestinal  obstruction. 
Ulceration  into  the  portal  vein  with  the  setting  up  of  portal  pyaemia 
has  been  recorded. 

Lastly,  the  irritation  produced  by  gall-stones  may  lead  to  the 
development  of  carcinoma,  either  in  the  gall-bladder  or,  more  rarely, 
in  connection  with  the  large  ducts. 

Congenital  Abnormalities.  Minor  abnormalities  of  the  gall-bladder 
which  concern  its  size,  shape,  mode  of  attachment  to  the  Ixver,  etc.,  are  not 
uncommon,  but  reference  need  be  made  only  to  the  important  condition  of 
obliteration  of  the  bile-duct  sometimes  met  with  at  birth.  There  may  be  merely 
a  local  obliteration  or  narrowing  above  the  orifice  into  the  duodenum  or  at  a 
higher  level,  or  a  considerable  part  of  the  duct  may  be_  absent,  and  it  may  be 
impossible  to  find  any  trace  even  on  microscopic  examination.  The  condition 
of  the  gall-bladder  varies  considerably  ;  sometimes  the  bladder  is  dilated,  some¬ 
times  small.  It  may  be  absent  entirely.  There  is,  of  course,  complete  excluBion 
of  bile  from  the  bowel,  with  intense  jaundice,  coming  on  soon  after  birth,  and  death 
usually  follows  at  an  early  period.  According  to  some  observers  the  condition 
merely  represents  a  developmental  abnormality,  whilst  others  regard  it  as  the 
result  of  inflammatory  change.  Muir  came  to  the  conclusion  that,  in  many 
cases  at  least,  the  lesion  was  the  result  of  a  primary  congenital  defect  and  not 
secondary  to  infiammation.  Occasionally  secondary  obliteration  may  follow 
obstruction  of  the  main  ducts  by  concentrated  and  inspissated  bile  in  icterus 
gravis  neonatorum.  The  condition  may  possibly  therefore  arise  in  two  ways 
which  may  be  difficult  to  distinguish  when  death  occurs  after  several  months. 
As  mentioned  above,  in  a  large  proportion  of  cases  biliary  cirrhosis  is  present 
in  the  liver. 
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Tuinoiirs.  Simple  tumours,  sucb.  as  fibroma,  papilloma,  and 
lipoma,  have  occasionally  been  described,  but  they  are  all  very  rare. 
A  papilloma  may  occasionally  reach  a  considerable  size  and  may  lead 
to  obstruction  to  outflow  with  much  distension  of  the  gall-bladder. 
Carcmoma  is  comparatively  common,  and  the  presence  of  gall-stones 
is  an  important  factor  in  its  causation ;  statistics  show  that  gall¬ 
stones  are  present  in  fully  80  per  cent,  of  the  cases  of  cancer.  The 
growth  starts  most  frequently  in  the  fundus  ;  next  in  order  of  frequency 
probably  comes  the  region  of  the  neck.  It  is  usually  of  the  slowly 
growing  infiltrating  type,  but  sometimes  it  is  a  soft  growdh  with  a 
tendency  to  necrosis.  Occasionally  the  gall-bladder  may  he  practically 
destroyed  and  its  cavity  represented  by  a  small  irregular  space  in 
which  gall-stones  may  be  present.  Tt  may  involve  the  liver  by  con¬ 
tinuity,  or  it  may  give  rise  to  numerous  metastases.  In  the  majority 
of  cases  the  growi^h  is  an  adenocarcinoma,  sometimes  a  cancer  of 
spheroidal  cell  or  the  mucoid  type.  Squamous  epithelioma,  arising 
secondarily  to  metaplasia  of  the  lining  epithelium,  also  is  met  with. 

Carcinoma  occurs  also  in  connection  wdth  the  large  hile-diicts. 
The  two  commonest  sites  are  the  lower  end  of  the  common  bile-duct 
and  the  junction  of  the  cystic  and  hepatic  ducts,  the  latter  being  more 
frequent ;  this  site  is  also  commonly  involved  by  secondary  lymphatic 
spread  from  a  primary  growdh  in  the  gall-bladder.  The  cancer  is 
usually  a  small  and  slowly  growing  tumour.  Sarcoma  of  the  gall¬ 
bladder  has  been  recorded,  but  the  cases  are  very  few,  and  some 
apparently  spindle- celled  growths  are  actually  anaplastic  squamous 
carcinomata. 

Jaundice 

The  occurrence  of  jaundice  is  ultimately  coiniected  with  the  forma¬ 
tion  and  disposal  of  bilirubin  in  the  body.  From  the  work  of  van 
den  Bergh,  McNee,  Mann  and  others  it  is  now  accepted  that  bilirubin 
is  formed  in  the  breakdown,  of  hsemoglobin  by  the  cells  of  the  reticulo¬ 
endothelial  system  in  various  sites,  and  it  is  probable  that  the  chief 
site  of  formation  varies  in  different  animals,  e.g.  in  man  the  spleen, 
in  the  dog  the  bone-marrowy  and  in  the  goose  the  Kupfier  cells. 
The  resulting  pigment,  hmmobiliruUn,  is  normally  present  in  the 
plasma  in  a  concentration  of  0-2-0-8„  mg.  per  100  ml.  (1  :  500,000- 
1  : 125,000).  The  hepatic  parenchyma  ceUs  take  no  part  in  the 
formation  of  bihrubin  but  extract  it  from  the  plasma  and  transfer 
it  into  the  biliary  passages  from  which  it  enters  the  intestine,.  In  the 
process  the  hsemobilirubin  is  altered  in  some  way,  perhaps  being  sjylit 
off  from  loose  combination  with  plasma  protein,  with  a  consequent 
reduction  in  the  size  of  molecule  and  alteration  in  its  physical  and 
chemical  properties  ;  it  is  then  known  as  cholebilirubin.  Increase  in 
the  formation  or  reduction  in  the  excretion  of  bilirubin  are  thus 
liable  to  produce  a  rise  in  the  level  of  bile  pigment  in  the  plasma, 
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and  wlieii  tliis  becomes  sufficient  to  cause  coloration  of  the  skin 
and  other  tissues  the  term  jaundice  or  icterus  is  applied.  According 
to  the  severity  and  duration  of  the  condition  the  skin  presents  various 
degrees  of  yellow  staining  up  to  deep  orange  colour  and  in  very  chronic 
cases  the  tint  may  become  more  of  an  olive-green  owing  to  formation 
of  biliverdin.  The  internal  organs  also  are  pigmented  in  varying 
degrees  with  the  exception  of  the  brain  and  spinal  cord,  which  are  not 
affected.  In  icterus  gravis  neonatorum,  however  (p.  503),  there  may 
be  bile  staining  of  damaged  areas  in  the  central  nervous  system,  usually 
localised  to  the  grey  matter  of  the  basal  nuclei— -the  so-called  kernicterus 
—but  sometimes  affecting  the  cortex  (p.  702).  The  presence  of  the 
pigment  in  the  blood  in  a  case  of  marked  jaundice  is  readily  shown  by 
the  colour  of  the  serum  which  sfeparates  on  clotting.  Bile  pigment 
may  also  be  excreted  in  theyurine  and  in  the  sweat ;  the  tc^ars,  however, 
are* not  coloured,  nor  are  the  saliva,  gastric  juice  or  secretion  from  the 
bile-ducts  (p.  666).  When  the  cause  of  the  jaundice  has  been  removed 
the  skin  may  remain  stained  for  some  time  after  the  serum  bilirubin 
level  has  returned  to  normal.  There  is  also  a  variety  of  jaundice  in 
which  the  skin  is  coloured,  but  bile  pigment  does  not  appear  in  the 
urine;  accordingly  the  term  acholuric  jaundice  is  applied  (p.  477). 

When  a  li®morrhagic  effusion  occurs,  bilirubin  is  formed  loc-ally  from 
luBmoglobin  and  is  detectable  in  a  few  days  by  Ehrlich  s  diazo  reaction.  Iho 
bilirubin  must  first  be  extracted  from  the  extravasated  blood  after  precipitation 
of  the  proteins  by  means  of  alcohol,  the  pigment  then  going  into  solution  in 
the  alcohol,  and  on  the  addition  of  the  diazo  reagent— a  mixture  of  sulphanilic 
acid  and  sodium  nitrite — a  bluish  violet  colour  develops  at  once.  When  icteric 
sera  are  similarly  treated,  all  the  bilirubin  they  contain  takes  pai-t  in  i.he  (colour 
reaction,  and  this  is  the  basis  of  the  qumititative.  van  den  Bergh  T*oa.ction,  the 
intensity  of  colour  developed  being  matched  against  a  known  colour  standard. 
Van  den  Bergh,  however,  established  that  in  conditions  of  exc.oss  of  bilirubin 
in  the  blood  the  diazo  reaction  might  occur  in  either  of  two  forms.  When  the 
diazo  reagent  is  added  to  serum  without  previous  precipitation  of  the  proteins 
by  alcohol,  in  certain  cases  a  bluish-violet  colour  develops  at  once— the  immediaie 
direct  reaction — but  in  other  cases  the  colour  fails  to  develop  or  appears  only 
after  some  time.  If  in  such  cases  the  serum  proteins  are  precipitated  with 
alcohol,  the  addition  of  the  diazo  reagents  at  once  gives  the  .bluish- violet  colour, 
which  in  these  circumstances  is  known  as  the  indirect  reaction.  Clearly,  there¬ 
fore,  all  bilirubin  will  give  the  diazo  reaction  under  the  conditions  of  the  indirect 
test,  but  only  in  certain  cases  will  the  colour  develop  on  the  addition  of  the 
reagent  to  serum  directly.  The  bilirubin  in  gall-bladder  bile-— -cholebilirubin— 
is  found  to  give  the  immediate  direct  reaction  and  also  the  bilirubin  in  the 
blood  in  cases  of  obstructive  jaundice.  On  the  other  hand,  the  bilirubin  in  old 
extravasations  of  blood  and  in  the  serum  in  cases  of  acholuric  ja\mdice  gives 
only  the  indirect  reaction. 

In  some  conditions,  especially  in  jaundice  axising  from  damage  to  the  liver 
cells,  a  reddish  colour  appears  at  once  and  gradually  or  quickly  deepens  to  a 
bluish- violet  tint.  This  was  called  the  hiphasic  reaction  and  was  attributed 
to  the  presence  of  both  types  of  bilirubin  ;  but  such  an  explanation  is  difficult 
to  reconcile  with  Mann’s  observation  that  the  bilirubin  accumulating  in  the 
plasma  after  total  hepatectomy  may  give  a  biphasic  reaction  {ride  infra). 

When  &st  introduced  the  van  den  Bergh  reaction  was  regarded 
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as  of  value  in  differentiating  between  the  various  types  of  jaundice 
met  with  clinically,  but  in  this  respect  it  has  proved  disappointing, 
owing  to  the  frequent  occurrence  of  equivocal  or  biphasic  reactions 
in  chnically  obscure  conditions.  Its  chief  use  lies  in  the  quantitative 
determination  of  the  total  bilirubin  content  of  the  serum,  ■which 
enables  the  degree  of  jaundice  to  be  assessed  and  fluctuations  in  its 
severity  to  be  followed.  McNee  concluded  that  all  bilirubin  which 
gives  the  direct  reaction  has  passed  through  the  liver  cells,  i.e.  is  chole- 
bihrubin,  and  its  presence  in  the  blood  in  jaundice  is  due  to  reabsorp¬ 
tion  into  the  circulation ;  this  variety  of  jaundice  may  therefore  be 
termed  regurgitation  jaundice.  Bilirubin  giving  only  the  indirect 
reaction  is  of  hsemobilimbin  type  ;  when  this  is  present  in  excess  the 
pigment  has  not  passed  through  the  liver  cells  and  the  jaundice  may 
be  said  to  be  of  retention  type. 

Jaundice  in  the  clinical  sense  occurs  only  w^hen  the  content  of 
bilirubin  in  the  blood  plasma  or  serum  reaches  a  certain  level,  usually 
over  2  mg.  per  100  ml.  In  various  conditions  the  amount  of  bilhubin 
may  be  somewhat  increased  (between  0*8  and  2  mg.  per  100  ml.) 
without  obvious  coloration  of  the  skin  and  other  tissues  and  this 
is  spoken  of  as  lateyit  jaundice.  In  regurgitation  jaundice  the  con¬ 
dition  is  one  of  cholsemia,  i.e.  bile  (including  pigment,  bile  salts,! 
cholesterol,  etc.)  is  present  in  the  blood  stream,  whereas  in  retention  I 
jaundice  bilirubm  only  is  present.  The  direct  and  indirect  reactions  | 
in  the  two  main  conditions  mentioned,  viz.  obstructive  jaundice  and 
acholuric  jaundice,  thus  receive  a  satisfactory  explanation.  It  is 
also  reasonable  to  suppose  that  when  the  liver  is  damaged  there  may 
be  two  results,  viz.  both  failure  to  excrete  fully  the  haemobflirubin 
brought  to  it  and  also  a  certain  degree  of  obstruction  to  the  flow  of 
bile  by  damage  in  the  liver  parenchyma.  Thus  both  forms  of  bilirubin 
may  accumulate  in  the  blood  and  in  such  cases  the  reaction  is  often 
biphasic.  As  regards  excretion  by  the  kidney,  there  is  said  to  be  a 
distinct  threshold  value  of  about  2  mg.  of  cholebilirubin  per  100  ml., 
but  it  is  doubtful  if  this  is  strictly  correct.  In  cases  of  infective 
hepatitis  excretion  of  bile  pigment  in  the  urine  is  often  seen  in  the 
pre-icteric  stage  when  the  serum  bilirubin  is  not  notably  raised  and 
in  some  cases  this  excretion  may  be  a  factor  in  preventing  or  minimis¬ 
ing  clinical  icterus  ;  at  a  later  stage  excretion  may  cease  in  spite  of 
a  rise  in  the  serum  bilirubin,  suggesting  an  alteration  in  the  renal 
threshold.  On  the  other  hand  haemobilirubin  does  not  pass  into  the 
urine  even  when  present  in  the  blood  in  amounts  substantially  greater 
than  2  mg. ;  accordingly  we  would  expect  that  jaundice  due  to  excess 
of  this  type  of  pigment  in  the  blood  would  be  of  the  acholuric  variety 
and  in  practice  this  is  found  to  be  the  case.  Although  excess  of 
bilirubin  in  the  blood  is  taken  as  an  indication  of  jaundice,  the  presence 
or  absence  of  other  constituents  of  the  bile,  especially  the  bile  salts 
and  cholesterol,  has  to  be  considered,  and  to  their  presence  certain 
of  the  symptoms  of  jaundice  are  due.  An  important  distinction  is 
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therefore  made  between  true  cholsemia  and  the  mere  presence  of 
excess  pigment,  and  there  is  some  evidence  that  in  the  former  condition 
the  presence  of  excess  cholesterol  and  bile  salts  in  the  plasma  may  be 
the  chief  factor  in  preventing  regurgitated  bilirubin  from  again  becom¬ 
ing  adsorbed  to  plasma  protein  ;  consequently  after  reabsorption  into 
the.  blood  it  continues  to  give  the  direct  reaction  (Lichtman). 

Vabietibs  of  Jaundice.  In  the  great  majority  of  cases  the  cause 
is  some  lesion  present  in  the  liver  or  bile-ducts— -we  may  apply  the 
term  hepatic  or  hepatogenous  jaundice  to  aU  such  cases.  Such  jaundice, 
again,  may  be  of  two  main  types,  (a)  In  one,  there  is  some  interference 
with  the  passage  of  bile  from  the  liver  to  the  intestine,  with  consequent 
absorption  of  bile  pigments  and  other  constituents — obstructive  or 
rexjurgitation  jaundice.  (6)  In  the  other  type  there  is  no  such  mechanical 
factor  manifest,  but,  as  the  jaundice  is  accompanied  by  evidence  of 
damage  to  the  liver  cells  caused  by  definite  chemical  poisons  or  by 
bacterial  toxins  in  infections,  the  term  toxic  or  hepato-cxdhilar  jaimlice 
may  be  conveniently  applied  to  it.  In  spirochsetal  jaundice  and  in 
various  forms  of  infective  hepatitis,  the  organisms  or  viruses  producing 
the  toxins  are  present  in  the  liver,  and  in  this  case  the  term  infective 
jaundice  is  often  applied,  but  the  mode  of  its  production  is  probably 
the  same  as  when  the  jaundice  is  caused  by  poisons  without  the  presence 
of  organisms  in  the  liver.  In  some  cases  of  toxic  jaundice  there  may 
be  actual  obstruction  of  the  minute  biliary  channels  ;  yet  the  term 
‘  toxic  ’  is  convenient  as  indicating  the  primary  nature  of  the  condition. 
Many  poisons  which  cause  toxic  jaundice  also  produce  increased  blood 
destruction,  e.g.  T.N.T.,  and  accordingly  this  increased  haemolysis 
will  tend  to  accentuate  the  jaundice.  In  other  cases  of  toxic  jaundice, 
e.g.  that  caused  by  tetrachlorethane,  there  is  no  evidence  of  increased 
blood  destruction. 

Lastly,  in  a  small  group  of  cases  no  abnormal  state  can  be  found  in 
the  liver,  and  the  jaundice  apparently  depends  upon  excessive  blood 
destruction ;  the  term  hematogenous  or  haemolytic  jaundice  is  then 
applied.  They  constitute  a  small  proportion  of  cases  of  jaundice, 
and  the  staining  of  the  skin  is  usually  of  slight  degree,  whilst  bilirubin 
is  absent  from  the  urine. 

The  provisional  classification  accordingly  is  ;  (1)  Hepatogenous 
jaundice,  (a)  Obstructive  with  regurgitation  of  bilm_^  Toxic  and 
infective  (with  or  without  increased  haemolysis),  u^ftnepato-cellular ; 
(2)  Haematogenous  or  haemolytic  jaundice. 

(1)  Hepatogenous  Jaundice,  (a)  Obstructive.  This  may  be 
produced  in  a  variety  of  ways.  The  lumen  of  tKe  common  bile- 
duct  may  be  blocked  by  a  gall-stone,  passing  down  or  impacted, 
there  being  then  more  or  less  complete  absence  of  bile  from  the  stools. 
Other  conditions  leading  to  blocking  of  ducts  are  infective  cholangitis, 
with  or  without  the  presence  of  gall-stones  ;  constriction  of  the  duct  or 
pressure  on  it  from  outside ;  cicatricial  contraction  resulting  from 
old  ulceration ;  and  cancer  at  the  lower  end  of  the  common  duct  or 
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in  the  head  of  the  pancreas.  Also,  cancerous  or  other  growths  in 
the  portal  fissure,  enlarged  lymph  nodes  due  to  tuberculosis  or  Hodg¬ 
kin’s  disease,  aneurysm,  etc.,  may  lead  to  jaundice  by  pressure.  Then 
there  is  a  group  of  conditions  in  the  liver  itself — conditions  which 
affect  many  of  the  ducts.  Jaundice -may  be  occasionally  produced 
in  this  way  by  secondary  malignant  growths  in  the  substance  of  the 
liver  and  also  in  certain  types  of  cirrhosis  as  described  above,  but 
in  cases  of  atrophic  cirrhosis  the  minute  ducts  escape  compression 
and  obstruction  by  the  connective  tissue  and  overt  jaundice  is  un¬ 
common  except  when  a  more  massive  cellular  necrosis  occurs  termin¬ 
ally.  It  is  to  be  noted,  however,  that  in  cases  of  cirrhosis  without 
visible  jaundice  there  is  often  slight  increase  of  bilirubin  in  the  blood  ; 
that  is,  latent  jaundice  is  present. 

When  obstruction  of  ducts  occurs  it  is  quite  clear  that  the  liver 
cells  go  on  forming  bile,  and  this  leads  to  distension  of  the  bile  capil¬ 
laries  between  the  liver  cells.  In  cases  of  some  standing  these  may 
be  filled  with  hyaline  greenish  plugs  of  inspissated  bile,  which  often 
show  branching  processes  passing  between  the  liver  cells.  If  there  is 
chronic  obstruction  low  down,  the  large  ducts  also  become  dilated  and 
the  characters  of  their  contents  vary  according  to  the  position  of  the 
obstruction  (p.  665).  The  accumulated  bile  iii  the  liver  contains 
only  a  part  of  the  pigment  formed,  the  rest  being  absorbed  and  carried 
into  the  circulation.  There  has  been  dispute  as  to  the  path  of 
absorption.  The  results  of  some  experiments  point  to  its  being  by 
way  of  the  lymphatics  ;  others  no  less  clearly  seem  to  prove  that  the 
pigment  passes  directly  into  the  blood.  Probably  both  paths  are  con¬ 
cerned  in  the  absorption.  It  is  clear  that  the  bile  pigment  readily 
diffuses  through  the  capillary  walls  into  the  tissues,  and  it  would  be 
strange  if  a  similar  diffusion  did  not  occur  from  the  surcharged  liver 
cells  into  the  related  capillaries.  There  is  often  microscopic  evidence 
of  phagocytosis  of  plugs  of  inspissated  bile  by  Kupffer  cells. 

In  pure  obstructive  jaundice,  not  only  is  there  a  great  accumula¬ 
tion  of  bilirubin  in  the  blood  with  consequent  excretion  in  the  urine, 
but  there  is  also  absorption  into  the  blood  of  bile  salts  and  cholesterol. 
The  bile  salts  are,  as  a  rule,  present  in  considerable  quantity  in  the 
urine,  though  after  a  time  they  may  disappear  ;  apparently  they  may 
cease  to  be  formed  by  the  liver.  The  cholesterol  content  of  the  blood 
is  usually  considerably  increased,  and  cholesterol  esters  are  sometimes 
deposited  in  the  skin  so  as  to  form  yellow  patches  of  xanthelasma 
(p.  145),  and  in  macrophages  in  the  spleen,  causing  splenomegaly. 

The  absorption  of  the  constituents  of  the  bile  leads  in  itself  to 
comparatively  little  toxic  effect.  There  is  usually  a  certain  amount 
of  slowness  of  the  pulse,  with  hebetude  and  mental  depression,  and 
itchiness  of  the  skin  often  occurs. 

Jaundice  and  Coagulation  of  the  Blood.  In  jaundice  the  coagulation 
time  may  be  lengthened  and  there  is  a  tendency  to  bleeding  from 
operation  wounds,  and  to  delayed  healing.  The  chief  factor  concerned 
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is  a  deficiency  of  protlirombin  in  the  blood.  The  liver  is  an  important 
seat  of  formation  of  both  prothrombin  and  fibrinogen,  and  necrotic 
lesions  experimentally  produced,  for  example  by  chloroform,  lead  to  a 
fall  of  both  substances  in  the  blood,  especially  of  prothrombin.  An  im¬ 
portant  advance  was  made  by  the  work  of  Dam  on  a  havmorrliagic 
affection  in  chickens  in  which  aiuemia  and  a  tendency  to  haunorrhages 
were  associated  with  prothrombin  deficiency.  He  showed  that  this 
was  due  to  deficiency  of  a  fat-soluble  vitamin  widely  spread  in  cereals, 
called  by  him  vitamin  K ;  administration  of  this  raised  the  pro¬ 
thrombin  level  and  removed  the  haemorrhagic  tendency.  Later  it 
was  shown  that  a  naphtho-quinone  group  formed  part  of  the  molecule 
and  various  synthetic  preparations  containing  this  group  have  been 
used,  the  substance  2-niethyl- 1,4-naphthoquinone  being  especially 
useful  on  account  of  its  solubility  and  ease  of  absorption.  These 
substances  have  now  been  applied  with  successful  results  in  various 
liver  disorders,  especially  in  obstructive  jaundice  and  biliary  fistula, 
in  which  there  is  prothrombin  deficiency.  The  presence  of  bile  salts 
is  necessary  for  the  absorption  of  the  vitamin  from  the  intestine,  and 
in  the  conditions  mentioned  prothrombin  deficiency  is  the  result  of 
deficient  absorption  of  the  vitamin.  Bile  salts  are  accordingly  given 
along  with  vitamin  K  in  oral  administration,  or  the  latter  may  be 
used  parenterally.  Theoretically,  vitamin  K  might  fail  to  remove 
'prothrombin  deficiency  owing  to  liver  defect,  and  there  is  (wickuice 
that  this  is  actually  the  case,  e.g.  in  cirrhosis.  Prothrombin  deficiency 
has  been  observed  in  other  diseases,  e.g.  in  steatorrhoea,  and  in  hiBmor- 
rhagic  disease  of  the  newborn  (p.  519),  and  the  blood  level  can  be 
raised  by  administration  of  vitamin  K. 

(Prothrombin  along  with  calcium  and  thrombokimiBo  forms  tlirombin,  and 
this  acting  on  fibrinogen  forms  fibrin  and  causes  coagulation.  The  amount  of 
prothrombin  in  any  sample  of  plasma  is  calculated  from  the  ‘prothrombin 
time,’  that  is,  the  time  it  takes  to  cause  coagulation  along^-^Wfth  the  three  other 
factors,  as  compared  with  a  normal  plasma.  The  aiuMwfnis,  of  course,  in  inverse 
proportion  to  the  prothrombin  time.)  . 

Hepatogenous  Jaundice.  [h\  Toxic  or  hepato-ceJlular,  As 
explained  above,  we  apply  this  term  to  the  jaundice  which  occurs 
apart  from  gross  mechanical  obstruction  and  which  depends  upon 
damage  to  the  liver  parenchyma.  Acute  cytolytic  necrosis  of  the 
liver  and  related  forms  of  icterus  gravis  are  outstanding  examples. 

It  is  met  with  in  various  infective  conditions,  being  a  prominent 
feature  in  infective  hepatitis,  yellow  fever  and  spirochsetal  jaundice 
(Weil’s  disease),  where  the  organisms  are  actually  present  in  the  liver, 
and  it  occurs  occasionally  in  typhus,  pneumonia,  septicfcmia,  relapsing 
fever,  smallpox,  etc.  It  is  seen  also  in  some  forms  of  siiakc-bite  and 
in  poisoning  with  various  definite  chemical  std)Btau(5(\s,  v..g.  trinitro-  - 
toluol,  phosphorus,  etc.  ^ 

There  has  been  much  dispute  as  to  the  nature  of  toxic  and  infective 
jaundice.  It  should,  however,  he  regarded  as  likely  that  the  group 
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is  not  a  homogeneous  one,  that  is,  that  the  jaundice  is  not  always 
produced  in  one  way.  Two  factors  may  be  concerned,  [a)  In  the 
first  place,  damage  to  the  liver  cells  may  interfere  with  the  passage 
of  bile  along  the  bile  capillaries,  in  other  "words  a  degree  of  intra- 
canalicular  obstruction  arises.  (6)  As  the  result  of  damage,  the  liver 
cells  may  fail  to  excrete  fully  the  bile-pigment  formed  in  the  reticulo¬ 
endothelial  system.  Both  factors  no  doubt  play  a  part,  though  in 
varying  degree  in  different  cases.  In  such  conditions  various  degrees 
of  damage  up  to  complete  necrosis  of  liver  cells  may  be  present. 
Necrotic  foci  in  the  columns  of  liver  cells  may  interfere  with  the 
passage  of  bile  from  the  parts  beyond,  and  dislocation,  or  even  swelling, 
of  the  liver  cells  may  have  a  like  result.  Some  cells  may  contain 
granules  of  bile  pigment,  and  the  appearance  is  as  if  there  w^ere  an 
interference  wdth  the  discharge  of  bile  from  these  cells  ;  while  in 
cytolytic  necrosis  whole  areas  of  parenchyma  may  be  isolated  from 
their  bile-ducts.  Another  possible  cause  of  the  jaundice  is  increased 
viscosity  of  the  bile  wLen  there  is  both  cellular  damage  and  increased 
hemolysis. 

In  many  cases  of  toxic  jaundice,  e.g.  cytolytic  necrosis,  the  serum 
gives  an  immediate  direct  reaction  in  the  van  den  Bergh  test,  this 
pointing  to  re-absorption  of  the  bilirubin  from  the  liver  cells  and 
canaliculi ;  in  other  cases,  the  serum  gives  the  ‘  biphasic  reaction 
(p.  676).  There  is  general  agreement  that  in  toxic  and  infective 
jaundice,  the  test  is  not  of  much  service  in  differentiating  the  nature 
of  the  condition,  but  other  tests  are  now  available  (p.  683).  In  cases 
of  toxic  jaundice,  bile  salts  are  often  absent  from  the  urine,  the  term 
‘  dissociated  jaundice  ’  being  then  applied  ;  this,  however,  is  not 
always  the  case,  especially  in  the  early  stages  of  the  jaundice.  The 
symptoms  are  of  a  more  severe  type  than  in  mechanical  or  obstructive 
jaundice,  as  a  result,  in  part,  of  the  condition  causing  the  jaundice, 
and,  in  part,  of  the  associated  deficiency  of  the  liver  produced  by 
damage  to  its  cells.  In  some  cases  the  poison  present  causes  also 
increased  haemolysis,  and  when  this  is  so  the  increased  formation  of 
bilirubin  will  tend  to  accentuate  the  jaundice. 

The  controversy  about  the  relative  parts  played  by  damage  to  the  liver 
cells  and  excessive  haemolysis  in  the  pathogenesis  of  toxic  jaundice  is  now  of 
only  historical  interest.  Minkowski  and  Naunyn  showed  that  in  geese  poisoned 
with  arseniuretted  hydrogen  increased  haemolysis  and  jaundice  resulted,  but 
that  jaundice  failed  to  appear  if  the  liver  was  first  excluded  from  the  circulation. 
McNee,  however,  proved  that  this  result  depended  on  removal  of  the  Kupffer 
cells  which  in  the  goose  constitute  the  greater  part  of  the  reticulo -endothelial 
system.  Mann  and  his  co-workers  have  also  shown  by  means  of  experimental 
removal  of  the  liver  m  dogs  that  bilirubin  is  formed  chiefly  in  the  reticulo¬ 
endothelial  system,  especially  in  the  bone-marrow  and  spleen,  but  there  is 
evidence  that  the  site  of  formation  may  vary  in  different  animals.  In  the  later 
stages  after  Mann’s  experimental  removal  of  the  liver,  the  serum  bilirubin  came 
to  give  a  ‘  biphasic  ’  van  den  Bergh  reaction  but  the  significance  of  this  is  not 
clear.  In  view  of  all  the  recent  work  it  must  be  regarded  as  established  that  the 
main  site  of  normal  bilirubin  formation  is  within  the  reticulo -endothelial  system, 
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the  piginenb  then  l)eing  by  the  liver.  Tlie  capacity  to  break  down 

laemoglobin  into  lunmosiderio  and  an  iroji-tna^  nu)iety  is,  however,  not  confined 
to  reticulo-6Mk5l1ielial  cells,  for  in  the  prosiaice  of  haniioglobiniiria.,  the  kidney 
tubule  ceb^^-re  found  to  carry  out  this  ([('gradation. 

^  (Retention)  Jaundice.  In  many  cases 

where  exensaive  haamolvaiiiJiL.  prese^^^^  there  is  merely  an  increase  of 
bilirubin  in  the  blood,  as  estimated  by  quantitative  methods  (latent 
jaundice)  ;  but  sometimes  there  is  also  a  yellow  discoloration  of  tlie 
skin,  which  may  be  spoken  of  as  haemolytic  jaundice.  This  may 
occur  in  pernicious  anaemia,  though  the  term  jaundice  was  formerly 
not  applied  to  the  condition,  and  notably  in  hereditary  spherocytosis 
and  other  haemolytic  anaemias  in  all  of  which  there  is  achokiric  jaundice 
(p.  477).  The  type  of  transient  jaundice  occurring  in  new-born 
children,  known  as  icterus  neonatorum,  appears  to  be  of  the  same 
variety,  and  it  has  been  found  that  at  the  time  of  birth  the  bilirubin 
content  of  the  serum  of  normal  children  is  mueli  higher  than  at  a 
later  period.  This  is  due  chiefly  to  the  functional  insufficiency  of  the 
immature  liver,  which  is  unable  to  excrete  all  the  bilirubin  formed 
during  the  phase  of  increased  red-cell  destruction  in  the  first  ten  days 
of  life.  In  all  these  conditions  mentioned,  there  is  no  evidence  of 
interference  with  the  flow  of  bile  from  the  livcu  or  of  damage  to  the 
hepatic  cells.  Urobilin  is  usually  present  in  the  urine  in  such  cases, 
and  this  is  discussed  below.  The  bilirubin  in  the  l)lood  does  not 
give  the  direct  reaction  in  the  van  den  Bergh  teat,  and  also  differs 
from  that  present  in  hepatogenous  jaundice  in  that  it  is  not  excreted 
by  the  kidneys.  The  non-appearance  of  bilirubin  in  the  urine  in 
hsematogenous  jaundice  is  not  due  to  its  small  amount,  as  its  con¬ 
centration  in  the  blood  may  be  higher  than  the  threshold  value  for 
the  excretion  of  cholebilirubin. 

The  Entero -hepatic  Circulation  of  Urobilinogen 

When  bile  is  passed  into  the  intestine  most  of  the  bilirubin  is 
converted  into  a  colourless  reduction  product — ^urobilinogen.  This 
is  brought  about  chiefly  by  the  action  of  aniBrobio  bacilli  in  the  colon 
and  the  extent  to  which  the  conversion  occurs  depends  on  the  speed 
with  which  the  faeces  pass  through  the  colon.  In  constipation  most 
of  the  bilirubin  is  converted  to  urobilinogen,  whereas  in  diarrhcea  the 
amount  changed  is  much  diminished.  Indeed  in  severe  diarrhoea  in 
infants  bilirubin  is  often  excreted  unchanged  in  the  stool,  its  rapid 
oxidation  to  biliverdin  giving  the  fseces  a  characteristic  green  colour. 

The  amount  of  urobilinogen  formed  depends  on  the  amount  of 
bilirubin  reaching  the  gut,  and  it  is  proportionately  absorbed  into  the 
portal  blood  and  carried  to  the  liver  where  it  is  reconverted  to  bilirubin 
and  excreted  in  the  bile.  When  the  bilirubin  content  of  the  bowel 
is  diminished,  e.g.  in  biliary  obstruction,  urobilinogen  formation  and 
absorption  are  reduced,  and  if  bile  is  totally  exchided  from  the 
gut  urobilinogen  is  no  longer  formed.  When  bilirubin  is  formed  in 
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increased  amounts  and  enters  the  gut,  e.g.  in  hsemolytic  states,  uro¬ 
bilinogen  is  formed  in  excess  and  a  greater  amount  is  re-absorbed  than 
the  liver,  already  overburdened  vdth  excess  bilirubin  from  hsemolysis, 
can  reconvert  and  excrete ;  consequently  the  surplus  passes  into  the 
systemic  circulation  and  is  excreted  from  the  blood  into  the  urine. 
Accordingly  urobilinogen  appears  in  the  urine  whenever  the  Hver  is 
unable  to  deal  with  the  amount  of  pigment  brought  to  it,  and  this 
may  result  either  from  failure  of  an  inefficient  liver  to  deal  with  a 
normal  amount  or  from  failure  of  a  normal  but  overtaxed  liver  to 
cope  with  an  increased  amount.  The  former  is  commonly  seen  in 
cirrhosis,  toxic  damage  to  the  liver,  etc.,  and  is  an  important  pointer 
to  diminished  hepatic  efficiency,  while  the  latter  is  practically  con¬ 
stantly  present  in  all  h8emol5rfcic  anaemias  and  is  a  useful  diagnostic 
indication' of  excessive  blood  destruction.  It  is  of  course  impossible 
to  assess  accurately  the  amount  of  haemolysis  from  a  study  of  the 
urinary  m'obilinogen  output  alone,  since  this  depends  largely  on  the 
capacity  of  the  liver  to  deal  with  the  surplus  re-absorbed  from  the  gut. 
But  quantitative  estimation  of  the  total  daily  urobilinogen  output 
over  a  period  in  urine  and  faeces  combined  gives  the  most  accurate 
information  on  the  amount  of  haemoglobin  being  destroyed  per  day, 
and  in  obscure  cases  of  haemolytic  anaemia  may  be  the  only  method 
by  which  this  information  can  be  obtained. 

Liver  Efficiency  Tests.  When  we  consider  the  manifold  activities 
of  the  liver  and  the  diverse  nature  of  the  functions  which  must  be 
evaluated  it  is  hardly  surprising  that  a  great  number  of  tests  have 
been  proposed.  Such  tests  are  often  misapplied,  and  some  are  un¬ 
satisfactory,  but  the  consensus  of  opinion  is  that  helpful  information 
is  obtainable  from  the  procedures  enumerated  below,  especially  if 
repeated  tests  can  be  carried  out. 

According  to  the  aspect  of  liver  function  they  are  designed  to 
assess,  liver  efficiency  tests  may  be  conveniently  grouped  as  follows  : 

(«)  Estimation  of  the  blood  level  of  substances  excreted  by  the  liver.  Either 
products  of  normal  metabolism,  such  as  bilirubin,  phosphatase  and  cholesterol, 
or  foreign  substances  introduced  intravenously,  may  be  used.  Of  the  latter 
‘  bromsulphalein,’  a  constant  proportion  of  which  is  normally  removed  by  the 
liver  per  unit  of  time,  is  frequently  employed. 

(6)  Estimation  of  the  capacity  of  the  liver  to  metabolise  a  test  dose  of  substances 
such  as  Isevulose,  or  galactose.  These  are  metabolised  only  after  synthesis  to 
glycogen  by  the  liver.  Precise  information  is  obtained  only  if  quantitative 
estimations  are  made  of  the  blood  level  of  the  sugar  administered.  Estimation 
of  the  total  blood  sugar  is  useless  for  this  purpose. 

(c)  Estimation  of  the  synthetising  and  conjugating  powers  of  the  liver.  When 
sodium  benzoate  is  administered  it  is  conjugated  by  the  liver  to  form  liippuric 
acid,  the  excretion  rate  of  which  in  the  urine  can  easily  be  measured,  and  this 
is  used  as  an  index  of  hepatic  fimction,  provided  that  renal  function  is  satisfactory. 

(d)  Estimation  of  the  total  plas^na  proteins  and  of  their  partition  into  albumin 
and  globulin.  A  fall  in  the  albumin  and  a  rise  in  the  globulin,  especially  the 
gamma  globulin,  occurs  in  cases  of  diffuse  liver  damage.  Both  qualitative  and 
quantitative  changes  in  the  plasma  albumin  and  globulin  determine  the  results 
in  a  number  of  empirical  tests  in  which  various  colloidal  substances  are  thrown 
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out;  of  solution  vvlien  sera.  iToin  ciases  of  hepatic  disease  are  niixed  with  the  tesi^ 
I’eagent.  Tliese  a,biioriiial  results  are  due  chiefly  to  changes  in  the  gamma 
globulin  but  also  to  some  alteration  in  substances  present  in  normal  serum 
which  would  inhibit  the  reactions  ;  these  inhibitors  reside  mainly  in  the  albumin 
fraction,  which  is  often  greatly  reduced.  The  chief  tests  in  this  group  are 
the  cephalin-cholesterol  flocculation  test,  the  colloidal  gold  reaction  and  zinc 
sulphate  reaction,  all  being  reactions  with  gamma  globulin  ;  the  thymol  turbidity 
and  thymol  flocculation  teats,  in  which  in  addition  to  gamma  globulin  the  lipo¬ 
proteins  are  concerned. 

Estimation  of  the  amount  of  prothrombin  in  the  blood,  before  and  after  adrninistra^ 
tion  of  mtamin  K.  A  low  prothrombin  in  the  presence  of  adequate  amounts 
of  vitamin  K  indicates  failure  of  the  liver  to  utilise  this  substance  to  aynthetise 
prothrombin. 

(/)  Estimation  of  the  amount  of  tirobilm^  excreted  in  the  urine. 

For  details  of  these  tests,  manuals  on  laboratory  procedures  should 
be  consulted  .  Only  a  brief  general  summary  of  their  significance  can 
be  given  here.  The  chief  problems  clinically  are  (1)  diagnostic,  i.e. 
the  differentiation  of  obstructive  from  non-obstructive  causes  of 
jaundice,  and  (2)  prognostic,  in  cases  of  diffuse  liver  damage.  Some 
assistance  is  obtained  by  comparing'  the  results  of  a  number  of  the 
above  tests.  In  addition  to  quantitative  estimation  of  serum  bilirubin, 
urinary  urobilinogen  and  plasma  proteins,  three  tests  which  should 
always  be  performed,  it  is  usual  to  carry  out  at  least  one  additional 
test  in  each  category  in  order  to  procure  information  over  a  range 
of  hepatic  functions.  The  most  consistently  useful  tests  appear  to 
be  the  following  :  in  group  {a)  the  alkaline  phosphatase,  which  gives 
consistently  higher  figures  in  obstructive  jaundice  than  in  toxic- 
infective  states  (Sherlock,  Maclagan).  There  is,  however,  a  con¬ 
siderable  zone  of  equivocal  results.  Also  the  clearance  from  the  blood 
of  bromsulphalein  after  intravenous  injection  is  especially  useful  in 
assessing  impairment  of  function  in  the  absence  of  jaundice.  In 
group  (b)  the  Isevulose  and  galactose  tolerance  tests  usually  give 
normal  results  in  obstructive  jaundice,  hut  conversion  of  the  test 
sugar  to  glycogen  is  impaired  in  hepato- cellular  jaundice,  e.g,  in  the 
early  stages  of  infective  hepatitis.  In  group  (c)  the  hippuric  acid 
synthesis  test  often  gives  equivocal  results  and  renal  function  must 
he  separately  assessed.  None  of  these  tests  gives  consistently  helpful 
prognostic  information.  In  group  {d)  quantitative  estimation  of  the 
plasma  proteins  and  of  the  plasma  albumin  and  globulin  should 
always  he  carried  out.  A  severe  fall  in  the  albumin  level,  e.g.  to 
less  than  3  gm.  per  100  ml.,  has  a  very  unfavourable  prognostic  signifi¬ 
cance.  Of  the  other  tests  the  thymol  flocculation  reaction  is  probably 
the  best.  Abnormal  results  are  generally  obtained  in  oases  of  non- 
obstructive  jaundice  due  to  diffuse  liver  damage,  whereas  in  obstructive 
jaundice  a  normal  result  is  the  rule. 

The  various  tests  of  liver  function  are  in  general  likely  to  yield 
positive  evidence  of  impairment  in  conditions  of  diffuse  generalised 
damage  to  the  organ,  and  they  are  often  of  value  in  following  the  progress 
of  a  case.  When  there  are  extensiye  secondary  malignant  deposits 
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or  other  infiltrations  in  the  liver  the  results  of  liver  function  tests 
are  commonly  within  normal  limits  owing  to  the  substantial  functional 
reserve.  In  post-necrotic  scarring  and  in  cirrhosis  and  other  fibrotic 
conditions  folio-wing  diffuse  damage  to  liver  cells,  on  the  other  hand, 
certain  abnormalities  are  likely  to  he  revealed  by  a  judicious  selection 
of  the  above  tests  so  that  it  is  often,  though  not  invariably,  possible 
to  distmguish  diffuse  affections  of  the  liver  cells  from  other  causes  of 
hepatic  enlargement  (Rennie).  Decisive  information  may  sometimes 
be  obtained  by  Uver  biopsy.  By  means  of  puncture  -with  a  trocar 
a  small  cylindrical  piece  of  liver  can  be  removed  which  is  subjected  to 
histological  examination.  The  method  is,  however,  not  -without  some 
risk,  and  the  information  gained  may  be  misleading  if  an  unrepre¬ 
sentative  sample  of  liver  tissue  is  obtained.  Biopsy  by  laparotomy 
is  much  more  satisfactory  and  if  exploratory  laparotomy  is  performed 
the  opportunity  should  be  taken  to  secure  a  representative  portion 
of  liver  for  microscopic  examination. 


THE  PANCREAS 

The  pancreas  is  composed  of  two  kinds  of  tissue  with  distinct 
functions — the  ordinary  acinous  or  glandular  tissue,  which  produces 
the  digestive  secretion  of  the  gland,  and  the  islets  of  Langerhans, 
which  have  been  shown  to  furnish  an  internal  secretion  or  hormone 
of  prime  importance  in  connection  with  carbohydrate  metabolism. 
We  shall  not  deal  in  this  chapter,  however,  with  the  latter  function 
and  the  relation  of  the  pancreas  to  diabetes,  as  these  are  more  properly 
considered  in  connection  with  the  endocrine  glands.  (Chapter  XIX.) 

Degenerative  Changes.  Various  effects  of  malnutrition,  poisons,  etc., 
are  met  with  in  the  pancreas  as  in  other  organs.  Thus  cloudy  swelling  and  even 
a  certain  amount  of  necrotic  change  occur  in  infections,  fatty  degeneration  m 
phosphorus  and  other  poisonings,  and  sometimes  amyloid  change  from  the  usual 
causes.  Fatty  infiltration  or  lipomatosis  is  met  with  in  conditions  of  obesity, 
and  is  often  a  marked  feature  when  the  glandular  tissue  hecemes  atrophied,  e.g. 
after  obstruction  of  the  duct.  Atrophy  of  the  gland  is  met  with  chiefly  in 
connection  with  fibrotic  lesions  and  obstructions  of  the  duct,  to  be  described 
below ;  it  occurs  also  in  inanition,  and  to  a  certain  degree  as  a  senile  change. 
Abnormal  smallness  of  the  pancreas  without  any  other  change  occurs  in  some 
cases  of  diabetes  in  young  subjects,  but  its  nature  and  significance  are  doubtful. 
Pigmentation  in  the  form  of  deposit  of  granular  hsemosiderin,  sometimes  in 
gi'eat  amount,  is  common  in  haemochromatosis  (p.  161)  and  may  be  attended 
by  diabetes.  It  is  important  to  note  that  when  the  pancreatic  tissue  is  injured 
in  various  ways,  it  is  attacked  by  its  own  enzymes,  and  necrosis  results.  Thus 
small  circumscribed  areas  of  dull  yellowish  tissue  are  not  uncommon  at  post¬ 
mortem  examinations.  They  are  met  with  especially  in  conditions  of  acute 
and  chronic  pan(3reatitis,  and  obstruction  of  the  ducts  with  retention  of  secretion  ; 
they  are  often  accompanied  by  patches  of  necrosis  in  the  tat  around. 

Acute  Hsemorrhagic  Necrosis  of  the  Pancreas  (Acute 
Pancreatitis).  This  condition  is  in  most  cases  not  primarily  an  in¬ 
fective  one,  but  is  essentially  an  acute  necrosis  with  haemorrhage 
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in  greater  or  lesser  degree  ;  in  the  later  stages  infection  leading  to 
suppuration  and  even  to  gangrene  may  occur.  These  changes  charac¬ 
terise  stages  in  the  condition  rather  than  distinct  varieties.  In  cases 
dying  very  rapidly  after  the  onset  of  symptoms  we  have  seen  patchy 
necrosis  of  tlie  pancreas  with  only  a  light  InBmorrhagic  speckliiig,  hut 
in  others  of  longer  duration  the  whole  organ  may  be  of  deep  pnrple- 
hlack  colour  owing  to  diffuse  interstitial  haemorrhage. 

Haemorrhagic  necrosis  is  a  somewhat  rare  acute  affection  which 
occurs  most  frequently  after  the  age  of  forty,  and  it  has  a  distinct 
association  with  obesity,  also  with  cholecystitis  and  gall-stones.  The 
disease  occurs  suddenly  with  symptoms  of  abdominal  pain,  vomiting, 
etc.,  and  may  simulate  gastro- duodenal  perforation  ;  in  fact,  opera¬ 
tion  has  frequently  been  performed  on  this  diagnosis.  The  cause  of 
the  rapid  collapse  and  fatal  result  is  not  clear  ;  by  some  it  has  been 
ascribed  to  the  pressure  by  the  blood  on  the  semilunar  ganglia  and 
coeliac  plexus,  by  others  to  the  absorption  Irom  the  damaged  pancreas 
of  protein  derivatives  which  act  as  poisons.  The  latter  is  probably 
the  correct  explanation  as  the  symptoms  may  occur  when  there  is  little 
hsemorrhage.  The  peritoneal  cavity  generally  contains  a  quantity  of 
blood-stained  serous  fluid,  and  numerous  patches  oi  fat  necrosis  result 
from  the  liberation  of  pancreatic  lipase  from  the  damaged  parenchyma  ; 
the  fat  is  split,  the  glycerol  being  absorbed,  while  the  yellowisln‘white 
patches  of  firmer  consistence  represent  fr^/tty  acids.  These  patches 
are  specially  numerous  in  the  region  of  the  pancreas  and  in  the  great 
omentum,  but  they  occur  elsewhere  (p.  129).  The  starch-splitting 
ferment  is  also  set  free  and  is  absorbed  into  the  blood,  which  then 
shows  enhanced  amylolytic  power  ;  it  is  also  excreted  in  the  urine, 
and  the  quantitative  estimation  of  urinary  diastase  may  be  of  diagnostic 
help.  The  haemorrhage  into  the  pancreas  and,  to  a  certain  extent, 
into  the  tissues  around  may  be  so  extensive  that  a  dark  mass  is  seen 
through  the  peritoneum  of  the  lesser  peritoneal  sac.  The  cut  surface 
of  the  pancreas  varies  ;  in  some  cases  it  is  almost  uniformly  haemor¬ 
rhagic,  in  others  there  is  a  mixture  of  dull  yellowish  areas  of  necrosis 
with  haemorrhage  between  and  around,  and  sometimes  the  lesion  is 
mainly  a  necrotic  one. 

On  Miorosoopio  Examination,  three  chief  changes  are  found  to 
be  present,  viz.  necrosis,  haemorrhage,  and  inflammation ;  and  these 
are  associated  in  varying  proportions.  The  haemorrhage  may  be  the 
outstanding  feature,  the  whole  tissue  of  the  gland  being  infiltrated 
with  blood,  whilst  somewhat  diffuse  necrosis  of  the  acini  is  to  be  seen 
at  places.  Many  of  the  small  veins  and  capillaries  often  contain 
agglutinative  thrombi  of  red  cells  owing  to  extreme  loss  of  plasma ; 
later  their  walls  become  necrotic  and  this  may  play  a  part  in  causing 
haemorrhage.  In  other  cases  there  are  areas  of  more  definite  necrosis, 
which  affects  all  the  tissues,  both  glandular  and  interstitial,  and  may 
be  accompanied  by  a  considerable  amount  of  leucocytic  infiltration 
(Fig.  417).  The  inflammatory  reaction  seems  to  occur  somewhat  later. 
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and  is  most  marked  in  the  less  acute  cases.  All  tke  appearances 
may  be  interpreted  as  the  result  of  some  toxic  agent,  which  kills  the 
parenchyma  and  also  acts  on  the  vessels,  leading  to  haemorrhage. 
Clumps  of  bacteria,  chiefly  bacilli,  may  be  present  at  places,  but  it  is 
common  to  find  large  areas  in  which  none  can  be  found  and  there  is 
not  sufficient  evidence  for  regarding  the  necrosis  as  the  result  of  bacterial 
action. 

Gangrenous  Pancreatitis  is  generally  regarded  as  merely  a  late  stage 
.of  the  previous  variety.  The  haemorrhagic  and  necrosed  tissue 
becomes  secondarily  invaded  by  putrefactive  organisms  which  lead 
to  softening  and  disintegration  of  the  tissue,  so  that  a  large  part  of 
the  pancreas  may  become  separated  and  form  a  sequestrum.  These 


Fig.  417. — Acute  pancreatitis,  showing  spreading  necrotic  change  attended  by 
disappearance  of  nuclear  staining,  affecting  both  pancreatic  tissue  and  fat.  X  60. 

changes  are  apt  to  occur  when  survival  has  been  prolonged.  From 
the  infected  area,  organisms  may  spread  to  the  peritoneal  cavity 
and  cause  a  local  or  general  peritonitis. 

The  Etiology  of  hsemorrhagic  pancreatitis  is,  in  most  instances, 
obscure.  It  is  not  infrequently  associated  with  cholelithiasis,  and  it 
is  thought  to  be  due  essentially  to  liberation  of  activated  trypsinogen 
either  as  a  result  of  damage  to  the  parenchyma  or  perhaps  from 
rupture  of  distended  ducts.  In  one  case  Opie  found  a  small  gall¬ 
stone  obstructing  the  orifice  of  Vater’s  ampulla,  and,  as  the  latter  was 
unusually  large,  the  bile  had  passed  along  the  duct  of  Wirsung,  as 
was  shown  by  the  staining  of  its  lining.  This  suggested  that  the  lesions 
in  the  pancreas  might  have  been  produced  by  the  action  of  the  bile, 
and,  on  injecting  bile  into  the  pancreatic  ducts  in  dogs,  he  was  able 
to  produce  hsemorrhage  and  necrosis  in  the  pancreas.  Similar  results 
have  been  shown  to  f  ollow  the  injection  of  other  substances,  e.g.  dilute 
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hydrochloric  acid  (Flexner)  and  also  bacteria.  It  is  therefore  evident 
that  the  pancreatic  tissue  is  very  susceptible  to  the  action  of  irritating 
substances,  but  in  any  given  case  it  may  be  impossible  to  say  what 
the  real  cause  of  the  pancreatitis  has  been.  We  may  mention  that  we 
have  seen  a  case  of  acute  pancreatic  necrosis  somewhat  similar  to 
Opie’s,  but  in  which  the  obstruction  at  Vater  s  papilla  was  produced 
by  an  enterolith  which  had  formed  in  a  duodenaJ.  (livcu'ticulum  closely 
adjacent  to  the  papilla.  The  lining  of  the  pancrc^a-tic  duct  was  deeply 
bile-stained  and  there  was  no  doubt  that  bile  had  [)assed  a, long  it. 

It  has  been  shown  experimentally  that  bile  can  enter  the  pan¬ 
creatic  duct  without  any  obstruction  at  the  papilla.  Archibald  inj ected 
bile  under  pressure  into  the  gall-bladder  of  cats,  and  found  that 
the  resistance  at  the  sphincter  of  Oddi  was  sufacient  to  deviate  it 
into  the  pancreatic  duct  and  cause  necrosis  in  the  pa,nc;r(‘a,s.  The 
application  of  weak  acid  to  the  papilla  increased  the  resistance  by 
causing  spasm,  but  this  was  not  essential  for  the  result.  He  found 
that  infected  bile  was  more  efficient  than  sterile  bile,  but  attributed 
this  to  some  change  in  the  bile  produced  by  bacterial  action  and  did 
not  regard  the  necrosis  as  the  resxilt  of  infection.  Flexner,  some 
years  ago,  pointed  out  the  importance  of  the  com])osition  of  the  bile. 
He  showed  that  the  bile  salts  are  specially  effective  in  producung 
necrosis  and  that  their  action  is  diminished  by  the  j)insen(^e  of  pro¬ 
tective  colloids  such  as  mucin.  The  passage  of  bile,  (^specially  when 
it  is  infected,  into  the  pancreatic  duct  is  at  least  a  fairly  common 
cause  of  pancreatic  necrosis  in  the  human  subject,  and  this  ma,y  occur 
in  the  absence  of  obstruction  at  the  papilla  other  than,  tha.t  due  to 
the  sphincter,  but  this  explanation  cannot  be  applicnl  gcnu'.rally.  For 
example,  it  will  not  aeeoxuit  for  the  cases  of  pa,ncreatici  ncu'-rosis  where 
the  common  bile-duct  and  the  pancreatic  duct  have  entered  the  bowel 
separately,  and  there  is  indeed  no  agreement  on  the  frequency  with 
which  suitable  anatomical  relations  of  the  two  (lu(;ts  ocHuir  to  render 
possible  the  entry  of  bile.  We  may  add  that  exi)erimental  work  has 
shown  that  minor  degrees  of  necrosis  may  be  produc^c^.d  by  the  methods 
mentioned  and  the  lesions  afterwards  may  becomes  }iea,led  a.n.d  fibrosed. 

Rich  and  Duff  have  suggested  that  rupturc!  of  ducts  distended 
by  secretion  after  a  heavy  meal  is  the  origin  of  some  cia,s(\s,  obstruction 
of  the  lumen  being  produced  by  squamous  meta])lasia  of  the  duct 
lining.  Such  changes  are  not,  in  our  experience,  very  frequent,  and 
their  significance  is  uncertain,  but  we  have  seen  in  a  chronic  diabetic 
partial  blockage  of  the  ducts  by  inspissated  secretion  followed  by 
acute  necrosis. 

Suppurative  Pancreatitis  is  usually  caused  by  passages  of  organisms 
along  the  ducts,  but  sometimes  results  by  extension  from  the  sur¬ 
rounding  tissues.  We  have  seen  one  case  where  there  was  ulceration 
of  a  diverticulum  in  the  duodenum,  and  from  this  the  organisms  had 
spread  by  the  lymphatics  to  the  substance  of  the  pancreas.  The 
suppuration,  which  is  often  associated  with  necrotic  change,  may 
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occur  in  one  or  several  foci,  and  may  produce  considerable  destruction 
of  the  gland.  Eat  necrosis  may  be  present  in  the  tissues  around, 
but  it  is  usually  less  marked  than  in  the  more  acute  haemorrhagic 
lesions. 

Chronic  Pancreatitis.  Though  this  is  fairly  common,  its  etio¬ 
logy  is  often  obscure.  Frequently,  however,  the  condition  would 
appear  to  follow  an  ascending  infection  of  the  ducts,  resulting  in 
catarrh  and  m  injury  to  the  gland  parenchyma.  Thus  it  may  be 
associated  with  cholelithiasis,  and  it  occurs  also  when  the  pancreatic 
duct  is  obstructed,  as  will  be  described  below.  It  may  occur  in 
chronic  alcoholics,  and  it  is  certainly  fairly  often  associated  with 
cirrhosis  of  the  liver.  The  combination  of  chronic  pancreatitis  and 
cirrhosis  of  the  liver  is  seen  also  in  haemochromatosis,  where  the  fibrotic 
changes  are  associated  with  accumulation  of  haemosiderin,  the  con¬ 
dition  being  known  as  "bronzed  diabetes.’  The  evidence  is  against 
the  view  that  the  deposit  of  haemosiderin  is  the  cause  of  the  overgrowth 
of  the  connective  tissue.  We  have  met  with  several  cases  in  which 
the  chronic  pancreatitis  had  begun,  whilst  there  was  practically  no 
deposit  of  pigment,  although  the  liver  was  cirrhotic  and  extensively 
pigmented.  Areas  of  fibrosis  in  the  pancreas  may  be  produced,  as 
in  other  organs,  by  arterio-sclerosis  and,  as  stated  above,  they  may 
occasionally  represent  the  lesions  of  mild  pancreatitis  which  have 
become  healed.  Lastly,  there  is  a  form  of  diffuse  interstitial  pan¬ 
creatitis  in  congenital  syphilis.  The  gland  is  rarely  affected  in  the 
acquired  form  of  the  disease. 

In  chronic  pancreatitis  the  gland  becomes  increased  in  consistence 
and  may  be  dense  and  hard.  The  size  varies  ;  sometimes  there  may 
be  some  enlargement,  but  more  frequently  the  gland  is  shrunken,  and 
in  a  condition  of  what  is  called  ‘  granular  atrophy.’  The  histological 
changes  are  of  the  usual  type  and  comprise  overgrowth  of  the  con¬ 
nective  tissue  and  atrophy  of  the  glandular  elements.  The  former 
may  be  chiefly  between  the  lobules — interlobular — or  there  may  be  a 
more  diffuse  growth  between  the  acini — intralobular.  In  the  con¬ 
nective  tissue,  the  small  ducts  may  be  unduly  prominent,  and  some 
of  these  may  be  newly  formed  in  the  same  way  as  the  small  bile-ducts 
in  cirrhosis  of  the  liver.  The  islets  of  Langerhans  suffer  less  than 
the  glandular  acini,  but  they  also  ma^y  be  impheated  in  the  overgrowth 
of  the  connective  tissue  when  it  is  intralobular  in  distribution,  and 
thus  diabetes  may  result. 

Obstruction  of  Pancreatic  Ducts.  Obstruction  of  the  main 
duct  may  be  caused  by  a  pancreatic  calculus,  occasionally  by  a 
gall-stone  filling  the  ampulla  of  Vater,  by  a  cicatricial  contraction, 
or  by  pressure  of  a  tumour,  most  frequently  cancer  of  the  head  of 
the  gland.  When  obstruction  is  produced  in  any  of  these  ways, 
the  condition  of  the  large  ducts  varies  somewhat,  although  usually 
there  is  some  irregular  dilatation.  The  smaller  ducts  may  be  similarly 
affected  and  may  occasionally  show  cyst-like  distension.  The  resxdt. 
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as  ill  other  organs,  no  doubt  varies  according  as  the  obstruction  is 
constant  or  intermittent.  In  the  glandular  tissue  two  changes  follow, 

viz.  atrophy  of  the  secreting 
cells  and  overgrowth  of  the 
connective  tissue.  In  cases  of 
long-standing  nature,  there  are 
only  shrunken  remains  of  the 
parenchyma  to  be  found  in  tlie 
connective  tissue.  Som,etimes 
the  atrophy  is  accompanied  by 
a  considerable  accumulation  of 
adipose  tissue.  The  striking 
feature,  however,  is  that  the 
islets  of  Langerhans  are  not 
affected  by  the  atrophic  pro¬ 
cess,  but,  on  the  contrary, 
they  are  more  prominent  and 
appear  to  be  more  numerous 
than  usual,  owing  to  the 
shrinking  of  the  otlier  tissues 
(Fig.  418),  and  even  when  the 
glandular  tissue  has  |)ractically 
gone,  groups  of  islets  jiractically  unchanged  remain.  Similar  results 
have  been  obtained  by  expcaumcaitaJ  ligation  of  the  pancreatic  duct  in 
animals  ;  here  also  tlu^  persistence  of  the  islets  is  the  outstanding 
feature.  This  is  of  importance  in  connection  with  the  subject  of 
diabetes,  as  this  condition  does  not  as  a  rule  follow  ligature  of  the 
main  duct. 

Pancreatic  Calculi.  These  are  small  concretions  composed 
of  calcium  carbonate  and  a  little  phosphate,  which  form  in  the  pan¬ 
creatic  ducts,  though  their  occurrence  is  rare.  As  a  rule,  they  are  of 
small  size,  rarely  exceeding  that  of  a  pea,  and  they  may  be  numerous 
and  minute.  They  are  irregularly  rounded  or  elongated,  whitish  and 
usually  hard.  In  addition  to  caxising  obstruction  in  varying  degree, 
they  may  lead  to  secondary  bacterial  infection,  with  acute  or  chronic 
inflammatory  change  as  the  result. 

Cysts.  The  most  important  variety  is  the  single  ‘  pancreatic  cyst ' 
which  forms  a  large  rounded  swelling,  sometimes,  as  large  as  a  child's 
head.  The  cyst  usually  contains  a  colourless  fluid,  clear  or  slightly 
turbid,  though  sometimes  there  may  be  an  admixture  of  altered  blood. 
The  pancreatic  enzymes  are  present  in  the  fluid  for  a  time,  and 
may  be  detected  by  the  usual  tests  ;  at  a  later  period,  however,  they 
disappear.  The  formation  of  such  a  cyst  has  been  observed  after 
injury,  and  this  is  regarded  as  the  origin  in  most  instances.  The 
layer  of  peritoneum  over  the  pancreas  is  torn  and  there  then  occurs 
an  escape  of  blood  and  pancreatic  secretion  into  the  lesser  peritoneal 
sac,  the  fluid  becoming  localised  by  adhesions.  The  condition  is  thus 
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Fig.  418. — Fibrosis  of  pancreas  secondary 
to  obstruction  of  the  duct. 

Note  marked  atrophy  of  the  parenchyma  (a), 
while  the  islets  of  Langerhans  (5)  are  not  affected. 
X  60. 
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really  a  pseudo-cyst  which  is  situated  outside  the  pancreas.  In  some 
cases  a  similar  condition  has  been  ascribed  to  an  attack  of  pancreatitis 
with  escape  of  secretion.  But  it  must  be  admitted  that  the  origin 
is  often  obscure.  A  cystic  form  of  adenoma  sometimes  occurs  in  the 
pancreas.  Lastly,  in  Lindau’s  disease,  multiple  cysts  may  occur  in 
the  pancreas — '  cystic  pancreas  ’ — in  association  with  vascular  growths 
in  the  cerebellum. 

Fibrocystic  Disease  of  the  Pancreas.  Recently  Anderson  has  drawn  attention 
to  the  importance  of  fibrocystic  disease  of  the  pancreas  in  the  neonatal  and  early 
infantile  periods.  In  the  newborn  it  is  associated  with  intestinal  obstruction 
due  to  inspissated  meconium — so-called  meconium  ileus.  In  infants  up  to  one 
year  fibrocystic  disease  of  the  pancreas  is  followed  by  respiratory  disease,  notably 


Fig.  419. — Fibrocystic  disease  of  the  pancreas.  The  ducts  are  filled  with 
eosinophilic  laminated  secretion ;  the  acini  are  either  markedly  atrophied  or 
much  dilated,  x  50.  (Prof.  G-.  L.  Montgomery). 

pneumonia  and  bronchiectasis.  In  older  cliildren,  however,  respiratory  symptoms 
are  less  prominent,  and  malnutrition,  with  symptoms  like  those  of  coeliac  disease, 
is  the  chief  complaint.  The  pancreas  is  small,  firm  and  gritty,  the  cysts  rarely 
being  visible  to  the  naked  eye.  On  section  the  acini  and  ducts  are  dilated  and 
filled  with  tough  yellowish  eosinophilic  secretion  which  may  contain  mucin. 
Subsequent  fibrosis,  both  inter-  and  intra-lobular,  may  lead  to  loss  of  the  normal 
lobulation.  The  nature  of  the  disease  is  obscure  but  Farber  suggests  that  it  is 
a  fundamental  disorder  of  secretion  affecting  both  pancreas  and  respiratory 
tract,  the  fibrosis  and  cystic  changes  being  secondary  to  obstruction  by  the 
altered  viscid  secretion. 

Tumours.  Apart  from  carcinoma,  tumours  of  all  kinds  are  very 
rare  in  the  pancreas  ;  the  occurrence  of  sarcoma  is  quite  exceptional. 
Amongst  the  simple  tumours,  fibroma,  lipoma,  lymphangioma, 
adenoma  and  cystadenoma  have  been  described  ;  the  last  mentioned 
may  reach  a  considerable  size.  Cancer  in  the  great  majority  of  cases 
occurs  in  the  head,  less  frequently  in  the  body,  whilst  cancer  in  the 
tail  is  very  rare.  The  growth  is  usually  of  the  hard  infiltrating  variety, 
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tliougb.  occasionally  of  more  encephaloid  type  ;  as  a  rule  it  is  an 
adenocarcinoma,  which  may  mimic  the  pancreatic  structure,  bxit 
sometimes  the  cells  are  quite  irregularly  arranged.  The  growth  in 
the  head  practically  always  leads  to  obstruction  of  the  main  ducts, 
with  exclusion  of  the  pancreatic  secretion  from  the  intestine,  and 
usually  the  common  bile-duct  also  is  obstructed.  Thus  jaundice,  clay- 
coloured  stools,  interference  with  digestion,  etc.,  are  brought  about. 

Recently  tumours  of  the  islets  of  Langerhans  have  been  described, 
often  associated  with  hypoglycaunia.  The  blood  sugai-  is  low, 
0-02-0-05  per  cent.,  and  there  are  also  characteristic  symptoms  ;  som¬ 
nolence,  dizziness,  loss  of  conscioxisness  and  other  nervous  symptoms 
occur  from  time  to  time  and  can  be  abolished  by  taking  sugar,  but 


Fig.  420. — Islet-cell  adenoma  of  pancreas.  The  timiour  consists  of  Ixighly 
differentiated  cells,  with  occasional  dxict-lik©  structures. 
i)cath  was  due  to  hypoglyciumia.  x  75.  (Br.  J.  It.  Aixdersou.) 


] ong  intervals  of  freedom  from  symptoms  occur  spontaneously.  Death 
may  be  preceded  by  coma  from  which  the  patient  cannot  be  roused 
even  by  intravenous  glucose.  The  tumour,  ordinarily  an  adenoma  in 
which  the  structure  of  the  islets  is  reproduced,  is  known  as  a  nesidio- 
cytoma — islet  tumour.  The  cells,  which  are  arranged  in  trabeculae  or 
irregularly,  are  of  both  the  A  and  B  types,  with  the  latter  usually 
preponderating,  and  they  have  been  found  to  have  a  high  content 
of  insulin.  Areas  of  hyaline  fibrosis  may  be  met  with  in  the  tumour 
tissue  and  even  calcification  may  occur.  Malignancy  with  metastatic 
growth  has  been  observed  but  is  a  rarity.  Surgical  removal  of  the 
growth  has  led  to  a  cure  in  a  number  of  instances,  but  the  growth 
may  be  minute  and  unrecognisable  at  operation ;  in  such  cases  it  is 
justifiable  to  resect  the  tail  of  the  pancreas  as  islet- cell  tumours  are 
located  chiefly  in  that  part  of  the  organ.  It  is  clear  that  we  have 
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here  an  example  of  a  tumour  of  an  endocrine  tissue  producing  the 
specific  hormone,  and  in  this  respect  there  is  a  similarity  to  other 
endocrine  growths,  e.g.  those  of  the  anterior  pituitary  lobe,  adrenal 
cortex,  etc. 

Congenital  Abnormalities.  Variations  in  the  configuration  of  the  pancreas 
and  in  the  arrangement  of  its  ducts  are  not  uncommon,  but  it  is  unnecessary 
to  describe  these  in  detail.  Occasionally  the  tissue  of  the  head  surrounds  the 
adjacent  part  of  the  duodenum  as  a  circular  band,  and  a  certain  amount  of 
stenosis  may  be  produced.  This  is  known  as  ‘  ring  pancreas.  ’  The  occurrence 
of  accessory  portions  of  pancreatic  tissue  or  pancreatic  rests  is  to  be  noted  also. 
A  single  rest  or  several  rests  may* be  present,  and  the  commonest  site  is  the 
submucous  tissue  of  the  jejunum,  though  occasionally  they  occur  in  the  duodenum 
and  even  in  the  stomach.  A  pancreatic  rest  has  sometimes  been  found  in  the 
apex  of  a  Meckel’s  diverticulum  and  also  in  an  ordinary  '  false  diverticulum  ' 
of  the  small  intestine.  In  the  latter  situation  it  has  been  supposed  that 
the  presence  of  the  rest  may  cause  the  diverticulum. 


CHAPTER  XV 


THE  NERVOUS  SYSTEM 

THE  BRAIN 

Introductory.  If  we  consider  the  morbid  changes  of  the  nervous 
system  as  a  whole,  we  find  that  some  correspond  in  their  nature  with 
those  observed  in  other  organs — for  example,  those  produced  by  in¬ 
fections,  arterial  disease,  and  tumour  growth.  Such  lesions,  in  fact, 
account  for  a  large  proportion  of  cases  of  nervous  disease  met 
with  clinically.  In  another  group  of  cases  the  primary  change  is 
in  the  neurons,  sometimes  in  their  axons,,  sometimes  in  the  myelin 
sheaths,  and  is  of  degenerative  nature.  In  this  group  the  etiology 
is  often  obscure,  and  while  it  may  on  occasion  result  from  the  action 
of  poisons  or  toxins,  it  is  now  recognised  that  nutritional  deficiencies 
play  a  more  important  part  either  in  causing  lesions  directly  or  by 
lowering  the  resistance  of  the  nervous  tissue  to  toxic  agents.  On  the 
other  hand,  the  histological  lesions  produced  in  the  nervous  system 
by  known  bacterial  toxins,  e.g.  tetanus  toxin,  are  insignificant  in 
comparison  with  their  profound  clinical  effects.  Lastly,  in  another 
group  of  affections  often  spoken  of  as  functional,  no  structural  changes 
to  explain  satisfactorily  the  symptoms  can  be  found  and  the  etiology 
is  in  the  main  unknown,  but  there  are  indications  that  nutritional  and 
hormonal  factors  may  play  a  significant  part  at  least  in  some  of  these 
states.  Acute  insanity  and  various  mental  disturbances  are  prominent 
examples  of  this  last  group. 

In  connection  with  the  pathological  changes  in  the  brain  we  may 
refer  to  some  anatomical  facts  of  importance.  In  the  first  place 
the  arrangement  of  the  membranes  and  the  distribution  of  the  cerebro¬ 
spinal  fluid  are  intimately  concerned  with  the  spread  of  patho¬ 
logical  processes.  The  dura  mater,  so  far  as  disease  is  concerned,  is 
to  be  regarded  as  a  structure  quite  separate  from  the  pia-arachnoid. 
It  acts  as  a  periosteum  to  the  cranial  bones,  it  is  rarely  the  seat  of 
infection  by  the  blood  stream,  and  its  diseases  are  mainly  of  a  surgical 
nature.  The  pia  and  arachnoid  may  be  considered  really  as  parts  of 
one  membrane.  The  arachnoid  forms  a  continuous  membrane  in 
contact  with  the  dura,  while  the  pia  follows  the  windings  of  the  con¬ 
volutions,  and  the  space  between  them,  known  as  the  subarachnoid 
space,  is  broken  up  by  trabeculae  of  connective  tissue  into  a  series  of 
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intercommunicating  spaces,  filled  with  cerebro- spinal  fluid.  This  sub¬ 
arachnoid  space  or  meshwork  of  the  arachnoid  in  certain  places  is  of 
considerable  size,  forming  the  cisterna  magna  and  the  cisterns  at  the 
base  of  the  brain  ;  apart  from  these  it  is  broadest  in  the  sulci,  and 
there  the  main  vessels  run,  the  veins  superficially,  the  arteries  at  a 
deeper  level.  The  arterial  branches  ultimately  break  up  in  the  pia 
into  minute  twigs  from  which  the  small  nutrient  vessels  pass  into  the 
grey  matter.  At  the  perforated  spots  at  the  base  of  the  brain  there 
enter  the  nutrient  arteries  of  the  basal  ganglia  and  other  deep  struc¬ 
tures  ;  these  are  long  in  proportion  to  their  thickness  and  in  certain 
conditions  are  liable  to  rupture  (p.  708). 

As  an  artery  penetrates  the  brain  substance,  it  carries  with  it 
a  thin  layer  of  the  connective 
tissue  of  the  pia,  and  the 
space,  or  rather  potential 
space,  between  this  tissue 
and  the  artery  wall,  known 
as  the  Virchow-Rohin  space 
or  perivascular  space,  is  thus 
continuous  with  the  sub¬ 
arachnoid  space  (Eig.  421). 

This  arrangement  continues 
down  to  the  ultimate  termina¬ 
tions  of  the  arterioles.  The 
prolongation  of  the  pia 
around  the  vessels,  of  course, 
lies  next  the  grey  matter, 
and  a  thin  space  between  the 
two,  often  seen  in  sections,  is 
known  as  His’s  space.  It  is 
doubtful,  however,  whether 
any  real  space  exists  in 
this  position,  although  sometimes  effused  blood  may  be  seen  between 
the  ordinary  connective  tissue  of  the  pia  and  the  neuroglia  of  the 
grey  matter.  These  arrangements  are  of  importance  in  connection  with 
the  spread  of  pathological  processes.  Thus  organisms  and  their  toxins 
readily  diffuse  in  the  subarachnoid  space  or  meshwork  of  the  arach¬ 
noid,  and  inflammatory  exudate  occurs  around  the  blood  vessels  in 
this  position.  The  inflammatory  process  may  thence  spread  around 
the  nutrient  blood  vessels  passing  into  the  brain  substance,  which 
are  often  seen  to  be  surrounded  by  collections  of  leucocytes  in  the 
perivascular  space.  This  space  also  forms  a  path  by  which  products 
of  degeneration  are  removed  from  the  brain  substance. 

The  communications  between  the  subarachnoid  space  and  the 
ventricular  system  are  likewise  of  importance.  These  are  the  for¬ 
amina  in  the  roof  of  the  fourth  ventricle  which  readily  allow  the 
passage  of  fluid.  Thus,  for  example,  when  hsemorrhage  occurs  into 


Fig.  421. — Hsemorrhag©  into  Virchow- 
Robin  space. 


The  blood  shows  the  relation  of  the  small  artery 
to  the  brain  tissue.  (A,  C.  L.)  X  100. 


690 


TEXT-BOOK  OF  PATHOLOGY 


the  ventricles  and  the  blood  makes  its  way  down  the  aqueduct  into 
the  fourth  ventricle,  it  then  passes  into  the  subarachnoid  space  and 
may  spread  widely  at  the  base  of  the  brain.  It  may  also  pass  for  a 
considerable  distance  over  the  surface  of  the  cord.  In  a  similar  way 
an  inflammatory  process  may  spread  from  the  ventricles  to  the  men¬ 
inges,  or  in  the  reverse  direction.  The  cerebro- spinal  fluid  has  a 
deflnite  circulation  and  this  is  important  in  pathological  states.  This 
subject,  however,  will  be  dealt  with  in  greater  detail  in  connection 
with  obstruction  to  the  circulation  of  the  fluid  (]).  717). 

The  condition  of  the  cerebro-spinal  fluid,  obtained  ordinarily  by  lumbar 
puncture,  often  gives  valuable  information  in  diseases  of  the  nervous  system. 
The  changes  met  with  are  partly  in  the  cells  of  the  fluid  and  partly  in  its  chemical 
composition ;  they  are  manifold  in  character  and  only  the  most  important  of 
them  can  be  given  in  the  accounts  which  follow.  It  may  be  well  to  recall, 
however,  that  the  cells  normally  present  are  almost  entirely  lymphocytes,  the 
number  of  these  being  only  about  4  per  c.mm.  In  disease  the  number  of  these 
cells  often  rises  greatly  and  other  cells,  especially  polymorpho-nuclears,  may  be 
present.  The  normal  cerebro-spinal  fluid  is  qxiite  clear  and  colourless,  does  not 
coagulate  and  its  specific  gravity  is  1,006.  It  contains  only  a  small  amount  of 
protein — about  0-02  per  cent. — and  also  about  0-05-0*  1 0  per  cent,  of  glucose.  The 
chief  salt  is  sodium  chloride,  which  occurs  in  a  percentage  of  approximately  0*75. 

The  Connective  Tissues  of  the  Brain.  The  existence  of  two 
kinds  of  connective  tissue  in  the  brain — neuroglia  and  ordinary 
connective  tissue — is  to  be  borne  in  mind,  as  both  undergo  reactive 
changes.  The  latter,  of  course,  exists  in  the  membranes  and  extends 
inwards  along  the  blood  vessels,  as  already  explained,  whilst  elsewhere 
the  neuroglia  forms  the  supporting  substance.  In  its  general  reactions 
neuroglia  resembles  ordinary  connective  tissue  ;  its  cells  become 
enlarged  and  proliferate,  and  then  produce  glial  fibres  in  increased 
amount.  The  process  of  growth  is,  however,  slower  than  in  the  case 
of  the  ordinary  connective  tissue.  Neuroglial  reaction  is  seen  when 
there  is  any  damage  to  the  brain  substance  proper.  Thus  it  occurs 
in  association  with  degeneration  of  the  nervous  elements,  as  a  sequel 
to  any  acute  inflammatory  change  affecting  the  nervous  matter,  and 
around  any  focus  of  chronic  irritation.  The  growth  of  ordinary  con¬ 
nective  tissue,  on  the  other  hand,  is  seen  in  grosser  lesions  where  the 
blood  vessels  and  their  sheaths  are  involved.  For  instance,  when 
suppuration  occurs  in  the  brain  substance,  there  is  an  abundant 
growth  of  this  connective  tissue  along  with  new  formation  of  blood 
vessels,  and  in  this  way  the  encapsulating  membrane  of  the  abscess 
cavity  is  produced.  In  such  a  case,  neuroglial  overgrowth  and  con¬ 
densation  occur  also,  and  extend  outside  the  granulation  tissue 
enclosing  the  abscess.  Apart  from  such  gross  destructive  lesions,  how¬ 
ever,  the  reactive  changes  in  the  brain  and  spinal  cord  are  chiefly  on 
the  part  of  the  neuroglia. 

It  has  long  been  recognised  that  the  cells  of  the  neuroglia  are  of 
two  main  types,  namely  the  characteristic  branching  cells  or  astro- 
cy tea,  and  smaller  cells  of  somewhat  indeterminate  character.  The 
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observations,  especially  of  Hortega  and  other  workers  of  the  Spanish 
school,  show  that  the  latter  cells  are  of  two  distinct  kinds,  viz.  (a) 
small  cells  of  epiblastic  origin  (like  the  astrocytes),  now  known  as 
oligodendroglia  on  account  of  their  few  small  processes,  and  (b)  small 
cells  of  mesoblastic  origin  called  microglia  or  preferably  mesoglia. 
The  large- celled  glia,  now  known  as  astroglia,  macroglia  or  simply  as 
neuroglia,  may  be  regarded  as  constituting  the  supporting  tissue 
of  the  central  nervous  system,  and  the  gliosis  common  in  so  many 
pathological  states  is  the  result  of  the  proliferation  of  its  cells.  The 
mesoglia  also  plays  an  important  part  in  disease  ;  its  cells,  ordinarily 
inconspicuous,  become  enlarged  and  spherical ;  they  are  then  actively 
amceboid  and  phagocytic,  and.  play  an  important  part  in  removing 
products  of  degeneration.  They  are  often  seen  to  be  laden  with 
fatty  and  lipoid  globules  and  are  then  known  as  '  compound  granular 
corpuscles  ’  (Fig.  429a).  (Cells  of  the  latter  class  may,  however,  arise 
also  from  the  adventitial  cells  or  histiocytes  around  blood  vessels.) 
After  they  have  taken  up  the  products  of  degeneration  they  may  pass 
into  the  perivascular  sheaths  of  the  small  vessels  where  they  may 
be  found  in  large  numbers.  The  mesoglial  cells  may  be  regarded 
as  the  homologues  of  the  histiocytes  of  the  ordinary  connective  tissue 
(p.  74)  :  there  is  no  evidence  that  they  form  glial  fibres.  Some 
facts  are  given  below  with  regard  to  the  oligodendrogha,  but  less  is 
known  as  to  its  functions  in  pathological  states. 

Leucocytes  are  extremely  scanty  in  the  substanct-^  of  the  brain  and 
spinal  cord  under  normal  conditions,  or  are  practically  absent,  but 
may  occur  in  large  numbers  when  pathological  changes  are  present. 
In  certain  conditions  damaged  nerve  cells  may  be  seen  in  process  of 
absorption  by  ‘  neuronophages,’  as  they  are  called  ;  both  mesoglial  cells 
and  leucocytes  exert  this  phagocytic  action. 

It  may  be  added  that  tumours  usually  arise  from  macroglia,  though 
occasionally  from  oligodendroglia.  Tumours  of  the  mesogha  are,  how¬ 
ever,-  unknown. 

We  give  some  further  facts  with  regard  to  the  glial  cells. 

The  astrocytes  are  stellate  cells  with  numerous  fine  branching  processes. 
Protoplasmic  astrocytes  and  fibrillary  astrocytes  may  be  distinguished  the 
latter  have  fibres  in  their  protoplasm,  which  join  cell  to  cell,  and  their 
processes  are  longer  and  straighter.  In  normal  conditions  the  protoplasmic 
astrocytes  are  found  mainly  in  the  grey  matter,  the  fibrillary  astrocytes  in  the 
white  matter  and  subpial  glial  layer.  Both  forms  are  attached  to  the  walls  of 
capillaries  and  other  small  vessels  by  one  or  more  processes  with  swellings 
at  their  ends,  the  so-called  ‘  sucker  feet.’  Under  the  pia  similar  expansions 
unite  with  the  fibres  of  this  membrane.  These  swellings  or  sucker  feet  thus 
represent  the  union  of  tlie  epiblastic  and  mesoblastic  connective  tissue.  Under 
pathological  conditions  the  astrocytes  become  enlarged  and  produce  fibres  in 
excess  ;  they  are  said  to  multiply  by  direct  division. 

The  cells  of  the  oligodendroglia  are  distributed  as,  satellites,  especially  in 
relation  to  medullated  fibres,  between  which  they  form  rows.  They  are  supposed 
to  play  some  part  in  the  nutrition  of  the  medullated  sheath,  but  this  has  not 
been  definitely  established.  They  also  occur  as  satellites  in  relation  to  nerve 
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cells  and  to  blood  vessels.  Although  of  small  size,  thoir  cytological  features 
correspond  m  various  respects  with  those  of  the  colls  of  the  macroglia. 

_  With  regard  to  the  mesoglia  or  microglia,  ono  of  the  most  interesting  noints 
IS  in  connection  with  its  development.  The  mesoglial  cells  do  not  appear  in 
the  central  nervous  system  until  the  vessels  are  formed,  and  they  are  few  in 
number  till  shortly  before  birth,  when  they  invade  the  nervous  tissue  from  the 
pia.  This  invasion  occurs  especially  at  spots  whore  the  pia  is  close  to  the  white 
matter,  and  the  crowds  of  invading  cells  are  spoken  of  as  ‘  fountains.’  Tho  cells 
travel  in  the  white  matter  and  afterwards  become  diffused  througli  tho  grov 
matter.  They  also  are  often  related  to  nerve  cells  and  to  blood  vessels  as  satol 
htes^^  As  has  been  mentioned  above,  in  their  general  boliaviour  in  pathological 
conditions  the  mesoglial  colls  resemble  tho  histiocytes  of  ordinary  connootive 


DEGENERATIVE  CHANGES 

In  some  cases  disturbance  of  nervous  function  is  found  to  be  due 
to  structural  alterations  in  the  neurons,  but  in  others  no  change  to 
form  an  anatomical  basis  for  the  disturbance  is  discoverable.  The 
alterations  met  with  are  mainly  of  a  retrogres.sive  or  degenerative 
nature,  and  they  may  be  primarily  jiroduced  by  the  diri'e.raction  of 
toxins,  diminished  blood  supply,  or  otlier  iuterfiu'ence  with  initrition 
etc.  ;  or  they  may  result  in  one  part  of  the  tumron  Crotn  damage  to 
another  part,  for  example,  the  change's  in  thi'  a.xon  wiu'n  tlie  cell 
body  1.S  de.stroyed.  The  latter,  which  may  hc'  called  ‘secondary 
degeneration,’  will  now  be  considered. 

Secondary  Degenerations.  The  first  of  these  is  the  well-known 
WaUerian  degeneration  which  occurs  in  an  axon  when  it  is  cut  off 
from  Its  neuron,  according  to  the  geiu'ral  la,w  t,ha,t,  a,  portion  of  a,  ei'll 
without  a  nucleus  decays  and  dies.  d’lu.  ehangi's  in  the  a,xon  which 
are_  probably  of  aiitolytic  nature,  consist  in  inngular  swelling  and 
varicosity,  followed  by  the  formation  of  glohnles  and  granule's  and 
ater  by  their  absorption.  The  disturbance  is  redk'cted  in  the  medul- 
iary  sheath,  the  myelin  becoming  broken  up  into  fatty  globules  stain- 
able  by  Marchi  s  method.  The  degeneration  of  the  mvelin,  whie.h  is 
readily  detectable  by  the  staining  reaction,  may  hc'.  sch'u  somedumes 
three  or  four  days  after  the  lesion  ;  the  primary  and  essc'idhil  chan<>-e 
however,  resides  in  the  axons.  After  d(^geiuu'a,tioii  oC  myelin  ha.s 
occurred,  the  fatty  globules  are  gradually  absorlxHl,  maj’nlv  by 
mesoglial  phagocytes,  but  where  large  tracts  are  (k'gcmm'af-nd'  they 
perast  for  a  considerable  time  ;  ultimately,  however,  tlu'y  disa,pp('ar. 

secondary  degeneration,  which  has  been  more 
recently  recognised,  IS  that  which  occurs  in  the  neuron  when  its  axon 
8  been  destroyed  or  inixaed— retrograde  degeneration.  The  changes 

Jlr  reactive  in  nature,  and  the  term 

d  distance  has  been  applied  by  French  writers.  When  a 
example  the  hypoglossal,  is  cut  across,  changes 
neurons  two  or  three  days  afterwards, 

element?  0  ^  The  chromophile 

j  r  iss  s  granules,  gradually  lose  their  configuration  and 
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break  down  into  small  dust-like  particles  which  are  slowly  absorbed. 
The  process,  which  is  called  chromatolysis,  appears  first  around 
the  nucleus  and  then  extends  to  the  periphery.  The  whole  cell 
becomes  pale-staining  and  at  the  same  time  somewhat  swollen  ; 
its  nucleus  becomes  eccentric  in  position,  and  may  even  form  a 
slight  bulging  on  the  surface  of  the  cell.  These  changes  may  be 
followed  by  a  period  of  restitution  which  may  not  be  completed 
till  the  end  of  three  months,  the  appearance  of  the  cell  then 
returning  to  normal.  In  some  cases,  however,  this  does  not  occur  ; 
on  the  contrary,  the  nucleus  may  break  down  or  become  extruded 
ftom  the  cell  and  the  latter  then  disintegrates  and  disappears. 
Changes  similar  to  those  described  are  seen  also  in  sensory  neurons 
and  they  take  place  rather  more  rapidly  than  in  the  case  of  motor 
neurons.  To  what  extent  these  two  results — repair  or  ultimate  loss 
of  the  cell—oGcur,  cannot  be  said  to  be  fully  determined.  It  seems, 
however,  to  be  well  established  that  destruction  of  the  long  fibres 
in  the  spinal  cord  is  followed  by  gradual  disappearance  of  the  corre¬ 
sponding  neurons.  This  has  been  found  to  be  the  case,  for  example,  in 
the  motor  neurons  in  the  cortex  when  the  pyramidal  fibres  have  been 
interrupted,'  and  also  in  Clarke’s  column  when  the  direct  cerebellar 
tract  has  been  the  seat  of  the  lesion.  Among  the  lower  neurons  on 
the  contrary,  restitution  after  the  occurrence  of  chromatolysis  appears 
to  be  the  rule ;  it  is  evident,  of  course,  that  if  the  neurons  became 
destroyed  the  process  of  regeneration  in  the  peripheral  axons  could 
not  take  place. 

In  addition  to  these  secondary  degenerations,  another  form  has  been  described 
called  tertiary  or  trans-neuronal.  This  means  that  a  degenerative  change  passes 
from  a  neuron  to  the  arborisations  of  the  adjacent  neuron  with  which  it  is 
fimctionally  connected,  or  in  a  reverse  direction  from  the  arborisations  to  the 
neuron.  This  atrophic  change  has  been  found,  for  example,  in  the  cells  of  the 
nucleus  cuneatus  and  nucleus  gracilis  when  the  posterior  columns  have 
degenerated  ;  similarly  it  may  happen  in  the  motor  neurons  in  the  anterior 
cornua  w^hen  the  pjrramidal  fibres  have  degenerated.  It  cannot  yet  be  stated, 
however,  under  what  conditions  such  changes  occur  and  what  is  their 
significance. 

Primary  Degenerations.  Under  the  term  primary  degeneration 
we  include  the  structural  changes  produced  directly  by  toxic  action 
or  impairment  of  oxygen  supply.  The  latter  may  result  either  from 
vascular  disease  or  from  anoxaemia,  e.g.  in  carbon  monoxide  poisoning, 
but  might  be  considered  also  to  include  the  serious  daSiage  to  the 
nervous  system  which  is  brought  about  by  interference  with  the 
intracellular  oxidation-reduction  enzyme  systems.  The  retrogressive 
cellular  changes  thus  produced  were  formerly  attributed  largely  to 
the  actions  of  hypothetical  toxins.  When  there  is  deficiency  in  the 
intake  or  in  the  absorption  of  the  vitamin  B  group,  various  disturbances 
of  nervous  function  result  from  interference  with  the  utihsation  of 
carbohydrates  by  the  nervous  tissue  owing  to  faulty  intracellular 
respiration. 
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Before  discussing  the  vaidoiis  primary  degenerations  of  the  nervous  system 
it  is  important  to  consider  the  part  played  in  the  metabolism  of  nervous  tissue 
by  the  vitamin  B  complex.  Vitamin  (aneurin  or  thiamin)  is  essential  for 
intracellular  respiration  as  it  constitutes,  in  conjunction  wil.h  ()yroplioKphoi’ic 
acid,  the  enzyme  co -carboxylase  which  is  concerned  in  the  final  dc'gra elation  oC 
carl)ohydrate  on  which  the  nervous  tissue  is  cliiefly  elependemt  for  if.s  eaua-gv. 
Vitamin  B2  consists  of  several  coniponents,  including  rihedhivin,  nie'otlnic,  aeadl 
and  pyridoxin,  winch  also  participate  in  intracellubir  re^spirallon.  Jtibofla, vin 
phosphate  in  combination  with  protein  takes  part  in  oxidative  processes,  and 
if  this  enzyme  is  deficient,  avascular  tissues  whicli  are  (le^xanhait  upon,  it  for 
oxidation  may  become  vascularised  as  a  roacjtion  to  tissue  a.noxia.,  o.g.  vaseailarisa- 
tion  of  the  cornea  in  Bo  deficiency.  Nicotinic  acid  (niacin)  is  a  c.onstitue.mt  of 
co-enzymes  I  and  II  and  thus  participates  by  reversible  oxidation  a,nd  reducjtion 
in  intermediary  metabolism  ;  deficiency  in  niacin  is  tlu^  principal  but  not  the 
only  disturbance  in  pellagra. 

It  is  not  yet  possible  to  say  how  far  these  metabolic  disturbances 
may  form  the  foundation  of  various  obscure  nervous  disorders  and 
nothing  is  known  about  the  factors  determining  tluvir  loca.lisa.tion,  but 
it  is  clear  that  deranged  metabolism  underlies  th(^  pa-thogencKsis  of 
disorders  apparently  so  diverse  as  peripheral  ^uritis,  Ivorsakow’s 
psychosis,  Wernicke’s  polio-encephalitis  superior,  ])clla.gr‘a  and  beri¬ 
beri,  possibly  also  of  subacute  combined  degeneratioiT  of  tlie  cord, 
lathyrism  and  sixnilar  conditions,  and  of  canine  liyslxM-ia.  due  to  the 
feeding  of  protein  rendered  toxic  by  treatment  with  uitr-ogcui  trichloride. 
The  time  is  not  yet  ripe  for  synthesis  of  the  various  fa,cts  into  a.  single 
theory  of  causation,  but  there  are  certain  poiiitcu-s  in  t.ha.t  direction. 

The  various  causes  will  be  described  below,  but  rcvfcuxmco  may 
be  made  to  their  main  features.  Degenerative  eliaugcs  in  the  nerve 
cells  result  from  the  action  of  a  great  many  poisons,  but  they  are 
in  no  way  specific,  that  is,  peculiar  to  the  particula.r  poison,.  As  has 
been  indicated,  a  clear  distinction  cannot  as  yet  b(^  ma.dc^  between 
the  morbid  changes  in  cells  aitected  by  toxic  action  a.nd  th()S(^  damaged 
by  faulty  metabolism  processes.  Accordingly  it  is  (‘.onvfuiicait  to  refer 
to  such  changes  in  a  general  way  as  ‘  toxic.’  Th(\y  ma.y  b(^  of  acute 
or  of  chronic  nature. 

Acute  toxic  actio7i  is  manifested  chiefly  by  a  swelling  of  the  cell 
and  diminution  or  disappearance  of  the  JSTissrs  granules  or'  clu'omophil 
substance,  and  by  enlargement  and  pallor  of  nucleus,  soTnetimevs  with 
eccentric  position.  Such  changes  correspond  in  a  general  way  with 
those  seen  in  secondary  degeneration  (p.  698),  and  are  often  indis¬ 
tinguishable  from  them.  It  is  to  be  noted  that  actual  necrosis  of 
nerve  cells  with  disappearance  of  nuclei  and  diffuse  staining  of  the 
cell  body,  followed  by  disintegration,  is  met  with  cliicfiy  in.  a.(nito 
inflammations,  such  as  epidemic  encephalitis  and  poliomyelitia,  or 
where  the  blood  supply  is  cut  off. 

The  effects  of  chronic  toxic  action  are  shown  by  shrinking  of  the 
cells,  often  with  loss  of  finer  structure  and  increase  of  chromophile 
substance,  loss  of  normal  outline  and  processes,  vacuolation,  etc., 
and  these  changes  may  be  followed  ultimately  by  death  and  dis- 
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appearance  of  the  cells.  Accumulation  of  brownish  pigment  of  lipoid 
nature,  the  so-called  ‘fuscous  degeneration,’  is  sometimes  a  prominent 
feature  in  atrophy  of  the  cells,  especially  in  senile  conditions  ;  this 
change  in  itself,  however,  cannot  be  regarded  as  of  much  signi¬ 
ficance.  A  very  important  fact  is  that  the  actions  of  various  poisons, 
the  nature  of  most  of  which  is  unknown-,  may  be  indicated  by  change 
first  of  all  in  the  extremities  of  the  axons  ;  these  degenerate  and  the 
degeneration  gradually  extends  towards  the  neurons.  It  is  manifest 
that  in  such  chronic  toxic  conditions,  degenerative  changes  met  with 
in  the  nerve  cells  may  be  partly  the  direct  result  of  the  toxic  action 
itself  and  partly  secondary  to  the  damage  in  their  axons. 

Wernicke’s  Encephalopathy  or  Polioencephalitis  Haemorrhagica 
Superior .  This  is  a  symmetrical  affection  of  the  grey  matter  aroimd  the  third  ven¬ 
tricle  and  the  aqueduct  of  Sylvius,  i.e.  the  hypothalamus,  corpora  mammillaria 
and  medial  pordons  of  thalami ;  to  a  less  extent  in  the  floor  of  the  fourth  ven¬ 
tricle.  The  affected  parts  show  marked  congestion  and  numerous  small  petechial 
haemorrhages,  which  mark  them  off  from  the  ngi-mal  tissue.  The  microscopic 
changes  are  chiefly  vascular — ^marked  irregular  dilatation  of  capillaries  and 
vessels  a  Httle  larger,  with  escape  of  red  corpuscles.  The  parenchyma  is  oedema- 
tous,  but  there  is  relatively  little  damage  to  nerve  cells.  There  is  microglial 
reaction  with  formation  of  compound  granular  corpuscles  and  later  there  is 
neiuoglial  increase.  Emigration  of  leucocytes  from  the  blood  is  httle  marked. 

The  associated  symptoms  are  both  general  and  focal.  There  are  usually 
depression  and  drowsiness  passing  into  coma ;  sometimes  there  is  excitement. 
The  focal  symptoms  are  chiefly  related  to  the  eye  muscles — ophthalmoplegias 
and  nystagmus,  and  there  may  be  marked  polyneuritis.  The  early  view  that 
the  condition  was  mainly  due  to  phronic  alcohoHsm  has  been  only  partially 
supported  by  further  observations.  The  condition  occurs  as  a  complication  of 
various  diseases,  in  a  considerable  proportion  of  which  the  stomach  is  involved, 
e.g.  gastric  carcinoma,  and  it  is  also  seen  in  hyperemesis  gravidarum,  and  other 
conditions  of  persistent  vomiting.  The  disorder  was  rather  common  among 
prisoners  of  war  in  the  Far  East  and  was  attributed  to  dietary  deficiencies.  It 
is  now  generally  accepted  that  insufficient  intake  of  aneurin  and  nicotonic  acid 
and  perhaps  other  members  of  the  B  complex  is  responsible  and  dramatic  im¬ 
provement  often  follows  their  administration.  Its  relation  to  alcohol  is  like 
that  of  polyneuritis. 

Lenticulate  Degeneration.  This  affection,  which  was  first  described  by 
Kinnier  Wilson,  is  a  rare  condition,  but  one  in  which  the  changes  are  of  very 
striking  and  suggestive  character.  It  is  met  with  chiefly  in  adolescence  and 
early  life,  and  although  the  total  number  of  cases  recorded  is  still  small,  it  shows 
a  clear  tendency  to  run  in  families,  as  many  as  three  cases  having  occurred  in 
the  same  family  ;  there  is,  however,  no  evidence  that  it  is  hereditary.  Degenera¬ 
tive  changes  occur  in  the  lenticulate  nuclei,  especially  in  the  putamen,  which, 
as  the  disease  progresses,  become  somewhat  softened  and  of  worm-eaten 
appearance,  and  ultimately  they  may  be  excavated  and  changed  into 
spaces  containing  fluid.  Degeneration  and  disappearance  of  the  nerve  cells, 
attended  by  overgrowth  of  neuroglia,  occur  first ;  and  then  the  proliferated 
neuroglia  becomes  softened  and  disappears,  its  place  being  taken  by  fluid. 
Wilson  found  no  evidence  that  the  lesions  are  due  to  arterial  obstruction,  and 
the  distribution  and  symmetry  of  the  lesions  also  appear  to  be  against  such  a 
possibility.  Some  degeneration  may  be  present  too  in  the  caudate  nuclei,  but 
the  pyramidal  fibres  are  practically  intact,  as  is  likewise  the  spinal  cord.  The 
resulting  symptoms  are  mainly  muscular  tremors  and  spastic  condition  of  certain 
muscles,  and  Wilson  considered  that  these  are  due  to  loss  of  the  controlling 


702  TEXT-BOOK  OP  PATHOLOGY 

influence  of  the  nuclei  on  the  motor  flbres.  It  is  of  speeiul  interest  to  note  that 
the  condition  is  associated  with  a  marked  cirrhosis  of  the  liver,  and  ho  regarded 
the  lenticulate  degeneration  as  probably  the  result  of  toxins  derived  from  the 
liver.  The  etiology,  however,  is  quite  obscure.  There  is  no  evidence  that 
either  the  cirrhosis  or  the  brain  lesion  is  due  to  syphilis  or  alcohol.  In  Kinnier 
Wilson  s  disease  there  is  no  evidence  of  any  blood  group  incompatibility  and  no 
history  of  neonatal  jaundice.  It  appeals  to  bo  quite  unrelated  etioloLucally  to 
kernic  terns.  '  ^ 

Bilateral  degeneration  of  the  lentifomi  nuclei  ma.y  occur  in  cases  surviving 
carbon  monoxide  poisoning,  and  has  also  boon  observed  after  poisonine'  with 
manganese.  ° 

Nuclear  Jaundice.  In  icterus  gravis  neonatorum  about  40  per  cent,  of 
cases  dying  between  second  and  fifth  days  of  life  show  signs  of  damage  to  the 
nervous  system.  There  is  a  variable  degree  of  bile-staining  of  the  basal  ganglia, 
cornu  ammonis  and  hippocampus,  *  subthalamic  nuclei,  olivary  and  dentate 
nuclei,  etc.  ;  this  is  known  as  Jcernicteriis  or  nuclear  jaundice.  The  affected 
areas  are  often  remarkably  symmetrical  and  in  them  the  ganglion  colls  have 
undergone  necrosis  and  are  deeply  coloured  by  bile  pigment.  The  damage 
appears  to  be  recent  and  probably  occurs  soon  after  birtli  rather  than  in  utew. 
In  our  experience  there  is  at  this  stage  usually  no  ovidonco  of  absorption  of  the 
dead  cells.  It  is  generally  agreed  that  bile-staining  is  not  t.lu^  (‘auso  of  the 
nervous  injury  but  merely  renders  prominent  the  <l,a.mag<^d  arcuis.  Infants 
surviving  kernicterus  later  show  choroo.ath,(.4-,osis,  H])a,stic.i(y  and  often)  niontal 
deficiency,  and  in  such  eases  the  destroyed  norvous  tissue  is"a;bsorl)Gd  and  .rophreed 
by  a  neuroglial  scar.  The  cause  of  the  .nerve  {‘.ell  damage  is  obscure  but  its 
occurrence  is  practically  confined  to  cases  of  naitonud  'iHo-immiinisation  by 
Rh  incompatibility  and  it  is  usually  associated  with  seven’)  liver  da, mage  in  the 
infant.  There  is  no  evidence  that  it  is  due  to  intrava,scula,r  a.ggl  ut in.n,tion  and  the 
distribution  of  lesions  would  be  difficult  to  harmonise  wiih,  this  explanation. 

Atrophy.  A  general  atrophy  of  the  brain  is  met  with  in  condi¬ 
tions  such  as  senile  denaentia,  chronic  alcoholism  and  especially 
general  paralysis the  insane  ;  in  all  of  these  cases  there  is  wasting, 
especially  of  the  grey  matter,  and  the  brain  may  also  be  of  firmer 
consistence.  A  more  limited  degree  of  atrophy  occurs,  too,  as  part 
of  the  changes  in  old  age.  When  the  atrophy  is  distinct,  the  con¬ 
volutions  become  more  roimded  and  the  sulci  widened,  so  that  there 
is  an  excess  of  fluid  in  the  subarachnoid  space.  The  pia-arach- 
noid,  especially  over  the  vertex,  is  often  thickened  and  opalescent 
in  appearance,  and,  owing  to  the  excess  of  fluid  in  the  meshwork  of 
the  arachnoid,  the  sulci  appear  to  be  filled  with  semi-gelatinous 
material.  In  a  similar  way  the  shrinking  of  the  brain  substance  is 
attended  by  enlargement  of  the  ventricles,  so  that  they  contain  fluid 
in  excess  of  the  normal.  The  changes  underlying  atrophy  of  the 
brain  vary  in  different  cases.  There  may  be  a  simple  general  wasting 
without  any  distinct  histological  change,  although  in  senile  cases 
there  is  often  an  accumulation  of  brownish-yellow  pigmSFin  the 
n^ve  ceUs—the  so-called  fuscous  degeneration.  In  other  cases 
where  there  is  extensive  disease  of  the  arterial  twigs,  atrophy  and 
disappearance  of  nerve  cells  occur,  and  this  is  often  attended  by 
an  increase  of  the  neuroglia  ;  not  infrequently  there  are  also  micro¬ 
scopic  areas  of  softening  and  these  likewise  lead  to  glial  overgrowth. 
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Such  changes  are  a  prominent  feature  in  senile  insanity.  In  general 
paralysis  of  the  insane  two  processes  are  found  to  be  present  side  by 
side,  namely,  overgrowth  of  neuroglia  and  a  progressive  degeneration 
and  disappearance  of  nerve  cells,  the  whole  condition  corresponding 
to  a  diffuse  chronic  encephalitis  (p.  737). 


EFFECTS  OF  INJURIES 

AU  degrees  of  injury  to  the  brain  may  be  met  with.  In  extreme 
cases  the  calvarium  may  be  broken  in  and  a  considerable  part  of 
the  brain  pulped.  Bruising  of  the  brain  is  met  with  at  two  chief 
sites,  viz,  at  the  site  of  injury  and  at  the  opposite  pole  of  the  brain  ; 
the  latter  injury  is  said  to  occur  by  contre  coup.  It  is,  however,  quite 
common  to  find  no  visible  lesion  where  the  blow  was  struck  and  con¬ 
siderable  laceration  at  the  opposite  pole.  In  fact  this  is  the  rule 
unless  the  blow  has  been  very  severe  or  accompanied  by  fracture  at 
the  site  of  impact.  The  contre  coup  injury  apparently  results  from 
a  wave  of  compression  or  disturbance  from  the  site  of  injury  being 
suddenly  arrested  by  the  hard  base  of  the  skull.  As  the  blow  is  often 
on  the  occiput,  the  tmder  surface  of  the  frontal  and  temporo- 
sphenoidal  lobes 
usually  shows  super¬ 
ficial  laceration,  the 
disintegrated  brain 
substance  being 
mixed  with  blood 
(Fig.  422).  This  will 
be  on  one  side  or 
both  sides,  in  accord¬ 
ance  with  the  site  of 
the  blow.  Along 
with  the  superficial 
laceration  men¬ 
tioned,  there  is  often 
a  considerable 
amount  of  diffuse 
subarachnoid  hse- 
morrhage,  especially  along  the  sulci.  There  may  be  also  escape 
of  blood  from  the  lacerated  brain  tissue  into  the  subdural  space, 
where  it  may  form  a  thin  layer.  (Edema  of  brain,  too,  is  an 
important  occurrence ;  it  is  most  marked  in  the  neighbourhood 
of  lacerations,  but  it  may  be  more  general  and  may  lead  to  the  forma¬ 
tion  of  a  cerebellar  cone  (v,  infra) .  In  conj  unction  with  actual  haemor¬ 
rhage  it  plays  an  important  part  in  increasing  intracranial  pressure 
and  leading  to  symptoms  of  compression.  Such  cerebral  lesions  may 
be  associated  with  a  fracture  usually  of  the  base,  but  laceration  of  the 
surface  of  the  brain  may  occur  without  fracture.  It  is  of  importance 


Fig.  422. — Laceration  by  contre  coup  of  the  under 
surface  of  frontal  and  temporo -sphenoidal  lobes  ; 
also  diffuse  subarachnoid  haemorrhage,  x  -J. 
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to  3iote  that  whilst  laceration  and  lucmorrhage  are  iisiially  su  perficial, 
liamiorrhages  are  occasionally  met  with  around  the  ventricular  system, 
e.g.  in  the  inner  aspect  of  the  thalami  or  around  the  aqued  uct  of  Sylvius. 
When  the  cranial  cavity  is  compressed  at  the  time  of  injury,  there  is  a 
momentary  forcing  of  a  certain  amount  of  fluid  downwards  into  the 
spinal  canal,  and  it  is  possible  that  the  disturbance  of  fluid  in  the  ven¬ 
tricles  may  lead  to  such  haemorrhages.  They  are  undoubtedly  second¬ 
ary  to  injury  and  are  not  to  be  interpreted  as  being  of  spontaneous 
nature  and  thus  possibly  the  cause  of  the  fall  and  injury.  In  the  case 
of  a  person  falling  on  the  feet,  fracture  at  the  base  may  be  produced, 
and  it  is  accompanied  by  laceration  of  the  under  aspect  of  the 
brain.  When  there  is  escape  of  blood  into  the  subdural  space,  and 
the  patient  survives  for  some  time,  the  blood  becomes  brownish  in 
colour,  and  is  organised  from  the  dura  so  that  a  membranous 
formation  results  (see  ‘pachymeningitis  hsemorrhagica,’  p.  706). 
The  lacerated  brain  substance  assumes  a  brownish-yellow  colour.  In 
cases  of  head  injury  the  cerebro-spinal  fluid  obtained  by  lumbar 
puncture  often  contains  red  corpuscles  in  varying  amount.  At  a 
later  period  the  fluid  assumes  a  brownish  or  yellowish  colour  owing 
to  changes  in  the  luBmoglobin  ;  this  is  known,  as  xantliochromia. 

An  especially  important  occurrence  is  laceration  of  the  middle 
meningeal  artery  or  of  its  branches,  which  is  not  iincomnioxi  in  cases 
of  fracture  of  the  squamous  part  of  the  temporal  bone.  The  blood 
accumulates  outside  the  dura  and  gradually  separates  it  from  the  bone, 
so  that  ultimately  a  large  saucer-shaped  clot  forms  which  produces 
compression  of  the  brain  (Fig.  423).  In  such  cases  symptoms  may  be 

little  m  a  r  k  e  d  immediately 
after  varying  degrees  of  initial 
concussion  and  the  patient  may 
regain  consciousness  ;  but  they 
gradually  appear  later,  and 
ultimately  coma  develops. 
Diagnosis  of  the  condition  is  of 
high  importance,  as  it  is 
amenable  to  surgical  treat¬ 
ment.  Fracture  of  a  bone  may 
sometimes  lead  to  laceration  of 
a  venous  sinus  with  extensive, 
bleeding  into  the  subdural  space. 

In  the  great  majority  of 
cases  of  death  following  head 
injury,  some  of  the  above-de¬ 
scribed  changes  are  usually 
distinct.  Occasionally,  how¬ 
ever,  there  may  be  only  slight 
subarachnoid  haemorrhage, 
scattered  petechiae  in  the  brain 


i23. — Large  saucer-shaped  extra¬ 
dural  clot  from  a  case  of  rupture 
of  middle  meningeal  artery.  x  f. 
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substance  or  some  general  oedema.  It  is  important  to  note  that  in 
cases  of  fracture  of  the  base  death  may  result  some  days  later  from 
septic  meningitis,  the  result  of  bacterial  infection  from  the  naso¬ 
pharynx  or  a  nasal  smus. 

Ftoctional  Effects.  The  symptomatology  of  head  injuries  is 
a  complex  subject,  but  two  main  factors  are  concerned,  viz.  concussion 
and  compression.  A  sufficiently  severe  blow  is  followed  by  concussion, 
there  being  sudden  loss  of  consciousness,  general  flaccidity  of  muscles, 
etc.  This  may  be  soon  recovered  from  as  in  the  '  knock-out  ’  blow  of 
prize-fighters,  or  it  may  be  prolonged  and  followed  by  the  symptoms 
of  shock  which  in  severe  cases  may  be  comphcated  by  the  symptoms 
of  compression.  The  mechanism  of  concussion  is  still  a  matter  of 
dispute.  It  has  been  attributed  to  sudden  iutense  ansemia  brought 
about  by  compression  of  the  cranial  cavity,  by  sudden  pressure  of  the 
cerebro-spinal  fluid  on  the  medulla,  and  again  to  molecular  disturb¬ 
ance  of  the  nerve  cells,  this  last  probably  being  the  most  important. 
When  a  patient  regains  consciousness  after  concussion  there  some¬ 
times  follows  a  period  of  cerebral  irritation  which  has  been  ascribed 
to  oedema  of  the  brain  substance.  There  is  usually  amnesia  for  the 
events  immediately  preceding  the  injury. 

When  death  follows  within  a  day  or  two  after  severe  injury,  it  is 
mainly  due  to  cerebral  compression  brought  about  partly  by  effused 
blood  and  partly  by  oedema  of  the  injured  brain  substance.  The 
combined  effect  of  these  two  leads  to  coma,  and  also  to  interference 
with  the  cerebral  circulation  and  thus  to  deficient  supply  of  blood  to 
important  centres.  Those  in  the  medulla  suffer  from  ansemia,  and  it 
is  beheved  that  the  full  and  bounding  pulse  met  with  in  compression 
represents  a  compensatory  mechanism  for  improving  the  circulation. 
Ultimately  this  may  be  insufficient  and  death  follows.  The  onset  of 
compression  is  very  well  illustrated  in  the  case  of  extradural  hsemor- 
rhage  just  described.  When  the  patient  recovers  from  the  earher 
effects  of  the  injury,  processes  of  healing  occur  in  the  lacerated  areas, 
resulting  in  ghosis,  and  this  may  give  rise  to  symptoms  often  of  an 
epileptic  type  at  a  later  period.  This  is  readily  understood  in  the 
case  of  the  grosser  lesions,  but  it  is  important  to  realise  that  there  are 
also  in  head  injuries  multiple  minor  effects  on  the  brain  substance, 
discoverable  only  on  microscopic  examination,  and  that  the  healing 
of  these  may  lead  to  later  functional  disturbance.  It  is,  however, 
remarkable  that  in  cases  of  fracture  of  the  skull  with  evidences  of 
severe  brain  injury  there  may  be  complete  return  to  normal  function 
after  a  time. 

Injuries  of  the  spinal  cord,  like  those  of  the  brain,  are  of  all  degrees 
of  severity.  In  cases  of  fracture,  dislocation,  bullet  wounds,  etc,, 
the  cord  may  be  directly  lacerated,  or  even  torn  across.  Apart  from 
such  extreme  cases,  the  cord  may  be  damaged  from  severe  concussion, 
blows  on  the  back,  falls  on  the  feet,  etc.,  and  hsemorrhage  may  occur 
either  outside  or  inside  the  dura.  Lesions  are  met  with  in  the  sub- 
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stance  of  the  cord  itself,  and  these  are  of  the  nature  of  softenings  of 
all  degrees  or  of  b hemorrhages,  and  the  two  lesions  may  l)e  combined. 
Hemorrhage  occurs  especially  in  the  grey  matter  i>ostoriorly,  and 
tends  to  extend  upwards  and  downwards  through  several  segments. 
In  cases  of  hhemorrliage  into  the  cord,  or  hsematomyelia,  the  blood 
undergoes  the  usual  changes,  and  ultimately  an  elongated  cavity  with 
capsule  may  result,  which  may  simulate  syringomyelia  (p.  772). 
Apart  from  these  grosser  effects  it  is  not  uncommon  to  find  partial 
degeneration  of  fibres  in  the  cord,  which  may  extend  througli  several 
segments.  This  is  apparently  the  result  of  sikUUmi  ])ending  or  stretching 
of  the  cord  at  the  time  of  injury.  Punctioual  (listurf);in(H^  may  be 
produced  in  this  way. 

The  term  fachy meningitis  hxmorrhagica  has  been  applied  to  a  condition  in 
which  membranous  layers  of  brownish  colour  are  found  on  the  inner  aspect 
of  the  dura.  The  term  is  incorrect  as  the  condition  is  not  of  inilamnia,tory 
nature,  but  sini})ly  the  result  of  liicnu)rrha,go  into  th<^  siihduinl  spacer,  a,ud  a 
better  name  is  chronic  subdural  humuitonui.  Such.  nuMubrariu's,  whic.h  are  com¬ 
monest  over  the  (*orebra,l  luanispherevs,  vary  in  Miiekness,  sona^tinuw  beino-  a 
mere  film,  sometinu's  fonnitig  a,  thicker  layer  with  l)n>wiush  fluid  in,  the  central 
parts.  They  are  met  with  in.  eoriditions  ol‘  irisim^ity,  espcua’ally  giaua-at  paralysis 
in  ■which  they  are  not  uiieommoa,  also  iti  siaiik^  ii2sa,nity  a,ti(i  in  chronic,  a.lcoh<Tfisin. 
Similar  membranes  may  he  Ibiind  in  ca,s(\s  of  c.(a*el)r},il  injury  'or  of 

the  skull  with  escape  ol'  blood,  into  subdural  sj)a,c(%  wluai  the 
has  died  some  wrecks  after  the  injury.  If  bloo<ren(.(a\s  tla^,  subdural  spa,c(^  from 
any  cause,  commonly  from  tearing  of  a  small  vein  crossing  llu^  subdui'aJ  space  ~ 
the  so-called  bridging  veins--it  bec.oau^s  diltused  uruhumnith  tlu^  dura,  a,nd  later 
coagulates.  A  I’eaction  is  set  up  wliereby  it,  b(‘(‘()iues  orga,nised  (Vom  (,h(^  side  of 
the  dura  ;  young  blood  vessels  and  (U)nri(H*,tiv(^  (,issue  cells  ()(m(d,i*a,t(^  tlu^  layer 
of  clot  and  gradually  organise  it,  whilst  tlu^  nnl  blood  e()rpuH<l(vs  IxM-ome  dis¬ 
integrated  and  form  various  kinds  of  pigjiuuit ;  a,  lay(yr  of  eudoMuliurn  also 
grows  over  its  surface  from,  the  lining  ol  tlio  dura.  In  tliis  way  a  brownish 
membrane  of  varying  thickness  is  formed.  The  new  vc^ssels  a, re  usually  wide 
and  thin-walled  and  consequently  hannorrhage^s  ma,y  ocunir  a, gain  into  it-s  substance 
and  the  membrane  may  come  to  have  a  somcwlmt  la,mina,ted  a,j)peHrance.  The 
membrane  is  usually  non-adherent  to  the  surface  of  the  a,ra(liuuid,  hut  sometimes 
adhesions  form.  In.  traumatic  cases  symptoms  ol  (*-om]')r<\ssiou  ma,y  o(*,cnr  only 
after  some  weeks,  probably  as  a  result  ol  ineroa,sed  os.motic  pressure  in  the 
mass  of  clot  with  imbibition  of  fluid. 

Intracranial  haemorrhage  in  the  newborn  from  excessive  moulding  of  the 
foetal  head  is  a  serious  complication  of  difficult  labour  ;  xtioat  often  it  results 
from  tearing  of  the  edge  of  the  tentorium  or  falx  cerebri.  There  is  widespread 
subdural^  haemorrhage  and  if  the  infant  survives  permanenii  damage  to  the 
cortex  may  result. 

GIECULATOEY  DISTURBANCES 

Of  these,  by  far  the  most  important  are  arterial  closures  by  throm¬ 
bosis  or  embolism  and  rupture  leading  to  haemorrhage.  We  shall, 
however,  refer  first  to  some  less  important  conditions.  The  amount  of 
blood  present  in  the  brain  'post  mortem  varies  greatly,  and  in  judging 
of  this  the  cranial  cavity  ought  to  be  opened  first,  as  when  the 
thorax  is  opened  and  the  heart  removed,  a  considerable  amount 
of  blood  drains  off  through  the  veins.  General  anmmia  is  seen 
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in  such  conditions  as  severe  lisemorrliage,  heart  fai^^e  especially 
in  aortic  disease,  and  it  is  sometimes  a  marked  feature  in  association 
with  oed^a  in  cases  of  nephritis.  The  brain  appears  very  pale  in 
pernicioiis  and  other  anaemias  owing  to  the  condition  of  the  blood. 
Local  anmmia  is  usually  produced  by  interference  with  the  blood 
supply  in  artoial  disease,  and  the  obstruction  may  be  complete 
or  incomplete.  It  results  also  when  any  gross  lesion  presses  on  the 
brain  substance  and  interferes  with  circulation  through  it.  The 
effects  are  described  below,  in  connection  with  arterial  obstruction. 

Chronic  venous  congestion  of  course  occurs  in  the  usual  con¬ 
ditions,  such  as  chronic^  cardiac  and  pulmonary  disease.  Recent 
venous  engorgement  is  merely  an  agony  condition  and  depends  on 
the  state  of  the  circulation  at  the  time  of  death.  It  is  usually 
a  very  marked  feature  in  cases  of  opium  poisoning  and  other  prolonged 
coinns,  where  the  veins  are  greatly*liistended,  and  the  whole  brain 
substance,  especially  the  grey  matter,  is  intensely  congested  and  of 
purplish  colour.  The  small  vems  in  the  white  matter  are  likewise 
engorged,  and  when  the  brain  is  cut,  small  drops  of  blood  escape  from 
them,  forming  the  so-called  puncta  cruenta.  We  have  observed  an 
extreme  degree  of  this  condition  in  fatal  poisoning  with  stryel^ine. 
With  regard  to  acute  congestion,  a  distinction  is  to  be  made  between 
that  of  the  membranes  and  that  of  the  brain  substance.  The  former 
may  represent  the  earliest  stage  of  an  infective  process  and  organisms 
may  be  present ;  for  example,  in  lobar  pneumonia  pneumococci  may 
sometimes  be  found  in  the  C.S.E.  on  microscopic  examination,  though 
no  actual  exudate  is  present.  Acute  congestion  of  the  brain  sub¬ 
stance,  most  noticeable  in  the  grey  matter,  may  be  met  with  in  fex^rs 
and  other  infe^ive  conditions,  and  it  is  said  to  be  a  prominent  feature 
in  cases  of  sungtroke.  It  is  observed  locally  in  the  region  of  inflam¬ 
matory  changes,  e.g.  in  enceph^itis  lethargica  (p.  744).  The  signifi¬ 
cance  of  acute  congestion  must  be  judged  iii  connection  with  the  other 
conditions  present. 

General  oedema  of  the  brain  is  seen  especially  in  cases  of  nephritis, 
particularly  where  there  is  general  renal  oedema,  and  it  is  accompanied 
by  anaemia.  The  accumulation  of  fluid  occurs  especially  in  the  white 
matter  of  the  brain,  and  when  the  brain  is  cut  with  a  dry  knife  the 
surface  becomes  wetter  afterwards,  owing  to  the  gradual  escape  of 
the  fluid  from  the  tissue  on  to  the  surface.  The  condition  is  some¬ 
times  associated  with  uremia,  although  it  is  not  to  be  regarded  as  the 
cause  of  the  symptoms .  Either  may  occur  without  the  other.  It  appar¬ 
ently  plays  a  part,  however,  in  producing  hyperten^ve  convulsions 
by  increasing  ischaemia  of  the  brain  substance,  especially  in  nephritis 
in  the  earher  years  of  life.  In  some  cases  the  oedema  may  be  so  great 
as  to  cause  a  distinct  cerebellar  cone  {vide  infra),  QEdema  of  the  brain 
may  also  occur  from  head  injiujes  (p.  705).  Local  cederm  is  often 
seen  in  the  neighbourhood  of  gross  lesions,  such  as  tumnur  growths, 
abscesses,  haemorrhages,  etc.,  and  is  the  result  of  interference  with 
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the  blood  supply  by  pressure.  When  this  ha.s  lasted  for  some  time  the 
nerve  fibres  suffer,  their  myelin  becoming  broken  up  into  globules 
a  certain  amount  of  deniyelination  resulting  (Greenfield).  The  brain 
substance  is  paler,  moister  and  of  rather  diminished  consistence, 
and,  when  the  circulatory  disturbance  is  more  marked,  it  merges  into 
the  condition  of  anaemic  softening.  A  true  inflammatory  oedemi  may 
occur  by  diffusion  of  toxins  from  some  infl am matory  focus  e  <>•  •! 
cerebral  abscess.  '  >  ■&•  < 

A  condition  often  met  with  and  of  some  importance  in  the  examina¬ 
tion  of  the  brain  is  flattening  of  cmvohdions.  Any  gross  lesion  in  the 
ventricles  or  in  the  brain  substance  tending  to 'add  to  the  cranial 
contents  can  do  so  only  by  displacing  the  cerebro -spinal  fluid.  The 
convolutions  are  pushed  out  and  flattened  against  the  bone,  and  thus 
the  sulci  become  narrowed  and  fissure-like;  at  the  same  time  the 
brain  substance  appears  drier  as  the  fluid  is  pressed  out  of  the  peri¬ 
vascular  spaces.  Flattening  of  the  convolutions  is  thus  scmui  in  such 
conditions  as  hydrocephalus,  cerebral  hsemorrhage,  tumour  growth,  etc. 
A  condition  often  associated  with  flattening  of  the  convolutions  is 
the  formation  of  what  is  known  as  a  ‘  cerebellar  cone.’  It  is  due  to  the 
medulla  and  adjacent  tissue  of  the  cerebellum  being  pushed  down¬ 
wards  into  the  foramen  magnum,  a  cone-like  structure  being  formed 
by  moulding  from  pressure.  When  fully  formed  it  will  interfere  with 
the  passage  of  the  eerebro-spinal  fluid  downwards  to  the  spinal  canal 
and  tend  to  increase  the  intra-cranial  pressure.  It  is  important  to 
note  that  when  there  is  a  tendency  to  this  condition  the  sudden 
withdrawal  of  eerebro-spinal  fluid  may  aggravate  it,  and  death  from 
pressure  on  vital  medullary  centres  may  be  precipitated  by  injudicious 
lumbar  puncture. 

Cerebral  Haemorrhage 

Haemorrhage  into  the  brain  or  its  membranes  may  occur  in  the 
form  of  multiple  minute  foci,  and  is  then  of  importance  chiefly  as 
a  manifestation  of  the  disease  which  causes  it.  It  may  be  of  con¬ 
siderable  size,  the  result  of  the  sudden  bursting  of  an  artery,  and  may 
give  rise  to  serious  and  often  fatal  results,  generally  indicated  by  the 
term  ‘  apoplexy  ’ ;  though  closely  similar  symptoms  may  be  produced 
by  cerebral  softening.  ‘  ' 

Cerebral  haemorrhage  in  the  ordinary  sense,  which  leads  to  serious 
effects,  may  be  said  to  be  of  two  main  types.  In  the  first,  which 
is  the  commoner,  the  hcemorrhage  occurs  from,  and  is  the  result  of 
disease  of,  the  nutrient  vessels  which  penetrate  deeply.  In  the  second 
rt  IS  due  to  the  bursting  of  an  aneurysm  of  the  circle  of  Willis  or  its 
branches.  We  shall  consider  these  two  types  separately. 

(a)  Haemorrhage  from  a  nutrient  artery  is  the  common  form  in  the 
later  years  of  life,  giving  rise  to  apoplexy.  It  is  most  frequently 
the  result  of  arteriosclerosis  attended  by  high  blood  pressure, 
hypertrophy  of  the  left  ventricle,  fibrosis  of  the  kidneys,  etc.,  and 
m  these  circumstances  it  is  not  uncommon,  even  under  the  aae  of 
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fifty.  Haemorrhage  occurring  without  high  blood  pressure  is  met  with 
mainly  in  old  age,  and  is  the  result  of  extensive  atheroma  or  hyaline 
degeneration  in  the  minute  arteries.  Cerebral  haemorrhage  is  often 
described  as  being  due  to  the  bursting  of  a  miliary  aneurysm  (p.  318), 
but,  whilst  this  may  sometimes  be  the  case,  our  experience  is  that 
in  most  instances  no  aneurysms  can  be  found.  It  is  further  to  be 
noted  that  many  of  the  small  swellings  to  be  found  on  the  arteries 
in  the  region  of  a  haemorrhage  are  due  simply  to  small  extravasations 
of  blood  in  the  walls  of  the  arteries  or  in  their  perivascular  spaces — 
dissecting  or  false  aneurysms. 

By  far  the  commonest  site  of  this  t3rpe  of  cerebral  haemorrhage 
is  the  region  of  the  basal  gangha  ;  the  pons  comes  next  in  order 
of  frequency,  whilst  haemorrhage  into  the  superficial  parts  of  the  brain, 
into  the  crura,  medulla,  and  cerebellum,  is  relatively  rare.  The  so- 
called  ventricular  haemorrhage  is  usually  due,  as  can  he  found  on 
careful  examination,  to  rupture  from  an  adjacent  haemorrhage  in 
the  substance,  most  frequently  in  the  head  of  the  caudate  nucleus  or 
in  the  thalamus.  Haemorrhage  in  the  basal  gangha  usually  occurs 
from  the  lenticulo-striate  arteries,  which  are  branches  of  the  middle 
cerebral  and  thus  on  the  direct  fine  of  blood  flow  from  the  carotid  ; 
they  enter  at  the  anterior  perforated  spot,  pass  upwards  in  the 
external  capsule  and  then  curve  inward  through  the  lenticulate 
nucleus  and  internal  capsule.  Charcot  apphed  the  term  ‘  artery  of 
cerebral  haemorrhage  ’  to  the  lenticulo-striate  artery,  though  there 
are  several  arteries  to  which  the 
former  term  is  applicable. 

Haemorrhage  is  not  uncommon 
from  the  lenticulo-optic  and  other 
branches  in  the  optic  thalamus 
and  adjacent  parts. 

When  haemorrhage  occurs,  the 
effused  blood  forms  a  large 
oval  blood  clot,  which  may 
measure  two  or  three  inches  in 
long  axis  (Fig.  424).  It  tears 
up  and  destroys  the  structures 
around,  and  at  the  margin  there 
are  often  secondary  small  hae¬ 
morrhages,  the  result  of  lacera¬ 
tion.  When  a  haemorrhage  bursts 
into  the  lateral  ventricles  they 
become  distended  with  blood, 
the  ventricle  on  the  same  side 
as  the  haemorrhage  usually  to  a 
greater  extent,  and  the  blood 
passes  down  the  aqueduct  of 
Sylvius  and  through  the  foramina  in  the  roof  of  the  fourth  ven- 


Fig.  424. — 'Large  recent  haemorrhage 
on  the  left  side  which  has  ruptured 
into  the  lateral  ventricle,  x  J. 
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mo.  415. — Hoginorrhage  into  i)ons  Varolii. 


tricle.  Sometimes  some  laceration  Mdth  secondary  hasmorrhaee  rnav 
be  present  around  the  aqueduct.  The  l)lood  then  reaches  tL‘,  suh- 
,  arachnoid  space  and 

there  spread 

;  widely  over  the  struc- 

/  !'  ,  .  ''  tures  at  tlie  base  of 

\  h'  V'-  the  brain  ;  it  may  also 

Wk  \  i7  "  irti  .  -  i  \  pass  downwards  over 

"  '  "''W  "Jl-  '  \  the  spinal  cord. 

'  Occasionally,  though 

'’hage  in  the  substance 
;|  “  may  break  through 

directly  to  the  surface 
brain. 

W  At  a  post-mortem 

rr  ,  .  examinationinacaseof 

Fia.  4-., .-Hemorrhage  into  pons  Varolii.  x  i'.  large  cerebral  hmmor- 

„„„  „„  ,  ,  „  ,  ,,  rhage,thecon volutions 

ate  seen  to  be  flattened  and  dry  in  appearance  from  the  pressure  and 
tins  IS  often  more  marked  over  the  alfocited  hemisphere,  which  may 
bulge  somewhat.  Haemorrhage  into  the  pons  maybe  of  considerable 
size  and  cause  distinct  enlargement ;  tlu^  elFusi'd  lilood  is  often  broken 

lip  by  the  transverse  fibres.  ()(3casi()iially  riij)iarr(^  iniiO  the  fourth 
ventricle  follows  (Fig.  425). 

In  a  recent  cerebral  hemorrhage,  the  blood  forms  an  ordinary 
a!  retains  this  apjearance  for  several  days. 

At  the  end  of  about  a  week  it  comes  to  have  a  brownish  colour 

at  tie  periphery,  and  this  change  in  colour  extends  and  becomes 
more  marked  as  time  goes  on.  The  clot  becomes  softened  at  the 
margin  and  is  thus  surrounded  with  a  brown  fluid,  while  neu- 
roghal  proliferation  leads  to  the  formation  of  a  capsule.  Ultimately 
tie  clot,  as  suci,  disappears  and  fluid  remains,  whici  gradually 
becomes  paler  m  colour.  The  ultimate  result  is  the  so-called  apo¬ 
plectic  cyst,  which  has  a  pigmented  wall  owing  to  the  presence 
of  hEematoidin  and  hsemosiderin  in  the  tissue;  the  contents  may 
.ultimately  iaye  merely  a  yellow  colour  (Pig.  42(1 ).  If  the  hsemor- 

r  age  be  relatively  small,  it  may  be  entirely  replaced  by  proliferated 
neuroglia,  which  contracts  and  forms  a  cicatrix,  usually  of  orange 
Iona  plrfods^^'^^’  which  liiEmatoidin  crystals  may  persist  for  very 

■  lu  added  that  haemorrhage  on  the  surface  of  the  brain 

m  tie  form  of  multiple  irregular  patcies  may  be  produced  by 

described  ^  superior  longitudinal  sinus,  as  will  presently  be 

_  In  a  case  of  cerebral  haemorrhage,  it  is  not  uncommon  to  find  in 
tie  unaffected  basal  ganglia  evidence  of  previous  haemorrhages  in 


THE  BEAIN  711 

the  form  of  small  spaces  containing  brownish  fluid.  Small  softenings 
also  may  be  met  with  as  the  result  of  the  arterial  disease  (p.  713). 

The  ejfects  of  cerebral  hemorrhage 
may  be  said  to  be  both  focal  and 
general  in  character.  The  former 
effects  are  produced  by  the  actual 
destruction  of  cells  and  fibres,  and 
are  of  the  nature  of  paralysis  and 
permanent  loss  of  function.  Pressure 
of  the  effused  blood  on  the  surround¬ 
ing  tissue,  however,  may  cause 
symptoms  either  of  paralysis  or  of 
irritation  ;  and  these  may  be  re¬ 
covered  from  when  the  pressure 
diminishes.  A  large  haemorrhage  in 
the  interior  of  the  brain  will  cause 
in  addition  a  general  compression 
of  the  brain  substance  outwards,  as 
is  shown  by  the  flattening  of  the 
convolutions,  and  will  thus  lead  to 
coma,  which  is  usually  fatal. 

(b)  When  the  haemorrhage  is 
from  the  circle  of  Willis  or  one  of 
its  branches,  a  ruptured  aneurysm 
can  usually  be  found,  though  not 
always.  The  characters  and  con¬ 
ditions  of  occurrence  of  aneurysms 
in  this  situation  have  already  been  discussed  ;  it  is  sufficient  to  recall 
that  these  may  be  met  with  at  an  early  period  of  life  quite  apart 
from  any  general  arterial  disease,  and  are  now  generally  known  as 
congenital  aneurysms  though  it  is  to  be  noted  that  only  the  vascular 
defect  is  congenital,  and  the  resulting  aneurysm  develops  gradually 
as  age  advances.  The  aneurysm  may  be  in  any  position  ;  perhaps 
the  commonest  sites  are  on  the  anterior  communicating  artery  and  at 
the  origin  of  the  middle  cerebrals,  but  we  have  seen  aneurysms  of 
this  type  on  the  basilar  artery,  and  on  branches  of  the  anterior  cerebral 
overlying  the  corjaus  callosum  and  high  on  the  frontal  lobe.  In  rare 
cases  infective  embolism  or  atheroma  may  so  damage  the  cerebral 
arteries  that  aneurysm  results,  but  these  causes  are  quite  unimportant. 
In  nearly  all  cases  of  rupture  of  an  aneurysm  of  the  circle  of  Willis 
or  a  branch  there  is  sub-arachnoid  haemorrhage,  which  is  often  dijause 
and  extensive  ;  the  aneurysm  is  then  to  be  looked  for  where  the 
haemorrhage  is  thickest.  Sometimes  the  aneurysmal  sac  lies  almost 
buried  in  the  cerebral  substance  and  rupture  is  then  attended  by 
haemorrhage  into  the  adjacent  part  of  the  brain  substance  through 
which  it  may  track  into  the  ventricular  system.  Such  an  occurrence 
may  simulate  an  ordinary  apoplectic  haemorrhage,  but  the  absence  of 


left  side  of  brain. 


The  cyst  involves  chiefly  the  external 
capsule  and  the  outer  part  of  the  lentiform 
nucleus,  x  I. 
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signs  of  hypertension  is  significant.  Leakage  of  blood  ft-otn  a  oerebnl 
aneurysm  is  not  invariably  &tal,  and  the  lesion  ma,v  beeonu-  (ibrosw 
and  healed  by  organisation  of  the  clot.  In  ,na,n,v  (.„ses,  hou.over 
a  further  liieinon-hage  take's  pkuje  and  proves  I'a.ta.l,  a.nd  post-uiortoin 
examination  r(evea,ls  (evideiUiO  of  jirevions  leakage  in  tlu^  presence  of 
altered  blood  pigment  in  the  adjacent  pia-a, ravin loid.  ’  ' 

Multiple  small  lie&rmrrliages  are  met  with  chiefly  in  certain  blood 
diseases  and  in  severe  infective  conditions  ;  examples  of  the  first 
are  pernicious  anemia,  purpura,  scurvy,  loukicmia,  and  of  the  second 
septicinmia,  typhus,  smallpox,  etc.  d'lu-y  also  occur  in.  caisson  disea, se 
(p.  767)  and  in  fat  embolism  (p.  33),  in  tnuimatic  a,sphi'.xia,,  a,nd  in 
vaiious  disorders  such  as  Wernicke’s  enceplndopathv  (p  ’701)  lia'inor 
rhagic  encephalitis  (p.  726)  and  polyarteritis.  Tluy  are  usually  in  the 
form  of  petechiae,  though  sometimes  they  are  hirgi'r,  ami  occur  ('specially 
m  the  soft  membranes.  In  leukiemia,  haemorrhages  of  considerable 
size,  single  or  multiple,  occasionally  occur  in  the  brain  substance 
and  are  apparently  the  result  of  the  formation  of  leucocyte  thrombi 
m  the  vessels.  In  most  cases  of  infections  the  haemorrhages  are  the 
result  of  toxic  action  on  the  capillary  walls,  but  sometimes  organisms 
are  present.  In  scime  cases  of  very  acute  staphylococcus  infection 
for  example,  capillaries  plugged  with  cocci  may  be  found  in  the 
haemorrhagic  spots  in  the  brain  substance.  Haemorrhage  may  also 
be  a  concomitant  of  meningitis,  and  diffuse  haemorrhago  in  the  sub- 
aracbnoici  space  is  a  prominent  feature  of  meningitis  caused  by  the 
anthrax  bacillus. 

Arterial  Obstruction— Cerebral  Softening 

in  fi  ?  cerebral  softening 

m  the  part  which  the  collateral  circulation  is  unable  to  supply  with 

when  the  bloo(i  supply  is  d^mmishd  by  narrowing  of  the  lumen  of 
all  arterial  twigs,  but  to  a  degree  insufficient  to  cause  visible 
softenmg.  In  this  case  there  may  occur  degeneration  or  necrosis  of 
he  nervous  tissue,  while  the  neuroglia  retains  its  vitality.  The 
degenerated  remains  of  nerve  cells  and  fibres  become  absorted,  and 
results'*  overgrowth  of  the  neuroglia,  so  that  a  patcli  of  sclerosis 

analogous  to  the  starvation  atrophy 
mth  fibrosis  which  occurs  as  the  result  of  arterial  narrowing  in  the 

Produced 

commoJ  ^^  1  prominent  feature  in  senile  dementia,  and  they  are 

disease,  especially  in  old  people. 
Complete  obstruction  of  arteries  in  the  brain  is  usually  produced 

comZnS  Md”  tlmombosis  occurring  locally,  the  latter  being 
commoner  and  mvolvmg  vessels  of  all  sizes  and  sites  ;  it  may  result 

S  “1.*'^"“'.*’^  fro”  “JPtilitio  or  tabicvaooa 
being  of  white,  red,  or  yellow  variety.  As  a  rule,  a  recent  softening  is 
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of  the  pale  or  anemic  type,  but  in  some  instances  it  is  red,  this  latter 
appearance  being  due  to  numerous  minute  haemorrhages  into  the 
softened  tissue  (Fig.  427).  The  area  has  then  usually  a  dappled 
appearance,  and  can  thus  be  distinguished  from  the  uniform  clot 
of  ordinary  cerebral  haemorrhage.  It  is  difficult  to  explain  why 
softening  should  sometimes  be  of  this  red  variety,  but  in  some  cases, 
if  arterial  obstruction  is  incomplete,  a  raised  blood  pressure  may 
succeed  in  filling  the  vessels  without  maintaining  the  circulation 
through  them,  a  haemorrhagic  infarct  (red  softening)  then  resulting. 
Old  softenings  may  have  a  yellowish  colour  due  to  alteration  in  any 
blood  which  may  be  present. 


The  commonest  site  of  embolism  is  a  middle  cerebral  artery 
and  the  left  is  more  frequently 
plugged  than  the  right ;  it  is 
generally  supposed  that  this  is 
because  the  left  carotid  is  more 
directly  in  the  fine  of  the  blood 
stream  in  the  aorta.  Embolism  of 
other  cerebral  arteries  also  occurs, 
but  is  much  less  frequent  than  that 
of  the  middle  cerebrals.  The  em¬ 
bolus  usually  comes  from  vegetations 
on  the  mitral  or  aortic  cusps,  some¬ 
times  from  a  thrombus  in  the  left 
auricle  or  ventricle  or  in  the  aortic 
arch,  and  occasionally  as  material 
separated  by  ulceration  from  an 
atheromatous  patch.  When  a  middle 
cerebral  is  completely  blocked, 
softening  does  not  occur  in  the 
whole  anatomical  area  supplied  by 
the  vessel,  as  certain  parts  are 
sufficiently  nourished  by  the  coUateral  circulation.  The  internal 
parts  suffer  most,  and  there  is  usually  softening  to  a  ■varying  degree 
in  the  internal  capsule,  lentiform  nucleus,  external  capsule,  claustrum, 
and  anterior  part  of  the  thalamus  (Fig.  428).  The  superficial 
softening,  which^  varies  greatly  in  extent,  is  most  marked  around 
the  island  of  Reil  and  the  fissure  of  Rolando,  but  in  cases  ■where 
the  collateral  circulation  is  interfered  with  by  arterial  disease,  or  by 
weak  heart  action,  the  softening  of  the  cortex  may  be  more  exten¬ 
sive.  When  the,  obstruction  does  not  involve  all  the  branches  of 
th^e  middle  cerebral,  the  area  of  softening  will  vary  accordingly. 

It  may  be  added  that,  whilst  under  normal  conditions  interruption' 
of  the  blood  supply  through  one  internal  carotid  leads  to  no  serious 
disturbance  owing  to  the  collateral  anastamosis  through  the  circle 
of  Willis,  extensive  softening  may  result  when  there  is  marked  arterial 
disease  or  where  the  circulation  is  imperfect.  Under  these  conditions 


Fig.^427. — ^Red  softening  of  head 
of  left  caudate  nucleus  and  of 
the  parts  behind,  x 

Note  the  scattered  hsemorrhages  in  the 
softened  area. 


A 
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thrombosis  or  embolism  of  the  internal  carotid  may  lead  to  a  varying 
amount  of  softening,  especially  in  the  region  of  distribution  of  the 
middle  cerebral  artery;  and,  of  course,  a  similar  result  may  follow 
when  either  that  vessel  or  the  common  carotid  is  ligatured  in  older 

subjects. 

Stetjctxjral  Changes.  When  the  brain  is  examined  a  short 

time  after  the  plugging  has  occurred,  little  change  may  be  visible. 


^e  smface  of  the  affected  part  is  often  rather  more  congested  than 
that  of  the  rest  of  the  brain,  owing  to  collateral  hypermmia,  but  this 
soon  passes  off.  Occasionally  the  part  is  a  Httle  swollen,  owing  to 
shght  oedema.  Soon,  however,  softening  occurs  and  this  at  the  earliest 
stage  M  best  demonstrated  by  running  a  stream  of  water  over  the 
cut  surface,  when  the  affected  tissue  shows  a  tendency  to  disintegrate. 
In  two  or  three  days  the  part  has  become  distinctly  softened ;  it  is 
pulpy  the  anatomical  markings  are  lost,  and  it  gradually  comes  to 
resemble  a  thick  whitish  emulsion.  When  this  is  examined  micro- 
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scopically,  it  is  found  to  contain  a  great  many  granules  and  fatty 
globules,  degenerated  remains  of  cells  and  fibres,  whilst  a  prominent 
feature  is  the  presence  of  ^  compound  granular  corpuscles  ’  with  fatty 
globules  in  their  interior  (Fig.  429a).  These  are  mesoghal  cells  which 
become  enlarged  and  act  as  phagocytes.  At  a  later  period  the  fluid 
gradually  becomes  less  turbid,  whilst  the  neurogha  at  the  margin  of 
the  area  proliferates  and  forms  a  capsule.  The  final  result  may  be 
a  space  or  '  cyst  ’  containing  clear  fluid,  limited  by  a  fairly  definite 
wall  and  sometimes  broken  up  by  septa  (Fig.  4296).  In  the  case  of 
an  old  cortical  softening  the  soft  membranes  are  somewhat  thickened 
and  opaque,  and  underneath  there  is  usually  an  adherent  layer  of 
brownish-yellow  brain  tissue,  degenerated  but  not  completely  softened. 


Fig.  429a.  Fig.  4296. 

Margin  of  cerebral  softening  (a)  showing  characters  of  ‘  compound  granular 
corpuscles  ’ — enlarged  mesoglia  cells  ( x  250) ;  (6)  at  a  later  stage,  stained  to 
show  thickened  neuroglia  with  spaces  containing  fluid  between  ( X  80).  (A.  C.  L.) 

Below  this,  again,  strands  of  thickened  neurogha  may  extend  into  a 
cohection  of  fluid. 

An  important  result  of  softening  is  inevitably  the  WaUerian  de¬ 
generation  in  the  nerve  fibres  which  have  been  interrupted  in  their 
course,  or  of  which  the  corresponding  neurons  have  been  destroyed 
by  the  lesion.  When  motor  fibres  have  been  interrupted  in  the  internal 
capsule,  there  occurs  a  secondary  degeneration  in  their  corresponding 
neurons,  the  large  pyramidal  or  Betz  cells  of  the  cortex  (p.  698). 
It  is  mainly  to  old  softening,  involving  the  internal  capsule,  that 
long-standing  hemiplegia  is  due,  since  in  cases  where  a  haemorrhage 
has  been  of  sufficient  size  to  produce  the  interruption,  death  usually 
occurs  within  a  relatively  short  time.  The  descending  degeneration 
in  the  motor  tracts  is  followed  by  absorption  of  the  myelin  and  over- 
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growth  of  the  neuroglia,  and  can  then  be  readily  followed  by  the 
Weigert-Pal  method.  The  degeneration  of  the  pyramidal  fibres  is 
seen  in  the  middle  of  the  anterior  part  of  the  crus  ;  in  the  pons  the 
degenerated  fibres  are  broken  up  into  bundles  by  the  transverse  fibres, 
while  in  the  medulla  the  anterior  pyramid  is  degenerated.  When 
later  there  is  shrinking  of  the  sclerosed  parts,  distinct  asymmetry 
may  result ;  this  is  especially  noticeable  in  the  medulla,  where  the 
affected  pyramid  is  shrunken  and  grey  in  appearance.  In  the  cord, 
both  the  crossed  pyramidal  tract  on  the  other  side  and  the  direct 
pyramidal  are  affected  to  their  lower  terminations  in  the  anterior 
cornua. 

Softening  resulting  from  thrombosis  may  affect  practically  any 
part  of  the  brain  ;  but  the  middle  and  posterior  cerebrals,  basilar,  or 


Fm.  430.— Cerebral  artery,  showing  organisation  of  old  thrombus,  suporiinposed 

on  sever©  atheroma,  x  30. 

their  branches,  are  common  sites  of  obstruction  from  this  cause. 
When  the  basilar  is  thrombosed,  softening  occurs  in  the  pons  and 
cerebellum,  and  one  half  may  be  more  affected  than  the  other ;  as 
a  result,  as  shown  by  Marchi’s  method,  the  pyramidal  tracts  of  the 
two  sides  are  unequally  involved.  In  syphilitic  disease,  a  certain 
amount  of  softening  is  common  in  the  superficial  parts  of  the  brain 
and  cord,  as  the  result  of  arterial  changes  in  the  meninges  (p.  735). 
In  cases  of  arteriosclerosis,  it  is  not  uncommon  to  find  in  the  basal 
ganglia  multiple  minute  spaces  resulting  from  softening  (small  hsemor- 
rhages  in  this  region  may  also  produce  small  cavities,  but  in  this 
case  the  contained  fluid  has  a  brownish  tint  from  the  altered  blood). 
Areas  of  softening  from  arterial  thrombosis  occur  also  in  the  cortex, 
and  vary  greatly  in  extent  and  shape. 

Venous  Obstruction.  The  most  important  form  of  this  occurs 
as  a  result  of  thrombosis  in  one  of  the  sinuses,  and  two  forms  of 
thrombosis  are  usually  distinguished,  the  marantic  m.d  the  infective : 
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the  latter  is  often  attended  by  suppuration  within  the  sinus.  Marantic 
thrombosis  is  most  frequent  in  poorly  nourished  children  during  the 
course  of  acute  infections,  e.g.  gastro-enteritis  ;  but  it  is  sometimes 
met  with  in  adults  in  conditions  of  cachexia,  or  as  a  complication  of 
infective  fevers  with  exhaustion,  or  in  chlorosis.  In  the  production  of 
thrombosis,  impaired  nourishment  of  the  intima  and  sluggish  circula¬ 
tion  no  doubt  play  a  part,  but  it  is  possible  that  in  some  cases  the 
process  is  started  by  organisms  of  mdd  virulence.  The  commonest 
site  is  the  superior  longitudinal  sinus,  and,  when  obstruction  is 
complete,  intense  engorgement  of  the  superficial  veins  occurs,  often 
followed  by  irregular  hsemorrhages  on  the  surface  of  the  brain.  In 
cases  of  thrombosis  of  the  straight  sinus,  similar  haemorrhagic  areas 
are  present  in  the  walls  of  the  third  ventricle.  Infective  thrombosis 
is  the  result  of  direct  spread  of  organisms  from  an  inflammatory  or 
suppurative  condition  in  the  neighbourhood.  This  is  of  common 
occurrence  in  the  sigmoid  sinus  in  cases  of  middle  ear  disease,  although 
other  sinuses  may  be  affected  in  septic  inflammations  of  bones,  and 
cavernous  sinus  thrombosis  may  follow  septic  lesions  on  the  face, 
especially  about  the  nose  and  eye,  by  implication  of  the  angular  vein. 
Acute  meningitis  or  cerebral  abscess  may  often  follow,  as  is  described 
more  fully  below. 

Hydrocephalus 

The  term  hydrocephalus  is  generally  used  as  meaning  hydro- 
cejphalus  internus,  a  condition  in  which  the  ventricles  are  distended 
with  fluid.  {Hydrocephalus  externus  an  accumulation  of  fluid  under 
the  arachnoid,  where  there  is  a  local  atrophy  of  the  brain  or  other  ab¬ 
normality.  This  term  is  now  little  used.)  Distension  of  the  ventricles 
occurs  in  two  distinct  forms,  viz.  acquired  hydrocephalus,  where  the 
accumulation  is  due  to  recognisable  gross  lesions,  and  congenital  hydro- 
cephalus,  the  pathology  of  which  is  now  much  clarified.  Before 
considering  these  conditions  it  will  be  convenient  to  review  some 
points  with  regard  to  the  cerebro-spinal  fluid. 

Source  and  Circulation  of  Cerebro-spinal  Fluid.  The  source 
of  cerebro-spinal  fluid  is  now  known  to  be  the  choroid  plexuses  of  the 
ventricles.  This  has  been  demonstrated  in  a  striking  manner  by 
the  experiments  of  Dandy,  who  produced  obstruction  to  the  foramen 
of  Monro  on  one  side  in  the  dog  and  found  that  dilatation  of  the 
corresponding  lateral  ventricle  occurred  ;  on  the  other  hand,  when  in 
addition  to  the  production  of  obstruction  the  choroid  plexus  was 
rerpLOved,  the  ventricle  became  coUapsed  and  smaller  than  that  on  the 
other  side.  It  is  thus  shown  that  the  fluid  is  formed  by  the  plexuses 
and  not  by  the  ependyma  lining  the  ventricles.  Cerebro-spinal  fluid 
is  constantly  being  formed  and  it  has  been  calculated  that  in  the 
normal  state  it  is  renewed  several  times  a  day.  When,  however,  there 
is  a  free  outlet  to  its  escape,  e.g.  a  compound  fracture  involving  the 
ethmoid  cells,  the  amount  formed  may  be  enormous.  The  mechanism 
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of  production  is  now  accepted  to  be  by  secretion,  and  the  all-important 
fact  is  that  when  there  is  an  obstruction  to  outflow,  the  formation  of 
fluid  is  not  arrested  but  continues  and  leads  to  distension  of  the 
ventricles.  The  fluid  formed  in  the  lateral  ventricles  passes  by  the 
foramen  of  Monro  to  the  third  ventricle  and  then  by  the  a<|neduct  of 
Sylvius  to  the  fourth  ventricle,  being  added  to  by  the  choroid  ])lexuses 
on  its  way.  From  tlie  fourth  ventricle  it  passes  through  the  foramina 
of  Magendie  and  .Luschka  and  thus  reaches  the  subarachnoid  space 
of  the  cisterna  magna  ;  it  then  passes  to  the  cisterns  at  the  base  of 
the  brain  and  thence  spreads  through  the  meshwork  of  the  arachnoid 
all  over  the  surface  of  the  brain  and  spinal  cord .  The  path  of  absorp¬ 
tion  is  by  means  of  the  Pacchionian  bodies  and  smaller  arachnoid 
villi  which  project  into  the  venous  sinuses  (Fig.  472)  ;  accordingly 
the  site  of  a  large  proportion  of  the  absorption  is  the  surface  of  the 
hemispheres,  the  amount  absorbed  from  the  spinal  arachnoid  being 
comparatively  small,  probably  not  more  than  one-fifth.  ' 

There  is  thus  a  constant  circulation  of  cerebro-spinal  fluid  from 
the  ventricles  to  the  surface  of  the  hemispheres,  and  serious  obstruc¬ 
tion  at  any  point  along  the  path  of  flow  will  give  rise  to  hydrocephalus. 
It  has  long  been  recognised  that  common  sites  of  obstruction  are  (a) 
the  aqueduct  of  Sylvius  and  (6)  the  communications  in  the  roof  of  the 
fourth  ventricle  between  the  latter  and  the  subarachnoid  space .  There 
is,  however,  another  site  of  obstruction,  viz.  (c)  the  base  of  the  brain. 
It  was  shown  by  Ha-ndy  that  obstruction  nuiy  result  from  inflam¬ 
matory  change  involving  the  cisterns  at  the  bi'usci  of  brain.  He 
demonstrated  this  by  placing  a  strip  of  gauze  sosikcvl  in  iodint^  j'oiind 
the  biain  stalk  just  above  the  tentorium  ;  the  j’c'sulting  inllaunna- 
tion  produced  thickening  and  a  considerable  amount  of  obliteration 
of  the  subarachnoid  space,  and  thus  hydrocephalus  followed.  He 
accordingly  gave  the  name  non-communicating  hydrocephalus  to  the 
type  where  the  fluid  is  prevented  by  obstruction  (as  in  (a)  and  (l>) ) 
from  passing  from  the  lateral  veirtricles  to  the  subarachnoid  space, 
and  communicating  hydrocephalus  to  the  type  (c)  where  there  is  no 
such  obstruction,  the  interference  with  flow  being  at  the  base  of  the 
brain.  The  two  types  of  hydrocephalus  may  be  distinguished  by 
methods  which  can  be  applied  during  life.  If  an  inert  coloured  fluid 
such  as  indigo  carmine  is  injected  into  the  lateral  ventricles  in  the 
communicating  type  of  hydrocephalus,  it  can  soon  be  found  in  the 
fluid  obtained  by  lumbar  puncture ;  whereas,  of  course,  it  does  not 
appear  in  the  non- communicating  type.  The  site  of  the  obstruction 
in  cases  of  hydrocephalus  has  been  investigated  also  by  cerebral  pneumo¬ 
graphy.  In  this  method  a  considerable  quantity  of  cerebro-spinal 
fluid  (60-80  ml.)  is  removed  by  lumbar  puncture,  and  air  is  injected 
to  take  its  place.  The  air  extends  wherever  there  is  free  communica¬ 
tion,  this,  of  course,  being  aided  by  the  position  of  the  body,  and  can 
e  seen  as  dark  areas  in  an  X-ray  negative.  In  the  communicating 
ype  of  hydrocephalus  the  air  passes  into  the  ventricles  but  is  arrested 
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at  the  base  of  the  brain,  at  the  cisterns  or  beyond  them,  and  does  not 
spread  over  the  hemispheres.  In  the  non- communicating  form  the 
air  is  arrested  at  the  roof  of  the  fourth  ventricle  or  at  the  aqueduct, 
according  to  the  site  of  the  obstruction  ;  on  the  other  hand  it  passes 
to  the  surface  of  the  hemispheres  and  can  be  seen  in  the  form  of  small 
bubbles  along  the  sulci.  The  absence  of  air  in  the  sulci  thus  indicates 
that  the  obstruction  is  in  the  subarachnoid  space  at  the  base  of  the 
brain. 

Acquired  Hydrocephalus  usually  occurs  as  a  result  of  mechanical 
interference  with  the  flow  of  cerebro -spinal  fluid  from  the  ventricular 
system  to  the  surface  of  the  brain.  The  hydrocephalus  accompanying 
inflammatory  conditions  involving  the  choroid  plexuses  and  ventricular 
lining,  e.g.  in  tuberculosis  and  cerebro-spinal  fever  {q,v.),  is  also  mainly 
due  to  mechanical  factors. 

Mechanical  obstruction  is  of  three  chief  kinds,  {a)  In  the  first 
place,  it  may  be  due  to  direct  pressure  on  the  aqueduct  of  Sylvius 
or  on  the  fourth  ventricle  by  a  tumour  or  tuberculous  mass.  In 
fact  it  is  one  of  the  most  important  effects  of  any  grovdh  below  the 
tentorium.  Pressure  may  be  exerted  also  on  the  vein  of  Galen  or 
straight  sinus,  and  the  resulting  venous  congestion  may  accentuate 
the  hydrocephalus.  (6)  In  the  second  place,  the  obstruction  may  be 
the  result  of  inflammatory  change  involving  the  cisterns  of  the  arach¬ 
noid  at  the  base  of  the  brain,  the  onward  passage  of  the  fluid  to  the 
surface  of  the  hemispheres  being  thus  blocked  or  interfered  with,  as 
already  explained.  This  occurs  at  an  early  stage  in  meningitis,  both 
purulent  and  tuberculous,  and  appears  to  be  a  fairly  common  cause, 
as  there  is  often  no  obstruction  in  the  roof  of  the  fourth  ventricle  to 
explain  the  hydrocephalus,  and  it  is  at  first  of  communicating  type, 
(c)  The  third  mode  of  obstruction  occurs  as  a  result  of  chronic  menin¬ 
gitis,  which  often  leads  to  thickening  and  adhesions  of  the  arachnoid 
around  the  fourth  ventricle  and  obliteration  of  the  foramina  in  its 
roof.  In  this  way  the  normal  path  of  flow  to  the  subarachnoid  space 
is  interfered  with.  Such  an  occurrence  is  common  in  the  later  stages 
of  chronic  tuberculous  meningitis,  and  sometimes  as  a  late  result  of 
acute  meningitis,  e.g.  in  cerebro-spinal  fever.  In  Dorothy  RusselFs 
series  this  constituted  the  most  frequent  form  of  chronic  hydrocephalus 
in  young  people.  Although  among  23  cases  only  four  gave  a  clear 
history  of  previous  meningitis,  nevertheless  there  are  good  reasons 
for  supposing  that  this  lesion  is  probably  the  result  of  meningeal 
reaction  in  infancy  to  infection  or  haemorrhage,  e.g.  from  birth  trauma. 
Such  cases  may  exhibit  pronomiced  granular  ependymitis,  and  Russell 
suggests  that  this  lesion  is  not  specific,  but  may  be  a  reaction  either 
to  mechanical  factors  or  to  infection.  In  all  cases  of  acquired  hydro¬ 
cephalus  the  lateral  venticles  and  third  ventricle  are  dilated  and  the 
floor  of  the  latter  may  be  so  ballooned  out  that  it  causes  pressure 
on  the  optic  chiasma.  The  fourth  ventricle  is  dilated  only  if  the 
obstruction  is  at  or  beyond  the  foramina.  In  all  cases  the  convolu- 
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tions  are  markedly  flattened  and  dry  in  appearance,  and  the  sulci 
are  narrowed.  The  functional  effect  is  the  production  of  symptoms 
of  cerebral  compression  in  varying  degree.  Anotlier  result  often  met 
with  is  that  the  medulla  and  tlie  adjacent  parts  of  the  (ierehcllum  are 
thrust  downwards  into  the  foramen  magnum,  producing  a  ‘  cerebellar 
cone  ’  (p.  708),  and  the  outward  flow  of  fluid  from  the  foramina  is 
thus  further  impeded  so  that  a  vicious  circle  is  set  up. 

Con^6nit3.1  Hydrocephalus .  This  condition  may  be  marked  at 
the  time  of  birth,  and  sometimes  to  such  a  degree  as  to  interfere  with 


Pio.  431.— Section  of  brain  in  congenital  hydrocephalus,  showing  enormous 

dilatation  of  the  lateral  ventricles,  x 

parturition.  In  other  cases  it  is  slight  at  birth  and  afterwards  increases. 
The  head  may  be  enormously  enlarged,  the  increase  being  chiefly  in 
the  antero-posterior  and  lateral  directions ;  it  becomes  more  quadran¬ 
gular  m  form,  the  vertex  being  somewhat  flattened.  The  frontal 
region  projects  over  the  orbits,  and  the  upper  walls  of  the  latter  are 
drawn  up  more  towards  a  vertical  plane.  The  sutures  are  greatly 
^dened,  and  the  fontanelles  much  enlarged;  and  ossification  of 
them  is  delayed  for  a  long  time.  There  is  a  corresponding  en- 
largement  of  the  bra.in,  and  the  convolutions  are  broadened  out 
and  flattened,  while  the  sulci  become  shallow.  The  accumulation 
in  the^  ventricles  of  fluid,  which,  is  clear  and  colourless,  is  often  in 
rernarkable  amount  and  the  lateral  ventricles  may  be  distended  to 
such  an  extent  that  only  about  a  centimetre  of  brain  substance 
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may  at  places  separate  them  from  the  surface  (Eig.  431).  The 
third  ventricle  also  is  dilated  as  a  rule,  but  relatively  to  a  less  degree. 
It  is  remarkable  how  the  brain  substance  adapts  itself  to  the  altered 
configuration  and  relations  5  and,  while  in  most  cases  there  is  inter¬ 
ference  with  the  mental  functions  and  idiocy  may  be  present,  in 
some  instances  the  child  may  be  wonderfully  intelligent  even  when 
the  hydrocephalus  is  marked. 

The  etiology  of  congenital  hydrocephalus  is  fairly  well  understood, 
and  recent  observations  show  that,  as  a  rule  at  least,  it  is  brought 
about  in  the  same  way  as  the  acquired  form.  The  application  of 
cerebral  pneumography  and  other  methods,  as  just  explained,  has 
demonstrated  that  the  condition  is  really  obstructive  in  nature,  and 
all  the  types  above  described  have  been  met  with.  In  some  cases 
there  is  marked  stenosis  of  the  aqueduct  due  to  malformation 
and  forking  of  the  lumen,  in  others  to  a  reactive  gliosis,  the  causation  of 
which  is  obscure  j  dilatation  of  the  lateral  and  third  ventricles  is  con¬ 
spicuous  in  both  groups  and  they  do  not  usually  survive  long.  Handy 
found  the  lesion  to  be  in  this  position  in  50  per  cent,  of  cases  of  con¬ 
genital  hydrocephalus.  In  others  the  foramina  of  Luschka  and 
Magendie  have  been  closed  apparently  as  the  result  of  defective 
formation  or,  rarely,  of  intra-uterine  infection  of  which  toxoplasmosis 
is  an  example ;  congenital  syphilis  is,  however,  only  very  rarely,  if 
ever,  responsible.  Foraminal  closure  leads  to  dilatation  of  the  fourth 
ventricle,  sometimes  to  a  great  degree,  and  the  distension  is  occasionally 
accompanied  by  abnormalities  in  the  adjacent  parts  of  the  cerebellum. 
In  others  again  there  has  been  thickening  of  the  pia-arachnoid  with 
obliteration  of  the  cisterns  at  the  base  or  of  the  subarachnoid  space 
beyond.  It  is  to  be  noted  that  congenital  hydrocephalus  is  not 
infrequently  associated  with  spina  bifida  and  many  of  the  more 
severe  cases  are  accompanied  by  malformation  of  the  cerebellum, 
medulla  and  fourth  ventricle,  described  by  Arnold  and  Chiari  (see 
p.  782)  and  recently  emphasised  by  Russell  and  Donald.  Spina  bifida 
may  result  from  the  distension  of  the  spinal  subarachnoid  space 
interfering  with  the  closing-in  of  the  spinal  canal  posteriorly. 


INFLAMMATORY  CHANGES 

Meningitis 

Pachymeningitis.  Acute  inflammation  of  the  dura  is  practi¬ 
cally  always  due  to  an  extension  of  septic  inflammation  from  the  bones 
of  the  skull.  It  is  met  with  most  frequently  as  a  result  of  chronic 
middle  ear  or  mastoid  disease,  occasionally  in  disease  of  the  nasal 
bones.  It  may  occur  also  as  a  result  of  compound  fracture,  as  can 
be  readily  understood.  When  pyogenic  organisms  spread  to  the 
dura  from  the  bone,  suppurative  inflammation  occurs  in  the  former, 
and  there  may  be  accumulation  of  pus  underneath  it.  Its  substance 
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becomes  swollen,  softened  and  infiltrated  with  pus,  and  is  often 
discoloured.  The  inner  aspect  of  the  dura  becomes  inflamed  and 
the  organisms  may  infect  the  arachnoid,  setting  up  either  localised 
or  general  leptomeningitis.  Further  effects,  such  as  the  produc¬ 
tion  of  cerebral  abscess,  are  described  below.  When  the  disease 
of  bone  is  of  chronic  nature  much  thickening  of  tlie  dura  in 
relation  to  it  may  occur.  The  dura  is  not  infrequently  the  site  of 
gummatous  lesions  in  syphilis  (p.  736),  but  it  is  rarely  affected  by 
tubercle  except  in  the  case  of  direct  spread,  for  example,  from  the 
petrous  bone  or  vertebral  column. 

(The  so-called  pachymeningitis  havrnorrhagica  has  already  been 
described  (p.  706)  ). 

Leptomeningitis.  This  condition  is  essentially  due  to  the 
spread  of  micro-organisms  in  the  subarachnoid  meshwork.  When 
the  organisms  reach  this  situation  they  set  up  an  inflammatory  change, 
and  thus  exudate  is  added  to  the  cerebro-spinal  fluid,  producing  a 
medium  in  which  they  can  multiply  freely.  Owing  to  the  wide  inter¬ 
communicating  system  beneath  the  arachnoid,  they  readily  spread, 
and  in  this  they  no  doubt  are  aided  by  the  normal  movements  of  the 
cerebro-spinal  fluid.  The  exudate  is  most  abundaiit  where  the  arach¬ 
noid  is  loosest,  and  thus  tends  to  accumulate  in  the  cisterns  at  the 
base  of  the  brain.  In  most  cases  the  exudate^  is  (‘.oulined  to  the  sub¬ 
arachnoid  space,  so  that  it  cannot  bo  scu'aped  off';  but  in  severe 
purulent  cases,  there  may  be  extension  to  the  siil)dural  space. 

Causes  and  Modes  of  Infection.  The  commonest  causes  of  lepto¬ 
meningitis  are  the  ordinary  pyococci,  pneumococcus,  meningococcus 
and  the  tubercle  bacillus  ;  less  frequent  causal  agents  are  bacilli  of 
the  coli-typhoid  group,  influenza  bacillus,  gonococcus,  anthrax  bacillus, 
streptothrices,  torute,  etc.  In  some  cases  the  bacilli  rciulx  the  lepto- 
meninges  from  an  adjacent  infection,  in  others  tlie  inibetion  is*  by 
means  of  the  blood  stream,  (a)  As  examples  of  tlu^.  Ibriner  may  be 
mentioned  septic  inflammations  of  the  bones  and  dura,,  whi(fli  'may 
result  from  compound  fractures  or  from  such,  (‘.ondifions  as  middle  car 
disease,  suppurative  infection  of  the  juisal  bomvs  or  of  t-lu^  frontal 
sinuses,  etc.  The  spread  may  take  placic  in  siulv  instaimx^s  directly 
through  the  dura  or  along  a  nerve,  e.g.  th(^  aaiditory  mnwe  in  middle 
ear  disease  ;  or  again  it  may  spread  along  an.  omc^.rgent  vein,  from  the 
bone  to  a  sinus  and  thence  to  the  meninges,  with,  or  without  tlie 
formation  of  abscess  in  the  brain.  In  young  childrcm,  jmeumocioeci 
may  spread  by  the  Eustachian  tube  to  the  middle  ca.r,  giving  rises  to 
acute  otitis  media,  and  thence  to  the  brain  ;  this  is  the  usual  sequence 
of  events  in  cases  of  pneumococcal  meningitis  in  early  life.  Infection 
may  occur  also  secondarily  to  disc^ase  of  the  ethmoidai  cells.  Pneumo¬ 
cocci  of  Group  IV  are  the  oixliuary  causal  agents.  It  may  be 
added  that  acute  leptomeningitis  is  sometimes  met  with  in  cases  of 
fracture  of  the  skull,  and  is  apparently  the  result  of  direct  extension 
from  the  sinuses  or  roof  of  the  pharynx  of  organisms  to  the  membranes. 
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Fig.  432. — Section  of  cerebral  cortex 
from  a  case  of  acute  meningitis  due 
to  pneumococcus,  showing  distension 
of  the  subarachnoid  space  with  poly- 
morpho -nuclear  leucocytes,  x  30. 
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(5)  Spread  by  means  of  the  blood  stream  is  seen  in  cases  of  sup¬ 
purative  inflammation  elsewhere,  in  septicemia,  bacterial  endocarditis 
pneumonia,  fevers,  etc.  In 
acute  staphylococcal  infec¬ 
tions,  for  example  in  suppura¬ 
tive  osteomyehtis,  the  infection 
of  the  meninges  sometimes 
occurs  from  a  small  abscess  in 
the  cerebral  cortex.  The  com¬ 
monest  causes  of  acute  lepto¬ 
meningitis  appearing  as  a 
primary  disease  are  the 
meningococcus  and  pneumo¬ 
coccus.  In  cerebro-spinal  fever, 
the  evidence  points  to  a 
passage  of  the  meningococci 
from  the  nasopharynx  to  the 
meninges  by  means  of  the 
blood  stream.  In  this  con¬ 
nection  it  is  of  considerable 
importance  that  there  are  cases 
of  meningococcal  septicaemia 
without  any  meningitis,  especi¬ 
ally  during  epidemics.  Further,  cases  of  primary  pneumococcal 
meningitis  in  the  adult  without  other  discoverable  lesion  are  met 
with,  and  here  also  the  infection  is  evidently  blood-borne.  It  may 
be  added  that  tuberculous  meningitis  may  be  relatively  acute  and 
may  appear  as  a  primary  condition. 

Structubal  Chakges.  As  already  stated,  the  exudate  occurs 
in  the  meshwork  of  the  arachnoid  and  tends  to  be  most  marked 
where  the  spaces  are  largest  (Fig.  432).  Thus  it  is  most  abundant 
along  the  sulci,  where  it  obscures  the  blood  vessels  to  a  varying  degree, 
and  at  the  base  of  the  brain,  where  it  accumulates  round  the  optic 
chiasma  and  in  adjacent  parts.  It  varies  markedly  in  character,  even 
in  the  same  type  of  infection.  There  may  be  merely  excess  of  fluid 
of  turbid  appearance  along  the  sulci,  the  exudate  may  be  abundant, 
yellowish  and  tough  owing  to  its  fibrinous  character,  or  again,  it  may 
be  distinctly  purulent  in  type.  Not  infrequently  the  ventricles  become 
implicated  and  contain  turbid  fluid,  whilst  a  varying  amount  of 
exudate  is  present  on  their  walls.  Internal  hydrocephalus  is  a  common 
result.  In  anthrax  infection  of  the  meninges,  the  exudate  is  serous 
and  contains  a  considerable  admixture  of  blood — in  fact  the  effused 
blood  may  be  so  abundant  as  to  simulate  diffuse  subarachnoid  haemor¬ 
rhage.  In  meningitis  due  to  the  yeast  Tor  iiZa  histolytica  the  exudate 
is  notably  gelatinous  in  character  and  in  it  the  infecting  organisms 
can  be  recognised  as  refractile  bodies  about  the  size  of  red  cells  sur¬ 
rounded  by  a  wide  capsule  giving  a  clear  zone  around  the  organisms. 


724  TEXT-BOOK  OF  PATHOLOGY 

In  all  varieties  of  cerebral  meningitis  the  S'pinal  meninges  become 
involved  in  a  variable  degree,  owing  to  the  direct  continuity  of  the 
cerebral  and  spinal  subarachnoid  spaces.  The  latter,  which  is  of  large 
size,  becomes  distendcvl  in  cases  of  meningitis,  and  when  lumbar 
puncture  is  made  for  purpo.ses  of  diagno,sis,  the  corebro-spinal  fluid 
is  often  found  to  be  under  considerable  pressure.  The  fluid  thus 
drawn  off  presents  varying  degrees  of  turbidity  up  to  a  distinctly 
purulent  condition,  and  on  microscopic  examination  in  acute  cases  is 
found  to  contain  chiefly  polymorpho-nuclear  leucocytes.  The  causal 
organisms  are  often  to  be  seen,  although  in  some  cases  they  can  be 
obtained  only  by  culture.  On  po.st-mortem  examination  the  appear¬ 
ances  of  the  cord  correspond  in  their  general  features  with  those 
described  above.  Fibrinous  or  purulent  exudation  when  present  is 
usually  most  abundant  over  the  posterior  aspect,  and  may  obscure 
the  vessels  to  a  considerable  extent. 

In  the  epidemic  form  of  meningitis. — cerebrospinal  fever — gi’eat 
variations  in  the  intensity  of  the  inflammation  are  met  with.  The 
exudate  may  be  abundant,  and  then  it  has  a  yellowish  and  almost 
purulent  appearance,  or  on  the  other  hand  it  may  be  only  a  turbid 
serous  fluid.  The  brain  and  cord  are  usually  both  affected,  though 
in  an  une(^ual  manner.  Occasionally  the  ventricles  of  the  brain  are 
chiefly  involved ;  their  walls  may  be  covered  by  copious  exudate, 
and  not  infrequently  hsemorrhages  are  present  in  them  and  in  the 
surrounding  brain  substance.  As  a  rule,  meningococci  can  bo  readily 
found  in  the  exudate  and  cerebro-spinal  fluid,  most  being  contained 
within  the  polymorpho-nuclear  leucocytes ;  in  some  cases,  however, 
especially  those  of  less  severe  degree,  they  are  very  scanty  and  may 
not  be  found  on  microscopic  examination.  In  this  typo  of  meningitis, 
extensive  phagocytosis  of  the  polymorpho-nuclear  leucocytes  by 
macrophages  is  often  a  striking  feature  in  the  exudate  in  the  mem¬ 
branes.  In  cases  which  are  not  fatal  within  a  .short  time  the  disease 
often  passes  into  subacute  and  chronic  stages,  and  then  important 
structural  changes  follow.  The  soft  membranes  become  thickened 
and  cedematous,  and  various  cranial  nerves  are  involved  so  that 
paralyses  result.  The  foramina  in  the  roof  of  the  fourth  ventricle 
become  implicated,  and  this,  along  with  obliteration  of  the  subarach¬ 
noid  space  at  places,  interferes  with  the  normal  flow  of  the  cerebro¬ 
spinal  fluid.  Thus  marked  hydrocephalus  resrdts  and  is  often  the 
cause  of  death.  Similar  chronic  changes  occur  in  the  spinal  meninges 
and  there  may  be  some  involvement  of  the  superficial  parts  of  the  cord 
as  well  as  the  roots  of  the  nerves. 

The  term  posterior  basal  meningitis  is  applied  to  a  variety  which 
was  formerly  not  uncommon  in  young  children.  The  acute  stage  is 
generally  mild  but  subacute  or  chronic  lesions  are  common ;  the 
changes  are  thickening  and  oedema  of  the  membranes  rather  than 
fabrmous  exudate.  As  the  name  implies,  the  parts  in  the  posterior 
fossa  are  specially  affected,  and  hydrocephalus  is  often  produced  by 
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implication  of  the  roof  of  the  fourth  ventricle.  The  causal  organism, 
which  is  usually  scanty  and  difficult  to  find,  has  the  microscopical 
and  cultural  characters  of  the  meningococcus,  and  is  probably  to  be 
regarded  as  a  variety  of  that  organism. 

Lymphocytic  Ghorio-meningitis,  etc.  This  seems  the  most  appropriate  name 
for  a  condition  which  has  been  recently  recognised  as  a  virus  infection.  It  is 
also  known  as  ^  serous  (or  aseptic)  meningitis.’  The  disease  chiefly  affects  children 
and  is  of  mild  nature  as  a  rule.  It  is  characterised  by  infiltration  of  the  meninges, 
ependyma  and  choroid  plexuses  with  lymphocytes,  and  there  is  a  mild  encephahtis! 
There  may  be  various  symptoms  of  spinal  irritation,  such  as  nuchal  rigidity  ; 
there  may  also  be  some  pyrexia.  The  cerebro -spinal  fluid  is  under  increased 
pressure  and  contains  an  increased  number  of  lymphocytes  with  shght  increase 
of  protein.^  The  infection  has  been  transmitted  to  monkeys  and  mice  and  can 
be  maintained  in  them  inde^itely  in  series,  the  latter  species  being  the  natural 
host.  ^  Immunological  reactions  show  that  it  is  distinct  from  other  virus 
infections.  The  mode  of  transmission  to  man  is  unknown.  Other  virus  infections 
of  the  central  nervous  system  (q.v.)  and  also  leptospirosis  may  sometimes  cause 
a  similar  form  of  meningitis. 


Encephalitis 

Acute  generalised  encephalitis  is  an  almost  invariable  accompani¬ 
ment  of  acute  bacterial  infections  of  the  meninges,  both  pyogenic 
and  tuberculous,  but  apart  from  this,  bacteria  are  not  an  important 
cause  of  encephalitis,  whereas  viruses  are  very  frequently  concerned. 
We  shall  consider  first  the  bacterial  infections  and  shall  deal  later  with 
the  virus  infections  of  the  nervous  system  as  a  whole. 

Acute  Bacterial  Encephalitis.  This  may  be  suppurative  or  non- 
character.  The  former  is  due  to  the  ordinary  pyogenic 
organisms  which  may  spread  from  some  lesion  in  the  vicinity,  or  may 
be  carried  to  the  brain  by  the  blood  stream ;  it  will  be  conveniently 
described  by  itself. 

No?i~suppuTcitiv6  Bfic^phcLlitis  likewise  may  result  from  extension 
of  inflammation,  usually  from  the  meninges,  or  by  blood  infection. 
With  regard  to  extension  from  acute  meningitis,  it  may  be  said  that 
the  superficial  parts  of  the  cortex  are  probably  always  affected  to 
some  extent,  and  in  this  way  S3niiptoms  of  cerebral  irritation  are 
produced.  The  degree  to  which  this  occurs,  however,  varies  greatly. 
In  some  cases  it  is  striking  how  little  leucocytic  infiltration  may  be  , 
present  along  the  blood  vessels ;  in  others  the  perivascular  spaces 
are  crowded  with  leucocytes  whiclx  may  extend  a  considerable  distance 
into  the  brain  substance,  whilst  exudate,  haemorrhage,  and  a  certain 
amount  of  cortical  softening  may  be  present.  In  tuberculous  menin¬ 
gitis  there  is  usually  marked  involvement  of  the  cortex,  many  of  the 
small  vessels  may  be  thrombosed  or  obKterated,  and  a  consider¬ 
able  amount  of  haemorrhage  and  softening  of  the  grey  matter  may 
result.  A  similar  statement  applies  to  lesions  of  the  spinal  cord. 

Softening  is  occasionally  met  with  for  a  considerable  distance 
around  a  cerebral  abscess,  and  is  produced  by  the  diffusion  of  toxins 


72(1 


TEXT-BOOK  OF  PATHOJ^OGY 


wliich  act  directly  on  the  brain  substance  and  cause  an  iiiflanimatory 
oedema.  (The  softening  which  occurs  around  gross  lesions  in  the 
brain  is  mainly  the  result  of  local  amumia  and  oedema  brought  about 
by  pressure,  tumours,  etc. ,  and  should  not  be  described  as  inflammatory, 
although  this  term  is  often  used.) 

A  form  of  acute  haemorrhagic  encephalitis,  in  which,  the  chief 
lesion  consists  in  multiple  minute  luemorrhages  throughout  the  brain 
substance,  has  occasionally  been  met  with  in  syphilitics  after  treat¬ 
ment  with  salvarsan  and  also  in  other  conditions.  Its  exact  nature 
is  obscure  ;  some  cases  are  probably  analogous  to  purpuric  manifesta- 
tions  elsewhere  and  are  not  truly  inflammatory,  but  some  belong  to 
the  acute  demyelinating  group  (p.  755). 

Cerebral  Abscess— Suppurative  Encephalitis.  As  in  the 
cases  of  other  organs,  infection  of  the  brain  by  pyogenic  organisms 
may  occur  by  direct  spread  from  lesions  in  the  vicinity,  or  it  may 
take  place  by  means  of  the  blood  stream. 

(1)  Dieect  Extension  of  Oeganisms.  This  is  seen  in  two 
main  conditions,  namely  :  (a)  pyogenic  infections  of  the  bones  of 
the  skull,  and  {b)  compound  fracture  with  sepsis.  Thus  chronic 
middle  ear  or  mastoid  disease,  and  corresponding  affections  of  the 
ethmoid  and  nasal  bones  and  frontal  sinuses,  may  lead  to  cerebral 
suppuration.  In  most  cases  direct  extension  can  be  traced.  The 
carious  process  reaches  the  dura  and  produces  a  local  pachymenin¬ 
gitis,  the  dura  becomes  swollen,  discoloured,  and  infiltrated  by  pus, 
^  and  there  is  often  accumulation  of  pus  between  it  and  the  bone ; 
this  is  termed  extra-dural  abscess.  The  inflammation  extends  to  the 
soft  membranes,  and  may  be  limited  by  adhesions,  or,  on  the  other 
hand,  a  diffuse  leptomeningitis  may  bo  set  up.  In.  tlic  former  case 
the  organisms  cause  a  superficial  destruction  of  the  cortex,  or  ulcer 
of  the  brain,  and  then  may  spread  deeply  into  the  brain  substance, 
where  an  abscess  of  considerable  size  may  be  produced,  often  of  chronic 
character.  A  closely  similar  sequence  of  events  occurs  following 
compound  fracture.  In  many  cases  of  hone  disease  the  abscess  is 
separated  from  the  surface  by  a  layer  of  healthy  brain  substance, 
and  no  path  of  infection  can  be  traced  with  the  naked  eye  ;  in  fact, 
sometimes  in  middle  ear  disease  the  caries  may  not  have  reached  the 
*  surface  of  the  hone.  In  such  cases  extension  takes  place  by  the  blood 
vessels,  "either  within  a  vein  or  by  the  perivascular  tissue.  In  con¬ 
nection  with  this  it  is  to  be  noted  that  the  emergent  veins  from  the 
bone  drain  into  a  venous  sinus,  into  which  the  veins  of  the  brain 
also  discharge,  and  in  this  way  a  path  of  infection  is  provided.  It 
is  of  course  evident  that  the  existence  of  septic  thrombus  in  the  par¬ 
ticular  sinus  will  aid  the  spread  of  infection,  but  an  isolated  cerebral 
abscess  often  occurs  apart  from  sinus  thrombosis. 

By  far  the  commonest  cause  of  cerebral  abscess  is  carious  disease 
of  the  middle  ear  and  mastoid  antrum,  and  the  commonest  sites  are 
the  temporo-sphenoidal  lobe  and  the  cerebellum,  the  former .  being 
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the  more  frequent.  If  the  middle  ear  disease  spreads  upwards  through 
the  tegmen  tympani,  and  reaches  the  anterior  surface  of  the  petrous, 
it  comes  into  relation  with  the  under  surface  of  the  temporo- 
sphenoidal  lobe,  and  thus  the  abscess  occurs  in  this  lobe  (Fig. 
433).  If  the  disease  has  spread  from  the  mastoid  antrum,  or  from 
the  middle  ear  to  the  posterior  aspect  of  the  petrous,  the  abscess 
occurs  in  the  cerebellum  ;  and  in  such  cases  the  sigmoid  sinus  often 
becomes  implicated  and  is  the  seat  of  thrombosis.  A  chronic  temporo- 
sphenoidal  abscess  may  be  of  considerable  size  ;  it  is  usually  of  ovoid 
shape,  conforming  to  that  of  the  lobe,  and  may  measure  two  or  three 
inches  in  length  ;  occasionally  it  is  somewhat  loculated.  In  the 
cerebellum  a  considerable  part  of  a  lateral  lobe  may  be  occupied 
by  the  abscess,  which  usually  comes  close  to  or  reaches  the  anterior 
border,  the  lobe  often  being  adherent  to  the  bone  at  that  point. 


Fig.  433. — Longitudinal  section  of  brain,  showing  chronic  abscess  in 
temporo-sphenoidal  lobe,  x  |. 

The  contents  of  a  chronic  cerebral  abscess  are  usually  a  thick 
greenish -yellow  pus  with  foul  odour,  and  as  a  rule  there  are  a  large 
number  of  bacteria  of  different  kinds — the  ordinary  pyococci  and  vari¬ 
ous  bacilli.  The  wall  of  the  cavity  consists  mainly  of  young  connective 
tissue  and  new  blood  vessels,  that  is,  of  ordinary  granulation  tissue. 
Externally  the  newly  formed  tissue  blends  with  proliferated  neuro- 
gha  and  the  ghal  thickening  gradually  fades  off  at  the  periphery. 
In  many  cases  a  cerebral  abscess  may  exist  for  a  considerable  time  in 
a  comparatively  latent  condition,  but  more  acute  symptoms  may 
develop,  owing  to  the  spread  of  the  suppuration  and  sometimes  as  a 
result  of  acute  inflammatory  mdema  and  swelling  of  the  parts  around. 
Sometimes,  again,  the  organisms  spread  to  the  meninges  and  produce 
an  acute  leptomeningitis. 

Abscess  in  the  temporo-sphenoidal  lobe  or  in  the  cerebellum  is,  as 
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we  have  said,  caused  by  disease  of  the  middle  ear  or  of  the  mastoid 
antrum  and  air  cells.  This  disease  is  the  result  of  an  infection  ascend¬ 
ing  by  the  Eiistachia]!  tube  from  the  pharynx,  such  an  occurrence 
taking  place  especially  in  cliildren,  though  met  with  also  in  adults. 
Not  infrequently,  it  starts  as  a  complication  of  one  of  the  specific 
fevers,  notably  scarlet  fever  ;  and  the  organisms  chiefly  concerned 
are  streptococci  and  pneumococci,  but  many  others  become  super- 
added.  At  first  there  is  set  up  an  acute  inflammation  of  the  lining 
of  the  tympanic  cavity,  etc.,  with  purulent  discharge,  and  if  this 
continues  the  lining  membrane  becomes  destroyed  and  replaced  by 
a  layer  of  granulation  tissue  ;  very  frequently,  though  not  invariably, 
perforation  of  the  tympanic  membrane  results.  The  bone  often 
becomes  involved  in  a  carious  process  which  destroys  the  various 
structures  and  may  reach  the  dura,  giving  rise  to  one  or  more  of  the 
various  lesions  mentioned—local  meningitis,  erosion  of  the  brain, 
acute  leptomeningitis,  cerebral  abscess,  sinus  thrombosis,  etc.  A 
similar  sequence  of  events  may  follow  acute  suppuration  in  the  frontal 
sinus,  the  resulting  abscess  being  in  the  frontal  lobe,  but  this  complica¬ 
tion  is  more  rare.  And  just  as  an  abscess  may  occur  by  extension 
of  the  organisms  along  blood  vessels  before  the  dura  has  been  involved, 
so  also  an  acute  leptomeningitis  may  be  set  up  by  the  spread  of  organ¬ 
isms  along  the  sheath  of  a  nerve,  especially  the  auditory. 

Sinus  Thrombosis,  This  is  the  result  of  an  extension  of  septic 
inflammation  to  the  wall  of  a  sinus,  and  occurs  most  frequently  in 
the  sigmoid  sinus  in  cases  of  mastoid  or  middle  ear  disease.  The 
first  effect  is  the  production  of  acute  phlebitis  with  secondary  forma¬ 
tion  of  thrombus  on  the  damaged  intima.  At  the  very  earliest 
period  the  thrombus  may  be  free  from  organisms,  but  it  soon  becomes 
invaded  by  them  and  then  suppurative  softening  of  its  substance 
occurs.  When  once  thrombosis  has  started  it  tends  to  spread,  and 
it  may  pass  into  the  internal  jugular  vein.  The  oldest  part  of  the 
thrombus  thus  comes  to  be  occupied  by  purulent  material,  while 
the  process  of  ordinary  thrombosis  continues  to  spread  at  the  end,  and 
thus  may  prevent  the  detachment  of  infected  portions.  We  have  in 
this  way  an  explanation  of  the  fact  that  while  septic  emboli  may  be¬ 
come  detached,  and  cause  secondary  abscesses  in  the  lungs,  this  occurs 
only  in  a  relatively  small  proportion  of  cases  of  septic  sinus  thrombosis. 

(2)  Iotection  BY  THE  Blood.  Abscesses  in  the  brain  caused 
by  septic  embolism  used  to  be  not  uncommon  in  cases  of  surgical 
pyemia  in  pre-antiseptic  days  ;  they  are  now  relatively  rare,  but  small 
foci  of  suppuration  may  be  met  with  in  acute  pyogenic  infections,  e.g* 
suppurative  osteomyelitis,  bacterial  endocarditis,  etc.  They  are  often 
quite  minute,  and  may  appear  rather  as  haemorrhagic  points,  their 
true  nature  being  revealed  on  microscopic  examination,  by  means  of 
which  small  plugged  vessels  may  be  seen  in  their  central  parts.  Such 
lesions  may  be  produced  by  cocci  in  the  blood  settling  in  the  capillary 
endothelium,  as  well  as  by  actual  embolism.  Large  cerebral  abscesses 
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due  to  blood-borne  infection  are  now  met  with  chiefly  secondary  to 
lesions  in  the  lungs,  such  as  abscess,  bronchiectasis,  or  gangrene,  and 
are  the  result  of  septic  involyement  of  small  veins  with  subsequent 
embolism  They  are  not  infrequently  multiple,  and  vary  greatly  in 
size.  In  bronchiectasis  they  are  a  common  cause  of  death  and  may 
develop  when  the  lung  lesion  is  not  very  extensive  ;  sometimes  they 
are  very  chronic.  Occasionally  the  yeast  Torula  histolytica  may  set 
up  a  chronic  granulomatous  ‘abscess,’  the  source  of  infection  as  in 
torula  meningitis,  being  probably  the  lung. 

We  may  add  that  abscesses  in  the  brain,  single  or  multiple,  and 
sometimes  of  considerable  size,  may  occasionally  be  produced  by  the 
actinomyces  and  other  streptothrix  organisms  ;  they  usually  occur 
secondarily  to  similar  lesions  in  the  lungs. 


SPECIFIC  INFLAMMATIONS 

Tuberculosis.  The  central  nervous  system  is  comparatively 
often  the  seat  of  tuberculoM  disease,  which  occurs  in  two  main  forms. 
The  commoner  is  an  affection  of  the  leptomeninges,  in  which  dissemi¬ 
nated  tubercles  form  and  lead  to  inflammatory  change — tuberculous 
meningitis.  In  the  less  common  affection,  tubercle  nodules  of  consider¬ 
able  size,  single  or  multiple,  form  in  certain  parts  of  the  brain  substance, 
and  their  effects  often  correspond  with  those  of  tumour  growth. 

Tuberculous  Meningitis.  In  this  affection  we  have  an  example  of 
inflammation  with  exudation  associated  with  the  presence  of  tubercles 
in  the  leptomeninges.  The  bacilli  may  reach  the  membranes  by 
means  of  the  blood  stream  during  the  course  of  a  generalised  miliary 
tuberculosis,  or  by  direct  spread  from  tuberculous  disease  in  any  of 
the  bones  related  to  the  central  nervous  system  (e.gr.  petrous  or  verte¬ 
brae)  or  by  lymphatics  from  some  lesion  in  the  thorax  or  abdomen. 
Another  mode  of  infection  is  from  small  caseous  lesions  which  are  most 
frequently  situated  near  the  surface  of  the  brain.  They  are  often 
multiple  and.  may  contain  abundant  tubercle  bacilli.  Such  lesions 
are  quite  distinct  from  the  large  encapsulated  tuberculomata.  Accord¬ 
ing  to  Rich  and  McCordock  it  is  from  such  small  foci,  which  are  second¬ 
ary  to  tuberculous  disease  in  the  respiratory  or  alimentary  system, 
that^  tuberculous  meniugitis  most  frequently  takes  origin.  They 
consider,  both  on  morphological  and  experimental  grounds,  that 
tuberculous  meningitis  is  not  the  immediate  result  of  hematogenous 
infection  of  the  meninges,  but  is  due  to  discharge  of  large  numbers  of 
tubercle  bacilli  into  the  subarachnoid  space  from  these  pre-existent 
caseous  foci.  It  is,  however,  difficult  to  apply  this  view  generally 
to  cases  where  meningitis  is  associated  with  a  general  miliary  tuber¬ 
culosis  and  also  the  presence  of  tubercles  in  the  choroid  plexuses,  as 
frequently  occurs.  ,  ’ 

STEtrcTTJEAL  CHANGES.  When  the  bacilli  reach  the  membranes 
they  have  a  great  tendency  to  spread  in  the  perivascular  connective 
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tissue  of  the  arteries.  Here  and  there  they  become  arrested  and  pro¬ 
duce  tubercles,  which  can  be  seen  as  small  grey  nodules  along  the  lines 
of  the  vessels.  Apparently  by  the  diffusion  of  toxins  in  the  subarach¬ 
noid  space  a  general  effect  on  the  vessels  is  produced,  and  inflam¬ 
matory  exudate,  often  of  a  fibrinous  character,  occurs.  Leucocyte 
emigration  is  abundant  not  only  in  the  meninges  but  also  around 
the  nutrient  twigs  as  they  extend  into  the  brain  substance.  The 
leucocytes  are  for  the  most  part  of  the  lymphocyte  class,  but  a 
considerable  number  of  polymorplio-nuclears  are  present  also.  The 
tubercles  in  the  meninges  are  rounded  aggregations  of  cells  with 
caseation  in  their  centres  rather  than  typical  follicles  ;  and  giant- cells 
are  usually  not  a  prominent  feature,  though  they  may  be  present. 
Kecrosis  and  caseation  aflPect  also  the  cells  in  the  exudate,  so  that  in 
certain  areas  both  fibrin  and  cells  are  stained  alike.  Another  import¬ 
ant  change  occurs  in  the  small  arteries.  The  presence  of  a  tubercle 
on  the  wall  of  an  artery  causes  a  reactive  endarteritis,  which  leads  to 
great  thickening  of  the  intirna  and  not  infrequently  actual  closure ; 
caseous  necrosis  of  the  wall  may  follow.  A  considerable  amount  of 
softening  of  the  superficial  grey  matter  is  often  present ;  and  this  is 
the  result  in  part  of  toxic  action  and  in  part  of  the  implication  of  the 
vessels.  Oblitei-ative  endarteritis  is  moi'e  nia,rk(>d  in  clrronie  cases 
and  has  sometim(>s  Ixhmi  very  pronouncuvl  in  ca,s(^s  in  which  life  has 
been  prolonged  l)y  a, d ministration  of  streptornyehi. 

In  the  great  majority  of  cases  the  disease  starts  a,t  the  base  of 
the  brain  and  is  most  marked  there  (Pig.  434).  Occasionally,  though 
rarely,  the  meningitis  is  chiefly  over  the  vertex,  and  again,  it  may  be 
asymmetrical;  for  example,  there  may  be  a  local  eruption  of  tubercles 
over  one  hemisphere  (Fig.  435).  The  following  are  the  usual 
changes  to  be  found  post  mortem.  The  dura  is  usually  tense,  and 
when  it  is  removed  the  convohitions  are  markedly  flattened  and 
somewhat  dry  in  appearance.  This  is  the  result  of  accumulation  of 
fluid  in  the  ventricles,  acute  hydrocephalus  being  ailniost  invariahly 
present.  The  exudate  is  usually  most  aLnndant  in  tlu^  loose  ai’achnoid 
at  the  base  of  the  brain  ;  the  optic  cliiasma,  a^tibnaor  surfacK'.  of  the 
pons,  etc.,  are  especially  involved  and  thenr  structure  partly  obscured. 
The  exudate  may  he  abundant  and  yellowish,  a  oonHid(.ira4)l(^  aitnount 
of  fibrin  being  present,  or  the  chief  cdiange  may  be  more  an.  inflam¬ 
matory  oedema  with  greyish  opacity  a,nd  thi(ikonit\g  of  th(^  nuunbranes. 
The  ventricles  are  greatly  distended  with  fluid  vvliicHi  is  oftem  turbid ; 
their  walls  may  be  softemed.  Tuberckis  may  often  be  found  in  the 
choroid  plexuses  and  also  in  the  lining  of  thc^,  ventricles,  and  the.  velum 
interpositum  is  often  the  seat  of  inflammatory  change.  On  lumbar 
puncture,  in  most  cases  of  tubereulous  meningitiB,  tlie  cerebro-spinal 
fluid  is  found  to  escape  xmcler  increased  pressure  ;  the  hydrocephalus 
is  thus  of  the  communicating  type  (p,  718).  It  is  mainly  due  to 
obstruction  in  the  cisterns  at  the  base  of  the  brain  by  the  inflammatory 
process,  though  this  may  be  aggravated  by  inflammatory  changes  in  the 
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choroid  plexuses  of  the  ventricles.  In  more  chronic  cases,  however,  the 


Fig.  434.  Tuberculous  meningitis,  showing  exudate  which  obscures  structures 

at  base  of  brain. 

A  few  tubercles  can  be  seen  in  the  peripheral  parts,  x  f. 

foramina  in  the  roof  of  the  fourth  ventricle  may  be  obliterated  by  the 
thickening  of  the  membranes 
and  a  non- communicating 
type  of  hydrocephalus  thus 
established. 

Tubercles  are  most 
readily  seen  in  the  congested  ' 
areas  just  beyond  the  exu¬ 
date.  A  hand  lens  greatl}^ 
assists  the  search  for  them. 

Some  cases  run  a  relatively 
chronic  course,  especially  m 
adults,  and  in  these  the  chief 
change  is  thickening  and 
oedema  of  the  membranes, 
often  with  implication  of 
the  roof  of  the  fourth  ven¬ 
tricle.  Tubercles  are  few 
and  may  be  found  with 
difficulty  §  in  fact,  occasion-  ^ 

ally  the  true  nature  of  the  435 -Localised  eruption  of  tubercles 

case  can  be  determined  only  on  surface  of  hemisphere  in  region  of 
by  microscopic  examination.  fissure  of  Sylvius,  x  f . 

The  spinal  meninges  are 

afiected  in  most  cases,  and  the  tubercles  have  the  same  characters  as, 
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and  produce  results  similar  to,  those  in  the  brain.  Sometimes  the 
affection  is  most  marked  in  the  cervical  region,  this  indicating  a 
downward  spread.  But  sometimes,  as  has  been  said,  the  cord  is 
more  affected  than  the  brain,  and  the  appearance  of  the  lesions 
suggests  that  the  spinal  meninges  have  been  primarily  involved. 

The  iluid  in  iaiberc.ulous  xnoniugil.is  hs  obijuru^d  by  lurxibar 

puncture  m  never  turbid  ;  oRicmi  it  is  ctvii-  but  it  nniy  luivx^  UiU  o[)Hl(^Kc.etit  a,ppear- 
aiiee  and  give  a  fine  web  of  fibrin  on  si.juiding.  ninri])(M’  of  c.(dls  is  much 

raised,  often  being  200  per  c.nun.  or  (5Von  iiiglun’  ;  majority  are  ly, inpliocytes 

as  a  rule,  with  a  small  ^propoi'tiou  of,  morionucdiuirs,  but  polymorplio-ruiclears 
may  be  quite  numerous  and  may  oec.asiomdly  oxchhhI  lymphocytes,  especially 
in  the  earliest  sta,ges.  Tlie  polymorpho-nnelcMirs  oftcui  sliow  signs  of  degenera¬ 
tion.  Tub(^rc,l(^  })a.c.iIU  ma,y  bo  usually  found  on  microscopic  (vxarnination  of 


rxcu  4o().” . iuborculous  meningitis. 

(а)  Chiasmal  cistern,  showing  soft  fibrinous  exuda.i.o  filling  the  subaraxilmoid 
space,  with  cellular  exudate  iu  tLie  sheath, s  of  the  vessels.  "  x  8. 

(б)  Showing  sero -fibrinous  exudate  iu  fixe  suba.rae;huoid  space  and  cellular 
exudate  most  abundant  around  the  vessels;  caseati().n  is  beginning,  x  48. 

the  centrifuged  deposit  or  of  tlxe  fibrin  web  whiclx  forms  in  the  fluid.  The 
protein  is  increased  bxit  in  variable  amount,  and  the  glucose  a,n,d  xihlorides  are 
diminished. 

Primary  tuberculosis  of  the  dura  mater  is  very  rare,  though  occa¬ 
sionally  single  or  multiple  chronic  nodules  may  be  met  with.  In 
tuberculous  leptomeningitis,  as  a  rule,  the  dura  mater  is  quite  un¬ 
affected.  Secondary  infection  of  the  dura  mater  of  the  spinal  cord 
from  tuberculosis  of  the  vertebras  is  of  common  occurrence  ;  in  some  oases 
the  spinal  cord  is  affected  in  a  mechanical  way  by  the  angulancurvature 
which  takes  place,  but  in  others  the  dura  may  be  infiltrated  by  tubercle 
which  extends  inwards,  involving  the  soft  membranes  and  leading  to 
inflammatory  softening  of  the  cord. 

The  Symptomatology  of  tuberculous  meningitis  varies  greatly 
as  can  be  readily  understood  in  view  of  the  anatomical  changes.  The 
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inflammation  at  the  base  of  the  brain  leads  to  impKcation  of  various 
cranial  nerves,  the  oculo-motor  being  often  involved ;  thus  ptosis 


y  ■  ■  ■■ . 

Fig.  437. — Tuberculous  mass  in  right  lobe  of  cerebellum, 
showing  diffuse  caseation.  X  f. 

and  various  forms  of  squint  and  other  paralyses  are  common 
signs.  The  affection 
of  the  sjDinal  meninges  is 
often  indicated  by  retrac¬ 
tion  and  rigidity  of  the 
neck.  The  growth  of 
tubercles  in  the  cortex 
leads  to  irritation,  and 
when  one  area  is  especially 
affected,  as  is  not  un¬ 
common,  localised  spasms 
or  convulsions  may  result, 
whilst  the  softening  of  the 
cortex  due  to  closure  of 
vessels  may  lead  to  para¬ 
lytic  symptoms.  Lastly, 
the  accumulation  of  fluid 
in  the  ventricles  produces 
the  symptoms  of  general 
compression  of  the  brain 
and  ultimately  coma. 

Tuberculous  Masses  or 
'  Tuberculomata  ’  (Figs.  437, 

438).  The  occurrence  in 
the  brain  of  tuberculous 
masses  of  considerable  size,  ^ 

though  rarer  than  tuber-  tuberculous  mass  in 

®  head  of  right  caudate  nucleus,  x  - 


early 


the 
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Giilous  meningitis,  is  not  uncommon.  They  are  known  also  as 
tuberculous  tumours,  and  the  term  ‘  solitary  tubercle  ’  is  some¬ 
times  used,  though  they  are  more  often  multiple.  ’’Tlu^y  are  met 
with  especially  in  young  subjects,  and  their  common(\st  sites  are 
the  cerebellum,  meduria,  pons  and  crura  ;  tliey  ma.y  occur  at  a 
higher  level  but  are  comparatively  rare  in  the  hemispheres.  They 
are  often  of  about  the  size  of  a  pea  or  small  clierry,  though,  they  may 
be  as  large  as  a  walnut  or  even  larger.  Unlike  gummata,  they  occur 
in  the  brain  substance  and  their  distribution  is  quite  irregular.  Their 
consistence  is  usually  firm  and  they  present  a  dull  yellowish  centre 
which  is  surrounded  by  a  pinkish-grey  capsule,  though  sometimes 
there  may  be  a  considerable  degree  of  vascularity  at  the  periphery. 
Calcification  in  such  a  mass  has  been  ohservcul,  but  is  rare.  Such 
nodules  produce  their  effects  partly  by  pressures  and  partly  by  destruc¬ 
tion  of  nerve  nuclei  and  tracts.  When  tluw  are  in  tlie  region  of  the 
fourth  ventricle  or  in  the  pons,  tliey  may  cause  interference  with  the 
flow  of  the  cerehro-spinal  fluid,  and  thus  give  rise  to  liydrocephalus. 
Occasionally  tuberculous  meningitis  follows.  The  characters  of  such 
tuberculous  masses  are  usually  unmistakable  but  sometimes  the 
capsular  tissue  is  very  abundant,  and  we  have  seen  cases  where  the 
tuberculous  mass  resembled  a  glioma  with  some  central  necrosis. 

Syphilis.  Syphilitic  affections  of  the  central  nervous  system  are 
of  frequent  occurrence  and  lead  to  manifold  serious  results.  They 

may  be  conveniently  divided  into 
two  groups,  (a)  The  first  group 
includes  lesions  which  are  found 
in  the  late  secondary  and  in  the 
tertiary  stages,  and  which  in- 
V  o  1 V  e  the  ordinary  connective 
tissues  and  the  blood  vessels  ;  the 
chief  forms  of  this  group  are  menin¬ 
gitis,  gummata  and  endarteritis, 
and  various  combinations  of  these. 
In  this  group  the  lesions  are 
mesodermal.  (6)  In  the  second 
group  are  the  important  diseases, 
tabes  dorsalis  and  general  paralysis ; 
these  occur  much  later  than  the 
tertiary  stage,  and  in  them  the 
'  nervous  tissue  is  involved  from 
the  outset.  Here  the  lesions 
represent  affections  of  the  neuro- 
ectoderm. 

Syphilitic  Meningitis  may  be  met 
with  at  a  relatively  early  period. 
It  may  start  in,  and  affect  chiefly,  either  the  dura  or  the  lepto- 
meninges,  though  not  infrequently  both  are  involved  and  adhesions 


¥xq:  439.— Syphilitic  leptomeixmgitis 
showing  th©  dense  cellular  exudate 
chiefly  of  lymphocytes,  together  with 
endarteritis  of  the  small  vessels. 


✓ 

Fig.  440. — Section  of  cord  in  hyper¬ 
trophic  cervical  meningitis,  show¬ 
ing  thickening  of  dura  and  adhesion 
to  arachnoid. 
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aie  present,  bypliilitic  leptomeningitis  is  commonest  at  tlie  base  of 
the  brain,  where  it  causes  a  diffuse 
thickening  of  the  membranes  with, 
as  a  rule,  superficial  involvement 
of  the  brain  substance.  The 
affected  membranes  are  swollen 
and  gelatinous,  and  patches  of 
necrosis  and  caseation  may  be 
present,  the  condition  being  then 
known  as  gummatous  meningitis. 

Various  cranial  nerves,  especially 
the  optic  and  oculo-motor  nerves, 
become  implicated,  and  thus 
symptoms  of  irritation  or 
paralysis  result.  The  process  may  affect  also  the  roof  of  the  fourth 
ventricle  and  give  rise  to  hydrocephalus.  On  microscopic  exam¬ 
ination  the  usual  histological  changes 
are  found — ^proliferation  of  connec¬ 
tive  tissue  cells  and  thickening  of 
fibres,  accompanied  by  abundant 
infiltration  of  lymphocytes  and 
plasma  cells  (Fig.  439) ;  reactive 
endarteritis  is  a  common  accom¬ 
paniment  (Fig.  442).  Cellular  in¬ 
filtration  occurs  round  the  small 
vessels  penetrating  the  brain  sub¬ 
stance  and  there  is  neuroglial  pro¬ 
liferation  in  the  superficial  parts. 
Syphilitic  pachymeningitis  occurs 
especially  over  the  hemispheres  and 
all  stages  of  transition  to  gumma 
may  be  observed. 

In  connection  with  the  spinal 
cord,  corresponding  lesions  are  met 
with.  A  syphilitic  leptomeningitis 
is  of  common  occurrence  and  may 
affect  a  considerable  part  of  the 
cord ;  it  is  accompanied  by  a 
variable  degree  of  superficial  sclero¬ 
sis.  Arterial  changes  are  prominent 
and  softening  may  follow  from 
interference  with  the  blood  supply. 
Syphilis  thus  may  cause  a  form 
of  myelitis,  as  will  be  described 
below  (p.  766).  A  comparatively 
rare  condition,  which  has  been  known  for  some  time  under  the 
name  of  hypertrophic  cervical  pachymeningitis,  has  been  found  to 


4 
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Fig.  441. — Section  of  hemisphere 
above  level  of  corpus  callosum, 
showing  large  gummatous  masses 
(a)  growing  from  the  dura  and 
overlying  the  surface  of  the 
convolutions,  x 
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be  produced  mainly  l)y  sypliilis  (Fig.  440).  In  this  condition  the 
dura  becomes  uiarkedly  thickened,  and  partly  or  generally  adherent 
to  the  arachnoid.  The  soft  membranes  also  undergo  thickenim>' 
and  a  varying  amount  of  sclerosis  occurs  in  the  spinal  cord.  As 
the  name  implies,  the  lesion  is  commonest  in  the  cervical  region,  and 
the  nerve  roots  may  be  pressed  on  or  invaded  by  the  dense  con¬ 
nective  tissue  and  undergo  a  certain  amount  of  atrophy. 

Gummata  occur  in  connection  with  the  membranes  and  are  to  be 
regarded  simply  as  an  extension  and  intensification  of  meningitis, 
Not  infrequently  they  are  multiple.  When  originating  in  the  soft 
membranes,  they  extend  inwards  and  have  a  somewhat  rounded  or 
irregular  shape  ;  the  central  parts  may  be  diffusely  necrotic  or  multiple 


Fig.  442, — Syphilitki  oudarUM'iliiH  of  Uio  Oiiiterior  jirU'iru^s.  TIumh'i  is 

also  a  wcll-miirkod  sy])luli(k*,  moningiOs.  MailUplo  snuill  sofkHiingB  wore 
present  in  both  ]ie,inisphort\s. 

foci  of  necrosis  may  be  present.  Gummata  growing  from  the  dura 
are  usually  flattened  and  may  cover  a  considerable  proportion  of  a 
hemisphere  (Fig.  441).  The  soft  membranes  become  adherent,  and 
there  may  be  superficial  softening  of  the  brain,  probably  from 
involvement  of  the  small  vessels.  A  gumma  growing  from  the  outer 
aspect  of  the  dura  may  affect  chiefly  the  bone,  leading  to  erosion; 
pressure  may  be  exerted  on  the  brain,  or  there  may  bo  actual  gi'owth 
in  an  inward  direction. 

Th.^  arterial  changes  are  mainly  an  obliterative  endarteritis  usually 
accompanied  by  cellular  infiltration  in  the  perivascular  tissue. 
Great  thickening  of  the  intima  occurs  and  sometimes  actual  oblitera¬ 
tion,  while  thrombosis  is  a  common  result.  These  lesions  are  of 
course  met  with  in  marked  degree  in  the  areas  of  syphilitic  menin¬ 
gitis  and  in  connection  with  gummata.  But  they  may  affect  other 
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vessels  and  occur  in  parts  where  there  are  no  other  lesions.  Small 
gammata  may  occur  along  the  lines  of  the  small  vessels  and  the 
central  necrosis  may  extend  to  the  vessel  wall — the  so-called  gum¬ 
matous  arteritis.  These  various  vascular  lesions  produce  their  effects 
by  the  narrowing  or  actual  occlusion  of  the  affected  vessels,  thus 
leading  to  softening.  It  is  possible  that  a  gummatous  patch  may 
weaken  the  arterial  wall  and  give  rise  to  an  aneurysm,  but  we 
beheve  that  cerebral  haemorrhage  rarely  occurs  as  the  result  of 
a  syphilitic  lesion ;  softening  follomng  thrombosis  is,  however, 
common. 

General  Paralysis  of  the  Insane.  In  this  disease  there  occur 
very  widespread  lesions  in  the  nervous  system,  and  the  resulting 
symptoms  are  motor  and  sensory  as  well  as  mental  in  nature.  It  is 
undoubtedly  a  syphilitic  condition,  and  stands  in  much  the  same 
relation  to  the  tertiary  stage  as  does  locomotor  ataxia  ;  it  comprises 
about  10  per  cent,  of  all  cases  of  neuro-syphilis  (Biggart).  Like 
tabes  it  occurs  some  years  after  the  period  at  which  tertiary  mani¬ 
festations  are  met  with,  and  it  is  much  commoner  in  the  male  than 
in  the  female  sex.  It  is  occasionally  met  with  as  a  sequel  to  con¬ 
genital  syphilis,  appearing  usually  about  the  age  of  ten  or  some¬ 
what  later.  The  Trejponema  pallidum  has  been  found  in  the  brain  in 
a  certain  number  of  cases,  even  apart  from  the  lesions.  The  organism 
appears  to  have  an  irregular  distribution,  so  that  while  in  some  areas 
it  may  be  found  m  large  numbers,  in  others  its  presence  cannot  be 
demonstrated.  The  chief  changes  are  degeneration  of  nerve  cells 
and  fibres,  especially  in  the  grey  matter,  and  reactive  thickening  of 
the  neuroglia  and  soft  membranes.  Probably  neither  of  these  is  to 
be  regarded  as  produced  by  the  other,  but  rather  both  are  the  effect 
of  the  same  toxic  agency. 

Stkuctueal  Changes.  The  following  is  an  account  of  the  changes 
which  may  be  commonly  found  in  an  advanced  stage  of  the  disease. 
The  dura  mater  is  usually  abnormally  adherent  and  somewhat  thick¬ 
ened,  and  the  inner  aspect  on  one  side  or  both  sides  may  be  covered  by 
a  brownish  membranous  layer,  ordinarily  known  as  pachymeningitis 
hsemorrhagica.  This  is  simply  the  result  of  extravasation  of  blood 
under  the  dura  (p .  706 ) .  Such  extravasation  is  believed  to  occur  during 
the  congestive  attacks  of  convulsive  nature  which  are  common  in 
the  disease.  The  arachnoid  over  the  hemisphere  shows  varying 
degrees  of  opacity  and  thickening,  w^hile  the  sulci  are  widened  and 
contain  an  excess  of  fluid;  the  arachnoid  meshwork  has  a  some¬ 
what  gelatmous  character,  but  collapses  as  the  fluid  runs  out.  Some¬ 
times  the  pia-arachnoid  cannot  be  stripped  from  the  surface  of  the 
convolutions  in  the  normal  way,  and  small  portions  of  the  grey 
matter  are  removed  along  with  it,  leaving  a  worm-eaten  appearance 
on  the  surface  of  the  convolutions.  This  condition,  if  present,  is 
usually  most  marked  over  the  frontal  lobes.  The  superficial  grey 
matter  is  thinned,  and  the  normal  marking  of  parallel  laminae 
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iiuiy  be  itn})(.M‘lee,t  or  blurred.  causes  of  tliese  eliauges  will  be 

readily  uudt'rsi.ood  froiii  tlie  hisiologica.l  (‘xa.iiiiiiatioii.  Tim  ventricles 
are  widened  a,ud  contain  an  (c\c(\ss  ot  iluid,  tliis  being,  along  with 


Fro.  443. — Oiant  astrocytes  in.  the  (‘.('r(4>ral  corit^x:  iji.  g'(aK‘i’)iI  naralysis  of  the 

jnsa.iu\ 

(CajaFs  gold-sublimate,  xmdhod.) 


(in'oia  a,  preitanitiau  kiiKlIy  l(‘ut  by  laol'.  4.  .11.  Bi,u;p'art.) 

the  widening  of  the  sulci,  the  l•(^snlt  of  .atropliy  of  tlu',  hniiu  sub¬ 
stance.  Not  infrequently  inituite  cix'cre.sccMM^t'.s  or  granulations,  com¬ 
posed  of  local  proliferation.s  of  mniroglia,  are  pre^sent  iu  l,lu>.  ependyma. 
The  floor  of  the  fourth  ventricle  i.s  a  coininon  site  of  these,  the 


condition  being  termed  granular  ependgmitu,  but  it  is  not  peculiar 
to  cerebral  syphilis  (Tig.  444). 

On  Micboscopical  Examinatiok,  the  cortical  grey  matter  is 
seen  to  be  much  more  cellular  than  the  normal,  owing  chiefly  to 
increase  of  neuroglial  cells.  The  small  nutrient  vessels  stand  out 
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more  prominently,  surrounded  by  lymphocytes  and  proliferated  cells, 
and  their  course  is  somewhat  irregular.  There  is  a  general  increase 
of  neuroglia  fibres,  whilst  the  neuroglia  cells  are  much  enlarged  and 
branched,  constituting  the  well-known  '  spider- cells.’  These  cells  are 
specially  abundant  in  the  superficial  parts  where,  with  the  increased 
fibres,  they  constitute  the  sub-pial  felting  (Eig.  443).  They  are 
abundant  also  round  the  small  vessels,  and  some  are  attached  by 
their  processes  to  the  vessel  wall.  The  mesoglial  cells  or  "  cerebral 
histiocytes  ’  also  are  enlarged  and  increased  in  number,  and  many 
of  them  give  an  iron  reaction.  The  iiormal  arrangement  of  nerve 
cells  is  disturbed,  and  it  has  been  determined  that  many  disappear  ; 
of  those  surviving,  many  show  various  signs  of  degeneration.  There 
is  also  considerable  degeneration  and  loss  of  nerve  fibres.  These 
changes,  though  especially  marked  in  the  cortical  grey  matter,  are 
not  confined  to  it,  and  sclerotic  change  may  also  be  present  in  sub¬ 
jacent  white  matter  and  in  other  parts  of  the  brain.  There  may  be 
systematic  degeneration  in  the  spinal  cord,  and  a  degree  of  lateral 
sclerosis  is  not  uncommon.  In  other  cases  there  is  sclerosis  in  the 
posterior  columns,  and  occasionally  the  typical  lesions  of  tabes  dorsahs 
are  superadded.  Corresponding  motor  and  sensory  disturbances  are 
then  present,  and  there  may  also  be  trophic  lesions,  including  Charcot’s 
disease  of  joints  (p.  743),  the  combined  disorder  being  known  as 
tabo-paresis. 

The  resulting  symptoms  are  many  and  can  be  explained  only  in 
a  general  way.  Disturbances  of  the  mental  functions  are  amongst 
the  earliest  and  are  varied ;  alteration  in  disposition  and  in  moral 
qualities,  loss  of  memory  and,  especially,  grandiose  ideas  are  amongst 
the  commonest.  Ultimately  there  is  dementia.  These  symptoms 
are  related  to  the  progressive  changes  in  the  neurons  especially  in 
the  frontal  lobes,  there  being  interruption  of  the  association  fibres, 
degeneration  and  ultimately  disappearance  of  the  cells.  Correspond¬ 
ing  changes  in  the  motor  neurons  lead  likewise  to  a  variety  of  dis¬ 
turbances,  first  in  the  finer  movements.  Tremor  of  the  lips  and 
tongue,  interference  with  articulation,  inequahty  of  the  pupils,  etc., 
are  examples.  General  weakness  of  progressive  nature  is  present. 
Another  feature,  as  has  already  been  mentioned,  is  the  occurrence  of 
convulsive  seizures  or  '  congestive  attacks,’  with  loss  of  conscious¬ 
ness.  ^  « 

General  paralysis  is  usually  a  chronic  disease,  but  some  cases  run 
a  comparatively  acute  course,  and  in  them,  accordingly,  the  neuro¬ 
glial  proliferation  is  less  in  evidence.  It  may  be  noteworthy  only 
under  the  pia,  and  degenerative  change  in  the  nerve  elements  is  less 
marked.  Often  a  striking  feature  is  the  marked  perivascular  infil¬ 
tration  with  round  cells,  lymphocytes  and  plasma  cells,  these  often 
forming  a  distinct  sheath  or  mantle  to  the  vessels. 

In  cases  in  which  the  disease  has  been  arrested  by  treatment, 
e.g.  by  malarial  pyrexia,  the  signs  of  active  inflammatory  damage 
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(lisii|)|)Ciir  a,iul  olidsis,  botli  giviuvi-a,|  aaid  .sub-pial,  is  t,lic  cjliief  feature 
togctlier  witii  loss  of  nerves  colls  (Biggart). 


In  ffoiioral  jiaralysis  thoro  is  usually  a  cousiclcrablo  incroaso  in  tho  cell  con 
ioiil,  ol  Mic  a;rh,v-.',p!milfl„i,U  lumilxn'  oC  coll.s  lanufr  nu  |„v,-  ,..mni  nr  nioiv' 
Tlio  colls  in  excess  arn  clu(UI,y  lynipliocylcs,  Inil.  a  small  vrnpn.ainn  nf  mono' 
nucicars  ami  plasma  c<4ls  also  are  present-,.  There  is  a,  cnnsiilerahlo  increase 
ol  I, he  pnilenis  and  Mie  iluid  ahuosi,  lnva.rial)ly  ^ive.s  a,  p<)si|.iv(^  Wassonnanii 
reaction.  Tho  Lange  gold  tc.sl.  usually  gives  a.  jiaretio  iwudion. 


In  connection  with  the  pathology  of  general  paralysis,  it  may  be 
noted  that  in  tryjKii'Wsoni'Msin  or  nl^iept-ng  stcknuKfi  sonuiwlmt  similar 
changes,  though  of  minor  degree,  are  present  in  tlie  luu-vous  system 
'Fhese  are  of  proliferative  type  with  lymplioeytic  inliltration,  and 
oeeur  in  the  memhranes  and  supei-lleial  parts  of  tlie  hrain,  in  fact  a 
mild  meningo-encephalitis  is  pnssent.  In  this  (li.sea,se  tlie  trypano¬ 
somes  are  fomid  in  the  ci'rehro-spinal  fluid,  and  tho  le.sions'  arc 
evidently  the  result  of  diffusion  of  to.xius  from  the  fluid  into  the 
supei-lieial  parts  of  t,he  bi'aiu. 

Tabes  Dorsalis  or  Locomotor  Ataxia.  This  disease  is  an 
affection  of  the  lower  sensory  neurons  and  is  characterised  chiefly 
by  degeneration  of  the  posterior  root  fibres  and  their  upward  pro- 
longations  in  the  spinal  cord ;  though  there  are  changes  in  other 
parts  of  the  nervous  system  also.  From  clinical  observations  alone 
the  view  came  to  be  held  by  many  that  tabes  was  a  late  result  of 
syphilis— a  parasyphilitic  affection,  as  it  was  called  ;  and  the  use 
of  the  Wassermann  test  has  confirmed  the  view  as  to  its  syphilitic 
.positive  reaction  being  given  by  both  blood  and  cerebro¬ 
spinal  fluid  in  the  majority  of  cases.  It  has  been  noted  that  when 
the  symptoms  of  tabes  appear,  a  previously  negative  Wassermann 
reaction  may  change  into  a  positive  one,  and  as  such  a  pheno¬ 
menon  IS  generally  associated  with  renewed  activity  of  the  syphilitic 
infection,  tabes  may  be  regarded  as  of  true  .syphilitic  nature  rather 
than  as  a  sequela.  The  Tre.poimna  paJMdiim  has  hisui  found  in  tho 
cord  in  only  a  few  instaiuicxs.  It  is  now  aciTpti-d  tluit  tabes  never 
occurs  apart  from  syphilitic  infection.  It  is  to  he  noted  that  as 
regards  their  relation  to  syphilis  and  iieriod  of  occurremT,  there  is  a 
similiarity  between  tabes  and  gimeral  jiaraly.si.s,  and  occasionally  the 
two  affections  are  present  together,  though  one  is  usually  moiu  marked 
than  the  other. 

Tabes  is  much  commoner  in  men  than  in  women  (in  a  proportion 
o  a  out  9 : 1),  and  usually  a  period  of  about  ten  years  intervenes 
between  the  primary  syphilitic  infection  and  the  appearance  of 
symptoms,  though  both  shorter  and  longer  intervals  are  met  with, 
in  a  small  proportion  of  cases  it  has  developed  as  a  result 
of  conpmtal  syphilis,  the  s.ymptoms  then  commencing  in  childhood— 
great  majority  of  case.s  the  disease,  as  indicated 
by  the  lesions  in  the  posterior  roots,  starts  in  and  affects  the  lower 
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portion  of  the  cord — the  lumbar  enlargement — and  gradually  fades 
off  in  an  upward  direction,  so  that  the  upper  dorsal  roots  may  he  practi¬ 
cally  healthy.  In  a  small  pro¬ 
portion  of  cases,  however,  tabes 
affects  chiefly  the  region  of  the 
cervical  enlargement,  where  the 
posterior  roots  show  the  charac¬ 
teristic  changes ;  such  cases 
constitute  the  cervical  tyjpe  of 
tabes. 

Stbuctubal  Changes.  If 
the  spinal  cord  from  a  marked 
case  of  the  common  type  be 
examined,  it  can  usually  be 
seen  that  the  posterior  columns 
in  the  lumbo-sacral  region  are 
somewhat  shrunken,  and  have 
a  greyish  colour  ;  the  pia-arach- 
noid  over  them  is  thickened. 

The  posterior  roots  appear  wasted  and  many  have  a  distinctly  grey 
tint  contrasting  with  the  white  colour  of  the  anterior  roots,  these 
changes,  as  already  explained,  gradually  fading  off  in  an  upward 
direction.  In  sections  through  the  lumbar  enlargement,  stained  by 
the  Weigert-Pal  method,  the  following  are  the  chief  changes  ob¬ 
served  where  the  disease  is  well  marked.  In  the  posterior  roots  proxi¬ 
mal  to  the  gangha,  there  is  seen  to  be  a  considerable  degeneration  and 
loss  of  the  fibres,  as  indicated  by  the  pale  staining,  and  this  degenera¬ 
tion  becomes  more  marked  still  in  the  root  fibres  inside  the  cord. 
The  posterior  cornua  also  have  lost  mediillated  fibres  to  a  considerable 
degree  and  thus  appear  pale  (Fig.  445)  The  posterior  columns 
show  marked  degeneration  and  sclerosis,  though  there  are  usually 
a  considerable  number  of  non-degenerated  fibres  just  behind  the 
posterior  commissure ;  these  represent  endogenous  or  commissural 
fibres  which  are  not  affected.  At  higher  levels  it  is  found  that  the 
root  fibres  gradually  become  less  affected,  until  ultimately  they 
appear  healthy.  When  this  level  has  been  reached,  it  is  seen  that 
the  degenerated  fibres  of  the  posterior  columns  have  become  separated 
from  the  posterior  cornua  by  a  layer  of  healthy  fibres,  which  represent 
the  root  fibres  which  have  entered  the  cord  above  the  level  of  the 
actual  disease.  Thus,  for  example,  in  the  cervical  region  the 
changes  represent  merely  an  ascending  degeneration  as  the  result 
of  the  disease  at  a  lower  level.  In  \h.Q  cervical  form  of  tabes  the 
•  posterior  roots  show  degeneration  similar  to  that  described,  and 
the  outer  parts  of  the  posterior  columns  are  chiefly  involved.  The 
degeneration  in  tabes  does  not  extend  higher  than  the  nucleus 
gracilis  and  the  nucleus  cuneatus,  that  is,  the  upper  terminations 
of  the  long  fibres  of  the  posterior  columns. 


Fig.  445. — Section  through  lumbar  en¬ 
largement  of  cord  in  a  case  of  tabes 
dorsalis,  showing  the  degeneration  in 
the  posterior  roots  and  posterior 
columns.  (Weigert-Pal  method.) 
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Tlie  affected  parts  of  the  cord  show  the  usual  changes  secondary 
to  degeneration  of  the  nerve  fibres.  The  neuroglia  becomes  thickened, 
as  do  also  the  walls  of  the  small  vessels,  and  corpora  arnylacea  are 
often  present  in  the  sclerosed  tissue.  In  advanced  cases  the  thick¬ 
ened  neuroglia  may  involve  and  lead  to  secondary  atrophy  of  other 
nerve  fibre.s.  In  the  posterior  root  ga.nglia  d('gc]U>rafiv('.  <I)ang(>s  may 
be  found  in  the  nerve  cells— chromatoly.si.s,  atropliy  and  disaj)pearance 
of  the  cells—and  interstitial  overgrowth.  Bnti  sm^li  (^iiange.s  may  be 
hardly  appreciable  and  appear'  always  to  of  less  degi'cx*  tluin  those 
in  the  ascending  axons.  The  thic^kened  pia-arac^lmoid  over  the 
affected  part  of  the  cord  is  to  her  regarded  mei'c^ly  as  a  secondary 
change.  There  is  no  evidence  that,  a.s  some  have  supposed,  it  repre¬ 
sents  a  primary  meningitis  which  leads  to  c:onstrietion  of  the  ingoing 
fibres  and  to  degeneration  beyond.  Degmierative  e-hange-s  have '’been 
found  also  in  the  peripheral  nerves  eorrcw])()nding  t,(.)  the  atfi'cted 
roots,  these  changes  being  chiefly  in  the  smalt  tca-'miiial  twigs. 

Changes  occur  also  in  the  sensory  neurons  in  the  higher  parts  of 
the  central  nervous  system.  Atrophy  of  the  optic  discs  and  optic 
nerves  is  common,  as  is  also  the  Argyll-Eobertson  phenomenon,  in 
which  there  is  a  loss  of  the  light  reflex  while  contraction  of  the  pupils 
in  accommodation  is  retaiired.  Degenerative  changes  may  be  present 
also  in  the  sensory  cranial  nerves  and  in  their  nuclei— the  trigeminal, 
auditory,  glosso-pharyngeal  and  vagus.  They  have  been  described’ 
besides,  in  connection  with  the  sympathetic  system,  and  have  been 
taken  as  explaining  the  severe  attacks  of  pain  and  sickness — the 
‘  gastric  crises  ’ — which  are  sometimes  a  marked  feature  of  the  disease, 
though  the  lesions  of  the  vagi  also  may  be  concerned  in  their  pro¬ 
duction. 

Such  widespread  lesions  as  have  been  described  are  necessarily 
attended  by  marked  disturbance  of  sensory  function.  The  afferent 
fibres  first  affected  are  chiefly  those  from  the  deeper  structures,  the 
muscular  sense  being  early  impaired,  and  loss  of  co-ordination  and 
ataxia  resulting.  The  sensation  of  pain,  espc^cially  in  the  deeper 
structures,  is  affected  before  tactile  sensation,  though  the  latter  also 
becomes  impaired  and  paraestliesia  is  common.  Severe  shooting 
pains  in  the  limbs — ‘  lightning  pains  ’—also  occur,  and  there  is  often 
a  ‘  girdle  sensation,’  or  feeling  of  constriction,  round  the  trunk  at  a 
level  corresponding  to  the  upper  hmit  of  the  disease.  The  lesions 
in  the  posterior  root  fibres  described  above  necessarily  lead  to  an 
interruption  of  the  reflex  arc  and  accordingly  the  tendon  reflexes 
disappear  ;  absence  of  the  knee-jerk  is  thus  a  well-recognised  clinical 

The  oerebro-spinal  fluid  shows  changes  ot  fairly  constant  character.  The  ' 
cells  are  increased  in  number,  often  numbering  50  per  c.mm.  or  more ;  they 
are  c  nefly  lymphocytros  but  large  mononuclears  and,  occasionally  even  a  few 
polymorpho.nuclea,rs  may  be  found.  The  protein  is  normal  or  slightly  raised 
„  ’7®,''®  usually  a  globulin  reaction,  though  it  may  be  weak.  The  Lange 
colloidal  gold  test  as  a  rule  gives  a  luetic  reaction. 
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Other  Effects.  In  addition  to  interference  with  the  sensory 
functions  and  irritation  of  the  sensory 
nerves,  various  trophic  disturbances 
are  of  common  occurrence.  Thus  in 
the  skin,  herpes  and  pemphigoid  erup¬ 
tions  are  met  with,  and  an  interesting 
and  fairly  common  lesion  is  perforating 
ulcer  which  starts  in  the  sole  of  the 
foot,  passing  deeply  into  the  tissues, 
and  is  of  very  intractable  nature.  Of 
great  interest  are  the  trophic  lesions 
which  occur  in  the  joints  and  bones. 

The  former  are  not  infrequently  the 
seat  of  what  is  known  as  ‘  Charcot’s 
disease,’  as  the  changes  were  first  fully 
described  by  him.  The  hip-joint  and 
the  knee-joint  are  those  most  commonly 
affected,  though  the  ankle-joint  and  also 
more  rarely  the  joints  of  the  upper 
extremities  may  be  the  seat  of  the 
disease.  There  occurs  first  of  all  a 
painless  effusion  into  the  joint,  which 
may  lead  to  great  stretching  of  the 
capsule.  The  fluid  is  at  first  clear  but 
later  may  contain  flakes  of  inspissated 
exudate.  The  cartilage  becomes  eroded, 
and  there  is  irregular  absorption  with 
new  formation  of  bone,  so  that  the 
configuration  of  the  head  of  the  bone  becomes  much  altered  (Fig. 
446).  Along  with  these  changes,  softening  and  stretching  of  the 
capsule  of  the  joint  occur,  and  spontaneous  dislocation  is  not  un¬ 
common.  In  the  long  bones  considerable  atrophy  and  rarefaction  may 
be  present,  and  sometimes  spontaneous  fracture  follows. 

We  see  that  tabes  may  be  regarded  as  an  affection  of  various 
sensory  neurons,  especially  those  of  the  posterior  root  ganglia  of 
the  lower  part  of  the  cord,  and  that  the  degenerative  effects  appear 
more  marked  in  the  long  axons  related  to  them  than  in  the  cells 
themselves.  Moreover,  the  affection  is  probably  to  be  interpreted 
as  the  result  of  the  diffuse  action  of  syphihtic  toxin  rather  than  of 
the  local  presence  of  the  spirochsetes.  Tabes  occurs  in  only  a  small 
proportion  of  cases  of  long-standing  syphihs,  and  some  authorities 
consider  that  excess  of  functional  activity  of  different  parts  of  the 
nervous  system,  in  addition  to  the  presence  of  syphilis,  has  an  im¬ 
portant  effect  in  determining  the  site  of  the  lesions.  But  regard¬ 
ing  this  nothing  definite  can  be  affirmed. 


Fig.  446. — Upper  end  of  femur 
in  Charcot’s  disease  of  hip- 
joint  in  a  case  of  tabes. 

Xote  tlie  irregular  absorption  of  the 
head  and  the  new  formation  of  bone 
below. 
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VIRUS  INFBGTIONS  OF  THE  NERVOUS  SYSTEM 

Excopt,  for  the  Hiiporfi(4at  (auicplia.litis  which  a,(i(u)tu|)a.ni(is  h^pto- 
moninf^itis,  I)a,(h(a-ia,  pla.y  a,  riFitivchy  small  part  in  (he.  produe.tioii  of 
acute  ei)w^|)ha, litis,  and  in  the  ruajority  of  cases  the.  ea.usa,I  a,ti,-ent  is  a 
virus.  I’his  can  sometinH^s  be  frrown  outside  the  body  on  the  (horio- 
ailla.ntoie  membraiuiof  dcv(dopin<r  ef^ijs  or  in  tissue-eultaire,  but  in  no 
(^aso  apart  from  living  <udls.  Oertahi,  viruses  have  a,  spc'e.ia,!  allinity 
for  the  nervous  system  and  Ixmoine  uddedy  distributed  throughout  it 
though  their  clinical  offeets  may  appear  t.o  be  moix;  loc^alisc'd.  Acute, 
anterior  poliomyelitis  is  a.  good  <c\a.tn])l(^  of  such,  an  oeeui’rcme.o  ;  the 
virus  is  widely  disseminated  but  tlu'.  specific,  (h^staaudton  of  the  lower 
motor  neurons  usually  dominates  tlu^  clinical  pictur<u  Mvdrophobia 
(rabies)  is  another  virus  disease  of  the  brain,  but  infla.niina.tory  cha,uveR 
in  the  spinal  cord  are  less  in  evidence,  'riius  a,  st.rict,  aiiiatomical 
separation  into  affections  of  the  bra.in  and  of  tlu^  s])ina,l  cord  is 
impossible.  Within  recent  y('a.rs  otluu'  forms  of  (uute.pha.litis  and 
myelitis  have  been  recogniscul,  sometimes  cKunuring  in  ('pidemic  form, 
e.g.  lethargic  encephalitis,  .St.  Louis  enc('pha.litis,  (d.c^,  and  froni 
certain  of  these  also  virusi^s  ha.ve  bemi  ri'covcur'd,  grown  outside  the 
body  and  successfully  traiismittod  t.o  aninuds.  Another  importa.nt 
variety  of  nervous  di.siaise  whie.h  ma.y  (xnarr  (dther  spont.a.n(H)usly 
or  as  a  sequel  to  certain  virus  infeihions  is  the  t.ype  e.olh'ctivudv  known 
as  demydinating  encepJwlUis-,  hut  in  this  foiun  t.lie  diree.t  participation 
of  a  virus  in  the  etiology  is  uncerta.in  and  tluy  a, re  the  subject  of 
separate  consideration  (p.  754). 

The  differentiation  of  tlu*  various  forms  of  virus  (uici'phalitis  is 
attended  with  considerable  dilficulty  a, ml  tlu^  s(q)a,ra.tion  of  one  from 
another  depends  largely  upon  their  conditions  of  ociuirrenoe,  clinical 
featuies,  and  the  characbw  and  distribution  ol  the'  h^sions,  but.  a.bovo. 
all  on  the  results  of  cross-immimity  and  s(u-ologie,al  protection  tests 
in  susceptible  animals. 

A  feature  of  special  interest  is  that  in  many  instances  it  has  been 
demonstrated  that  the  virus  ma.y  spread  a.loug  tlui  mu’vc's  from  the 
periphery  to  the  brain  or  in  tlu^  op|)osite.  direction.  It  has  long 
been  known  that  the  virus  of  rabii^s  spreads  in  this  wa,y  a, ml  a.lso  th.e 
virus  of  poliomyelitis,  but  the  extent  to  which  a  virus  ma.y  become 
disseminated  has  been  recognised  only  in  rmjciiit  times. 

Encephalitis  Lethargica  or  Epidemic  Encephalitis.  I.liis 
affection  is  a  good  example  of  an  acute  non-.su|)purative  inflam¬ 
mation  of  the  brain  substance.  Between  1!)15  ami  lf)2()  it  occurred 
in  epidemics  in  various  parts  of  the  world  hut  huiS  now  disappeared. 
The  mode  of  infection  is  not  known  ami  ther<^  arev  (comparatively  few 
instances  of  its  passing  directly  from  om^  pei'son  to  anof.luu’,  but  its 
features  are  strongly  suggestiveof  a  viral  origin,  dhuusymptonis  indicate 
a  general  affection  of  the  brain — ^pyrexia,  drowsinciss  and  dedirium 
being  present ;  there  is  usually  a  general  weakness  of  muscular  power, 
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along  with  more  or  less  lethargy,  hence  the  name  originally  applied.  In 
addition,  there  may  be  local  symptoms  due  to  implication  of  the  oculo¬ 
motor,  facial  and  other  nerves,  and  sometimes  there  is  nystagmus. 

The  mortality  varies  in  different  epidemics,  but  averages  about 
25  per  cent.  Amongst  the  non-fatal  cases,  however,  residual  symptoms, 
more  or  less  permanent,  occur  in  a  considerable  proportion.  A  group 
of  these  symptoms,  or  a  syndrome,  including  tremor,  rigidity  and 
loss  of  associated  movements,  is  described  as  of  the  Parkinsonian 
type  owing  to  a  resemblance  to  ^paralysis  agitans  which  was  first 
described  by  Parkinson.  Immobile  facial  expression  is  of  common 
occurrence,  as  are  also  excessive  salivation,  emotional  disturbances 
of  various  kinds,  etc.  Very  noteworthy,  especially  in  children,  is 
a  loss  of  moral  sense  with  a  tendency  to  violent  actions. 

The  Strtjctijeal  Changes  are  of  a  definite  kind.  Post  mortem, 
at  the  acute  stage  there  is  usually  a  marked  congestion  of  the  lepto- 
meninges,  especially  over  the  pons  and  medulla  and  lower  parts  of 
the  brain,  and  occasionally  minute  hsemorrhages  are  present.  In¬ 
tense  congestion  is  to  be  found  throughout  the  substance  in  the  parts 
mentioned,  and  here  also,  minute  haemorrhages  and  even  points  of 
softening  may  be  present.  In  some  cases  the  naked-eye  changes  are 
pronounced,  but  in  others  they  may  be  comparatively  little  marked, 
especially  at  a  later  period  of  the  disease.  They  are  often  noteworthy 
in  the  region  of  the  floor  of  the  fourth  ventricle. 

Microscopic  Examination  shows  that 
the  lesion  is  of  acute  inflammatory  char¬ 
acter  with  damage  to  the  nervous  elements, 
although  the  changes  present  in  any  case 
depend  upon  its  duration  and  severity.  In 
very  severe  cases,  with  death  at  an  early 
peiiod,  damage  to  the  vessels  and  the 
nerve  cells  is  the  outstanding  feature  ;  but 
leucocytic  emigration  soon  occurs  and  in 
less  acute  cases  comes  to  be  of  marked 
degree.  The  effects  on  the  blood  vessels 
are  shown  by  the  intense  congestion,  by 
hjemorrhages  both  into  their  sheaths  and 
into  the  tissues  around,  and  sometimes  by 
actual  thrombosis  ;  occasionally  part  of  a 
vessel  wall  may  appear  swollen  and  hya¬ 
line,  as  if  it  were  becoming  necrotic  (Fig. 

447).  Many  nerve  cells  show  chromato- 
lysis  and  other  signs  of  degeneration,  and 
some  may  be  seen  in  process  of  being 
attacked  by  phagocytes  ;  and  it  has  been 
shown  that  many  nerve  cells  may  be  des¬ 
troyed.  The  leucocytes  which  are  present 
are  chiefly  lymphocytes  along  with  a  few  plasma  cells,  and  they 

BB* 


Fig.  447. — ^Encephalitis  leth- 
argiea  in  early  acute  stage, 
showing  (a)  hyaline  swell¬ 
ing  in  and  around  walla  of 
blood  vessels ;  (6)  extrava¬ 
sation  of  red  corpuscles. 
X  170. 
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appear  first  of  all  around  tlie  blood  vessels,  especially  tlie  minute 
venules  ;  accumulation  of  tlxcse  cells  increases  as  time  goes  on,  and 
ultimately  they  may  form  distinct  sheaths  to  the  vessels  (Fig.  448). 
They  occur  also  around  the  capillaries  and  are  sometimes  diliiisely 
arranged  in  the  intervening  tissues.  The  meuroglial  tissue  may  show 
loss  of  outline  and  signs  of  softening,  whilst  in  the  less  acute  cases 
neuroglial  overgrowth  and  thickening  ixiay  be  present.  Although 
such  changes  are  most  frequently  met  with  in  the  pons  and  medulla, 
they  have  been  found  also  at  higher  levels,  for  example  in  the  basal 
ganglia  and  in  the  cortex.  Infiltration  of  cell  s,  similar  to  those  descri  bed, 
occurs  also  in  the  soft  membranes. 


The  eerebro -spinal  fluid  may  bo  quite  normal  but  usually  there  is  a  lympho* 
cytosis  of  10-100  or  even  more  cells  per  c.mm.  As  a  rule,  polymorpho -nuclear 
leucocytes  are  absent  but  a  few  have  been  found  in  a  small  i^roportion  of  cases. 
An  increase  of  the  cells  is  not  xisually  accompanied  by  any  distinct  change  in 
the  total  protein  or  in  the  globulin.  This  is  an  example  of  the  so-called  cell- 
protein  dissociation,  the  opposite  condition,  increase  of  globulin  witliout  increase 
of  cells,  being  found  in  Nonne’s  compression  syndrome.  The  Lange  colloidal 
gold  test  as  a  rule  gives  some  reaction,  usually  a  eiirvo  of  the  luetic  type  but 
sometimes  of  the  parotic  type  (Greenfield). 


The  histological  changes  which  have  been  often  associated  with 
Parkinsonism  are  chiefly  centred  in  the  substantia  nigra  in  the  crura 
cerebri  and  may  have  relation  to  the  bilateral  rigidity  which  is  often 
present  (McAlpine).  They  consist  in  disappearance  of  a  considerable 
proportion  of  nerve  cells,  with  chromatophilic  and  other  de¬ 
generative  changes  in  some  of  those  surviving,  increase  of  neu¬ 
roglia  with  new  for¬ 
mation  of  vessels; 
perivascular  infiltration 
of  leucocytes  may  still 
be  present.  The 
changes  suggest  that 
they  are  not  merely 
the  result  of  damage 
done  in  the  acute  stage 
but  that  they  are  due 
to  a  persistence  of  the 
virus  in  the  tissue  of 
the  brain.  Changes  in 
adjacent  parts,  e.g.  the 
lentiform  nucleus,  have 
been  met  with  but  they 
have  been  irregular  in 
their  distribution  and 
slight  in  degree.  The  lesions  in  the  substantia  nigra  are  supposed  to 
interrupt  fibres  from  the  globus  pallidus  which  pass  directly  or 
through  other  centres  to  the  lower  motor  neurons  in  the  spinal  cord. 


Fig.  448. — Section  of  posterior  part  of  medulla 
in  encephalitis  lethargica,  showing  the  exten¬ 
sive  perivascular  infiltration  of  lymphocytes 
and  plasma  cells,  x  170. 
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This  results  in  the  loss  of  the  inhibiting  and  controlling  influence  on 
movement,  and  thus  the  rigidity  which  is  a  characteristic  feature  of 
the  disease  results.  In  this  respect  there  is  an  analogy  to  what  is  seen 
in  lenticulate  degeneration  (p.  701). 

Encephalitis  lethargica  •  was  the  first  pandemic  encephalitis  in 
modern  times  and  its  sudden  appearance,  rapid  pandemic  spread  and 
subsequent  disappearance  are  not  its  least  mysterious  features.  It 
is  generally  accepted  that  it  is  a  virus  infection  but  proof  is  lacking, 
all  attempts  to  transmit  the  disease  to  animals  having  failed,  The 
few  positive  results  reported  appear  to  have  been  due  to  contamination 
with  the  virus  of  herpes  simplex,  which  is  a  very  common  latent  virus 
in  man  and  is  pathogenic  for  many  lower  animals  (see  p.  753). 
Herpetic  encephalitis,  however,  presents  different  features. 

More  recently  several  other  forms  of  encephalitis  have  been  proved  to  be 
due  to  infection  of  the  nervous  system  by  viruses,  some  of  which  also  cause 
infections  in  animals,  from  which  they  may  be  conveyed  to  man  by  insect  vectors. 
Many  of  these  present  pathological  features  very  similar  to  those  of  lethargic 
encephalitis.  A  brief  mention  of  the  chief  of  these  disorders  follow^s — 

In  St.  Louis  encephalitis,  called  after  the  place  of  its  occurrence  in  1933,  the 
meningeal  reaction  is  greater  and  inflammatory  foci  are  more  abimdant  in  the 
cortex  and  in  the  spinal  cord  with  more  severe  neuronal  destruction.  It  has  a 
high  mortality,  affecting  chiefly  adults  but  also  children,  and  the  latter  on 
recovery  may  be  mentally  retarded  and  show  hydiucephalus.  It  is  readily 
transmissible  to  monlceys  and  to  mice  and  is  probably  spread  by  mosquitoes 
in  the  late  summer.  The  virus  is  distinct  from  that  of  other  infections.  Epizootic 
equine  encephalitis,  Australian  X-disease  and  Japanese  B  encephalitis  are  other 
forms  of  meningo -encephalitis  which  present  similar  pathological  features,  and 
the  virus  of  the  latter  two  may  be  identical.  Louping-ill  is  a  virus  encephalitis 
of  sheep  transmitted  by  the  tick,  Ixodes  ricinus  :  occasionally  the  virus  infects 
man,  chiefly  laboratory  workers  handling  infected  materials,  and  it  is  related 
to  that  of  Russian  Far  East  encephalitis. 

Wallgren’s  acute  aseptic  meningitis  comprises  more  than  one  distinct  virus 
disease.  One  of  these  is  the  lymphocytic  meningitis  which  may  complicate 
glandular  fever  (infectious  mononucleosis,  p.  538)  ;  another  is  benign  lymphocytic 
chorio -meningitis  (p.  725). 

Rabies  or  Hydrophobia.  In  this  disease,  changes  occur  in  the 
nervous  system  like  those  in  epidemic  encephahtis  but  of  less  degree. 
The  virus  passes  along  the  nerves  from  the  primary  lesion,  usually 
a  bite  of  a  rabid  dog  or  in  the  West  Indies  of  a  vampire  bat,  to  the 
central  nervous  system.  The  histological  changes,  which  are  specially 
marked  in  the  nuclei  of  the  medulla,  though  occurring  also  in  other 
parts,  consist  in  caDihary  congestion  with  small  haemorrhages,  chromato¬ 
lysis  and  other  degenerative  changes  in  the  nerve  cells,  and  a  certain 
amount  of  perivascular  lymphocytic  infiltration.  There  is  nothing 
characteristic  in  the  histological  picture  and  recognition  of  the  nature 
of  the  disease  rests  largely  upon  the  detection  of  peculiar  structures 
called  '  hTegri  bodies  ’  within  the  protoplasm  of  nerve  cells  and  their 
processes.  Although  met  with  in  all  parts  of  the  brain  they  are 
specially  abundant  in  the  cells  of  the  hinpocampus  major  or  cornu 
Ammonis  and  the  Purkinje  cells  of  the  cerebellum,  and  can  be  readily 
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foimd  in  histological  sections  or  smear  ;})i’(4)arations  Irom  tJiese  parts 
They  vary  greatly  in  size,  measuring  O-f)  -25  //,,  and  aix^  roundxMl,  oval 
or  somewhat  angular  in  form.  i:^hey  are  composed  of  a,  immogeiieous 
substance  in  which  small  round  or  oval  bodies  or  granuhitions  are 
present.  In  preparations  stained  by  Giemsa\s  method  or  by  eosin- 
methylene- blue,  the  bodies  are  coloured  in  varying  tints  but  have 
on  the  whole  an  affinity  for  eosin.  'Oie  nerve  cells  afiected  may 
otherwise  appear  comparatively  healthy.  Opinion  still  varies  regard¬ 
ing  the  nature  of  the  Negii  bodies.  Oiu^  vi(n\^  is  i.luit  tliey  represent 
products  of  reaction  or  of  d(^gen(’!ration  around  tlu's  virus  within  the 
nerve  cells.  Another  put  forwar-d  more  recxaitly  is  tlait  they  really 
consist  of  masses  or  aggregate's  of  minute  ‘  (4('menta,ry  corpuscles  ’ 
representing  the  virus.  Thv.  important  prantic.at  poiiit  is  that  they 
are  specific  to  rabies. 

Acute  Anterior  Poliomyelitis  or  Infantile  Paralysis.  T\\q 
lesion  in  this  disease  may  Ix',  said  to  Ix'.  a,n  a, (ado,  inlhunmat^oiy  (condition 
affecting  chkffiy,  though  not  (\X(‘.lusiv('ly,  tiu^  anlorioi*  c.oiMuia,  and 
leading  to  destruction  of  the  motor  lU'urons,  witli  (‘-orre^s ponding 
paralysis  and  atrophy  of  tlu'.  redatod  musc^hvs.  hop  a,  eonsid(u‘able 
time  it  has  been  known  thaf  it  may  ocxuir  in  ('pidcmiicis,  a,nd  durim^ 
the  great  outbreaks  of  tlu^  discxisc^  in  hlurope  and  Artunahvi.  about  1907^ 
it  was  conclusively  prov<xl  to  b(^  an  iirfiuttivc^  eondilion  pixxiucod  by 
a  filterable  virus,  of  wliich  scweral  sti'ains  ha,vc  now  Ixx'n  distinguished. 
The  disease  can  be  produced  in  monkevys  by  iruxvulatiou  with  emulsion 
of  an  affected  (‘Oid,  etc.  Whik'  iidtra/cu'rebr’al  inj('(*ti<)n  is  thct  most 
certain  method,  other  routes  ar('  also  smxu'sslul,  ccg.  intrapc'rit/onoal 
sub  cutaneous,  cutaneous,  also  by  fcx'diiig,  or  swahbing  tlu'  plnryiix 
or  nose  with  the  virus.  It  has  i)een  shown  tlmt  thc^  virus  is  j)rcsent 
in  the  nasal  mucus  of  a  person  suffering  Irom  tin's  disease  and  also 
in  the  tonsils  and  lymph  nodes  and  in  the  fa'ces.  41ie  infection 
reaches  the  central  neiwous  systcun  by  puissiug  from  the 
periphery  via  the  nerves,  Fl(',xn(u'  oi-igin'aJly  belicwed  tlmt  the  chief 
route  of  entry  was  from  the  upper  respira-tory  tra(d<  and  ilxue  is  no 
doubt  that  operations  on  thc^  throat  in  diiklren,  e.g.  tonsilleedomy, 
provide  ready  access  of  the  virus  to  ncuwc'!  fibres  along  whirih  it  aisconds 
to  the  medulla,  a  specially  dangerous  lorm  ol  tlu',  discxisc  theu)  jx'sulting. 
In  the  ordinary  type  of  (sase,  howcwt'r,  ineenf,  work  has  tended  to 
emphasise  the  importance  of  infection  (mttu’ing  by  tlu'  alimentary 
canal. 

Steuotitbal  Chakges.  The  disease  affects  especially  the  lumbar 
and  cervical  enlargements,  and  these  in  an  asymmetrical  manner. 
On  naked-eye  examination  of  the  cord  in  an  acute  case,  there  is  little 
to  be  observed  beyond  irregular  congestion  of  the  membranes  over 
the  affected  part  of  the  cord,  and  a  similar  condition  of  the  anterior 
^rnua  which  may  be  attended  by  some  softening  and  hiemorrhage. 
On  microscopic  examination  there  is  found  a  pretty  extensive 
inflammatory  condition  of  the  leptomeninges,  with  infiltration  of 
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lympliocytes,  plasma  cells,  and  some  polymorpho-nuclear  leucocytes, 
but  with  no  fibrinous  exudate,  as  a  rule.  The  condition  is  present 
along  the  nutrient  vessels,  especially  the  anterior  arteries  and  their 
branches,  leucocytes  being  abundant  in  their  sheaths. 

In  the  anterior  cornua,  where  the  lesion  is  always  most  marked, 
there  is  much  congestion  and  oedema  along  with  the  cellular  infiltra¬ 
tion  ;  some  of  the  minute  vessels  may  be  thrombosed  and  small 
capillary  hemorrhages  are  not  uncommon.  The  vascular  disturb¬ 
ances  are  sometimes  specially  prominent.  The  nerve  cells  are  affected 
in  varying  degree.  Certain  of  them  undergo  degeneration  and  necrosis, 
lose  their  structure  and  disappear,  some  becoming  the  prey  of  phago¬ 
cytes  ;  myelin  sheaths  and  axis  cylinders  become  disintegrated  in  a 
similar  way.  Other  nerve  cells  show  varying  degrees  of  chromatolysis, 
though  it  is  remarkable  how  little  altered  some  of  them  are,  even 
when  surrounded  by  inflammatory  change.  There  may  be  little 
change  in  the  adjacent  white  matter  beyond  leucocytic  infiltration. 
The  infection  tends  rather  to  spread  upwards  and  downwards  in  the 
grey  matter,  so  that  this  may  be  seriously  involved  through  several 
segments.  In  very  intense  cases,  necrotic  change  rather  than  leucocytic 
infiltration  may  be  the  main  feature  and  may  affect  patches  of  the 
grey  matter.  Although  the  damage  done  is  mainly  in  the  anterior 
cornua,  minor  lesions  occur  in  the  grey  matter  in  other  parts. 

The  lesions  are  usually  much  more  widespread  in  the  nervous 
system  than  might  be  thought  on  the  basis  of  clinical  signs,  and  the 
neurons  of  the  formatio  reticularis  of  the  medulla  are  probably  always 
the  seat  of  damage,  which  may  in  part  account  for  the  spasm  of  many 
non-paralysed  muscles.  Sometimes  the  virus  affects  severely  the 
motor  nuclei  in  the  medulla  and  acute  bulbar  paralysis  then  supervenes. 
There  are  also  lesions  in  the  cortex,  characteristically  localised  to  the 
motor  and  premotor  areas,  but  there  is  no  generalised  involvement 
of  the  cortex  as  in  other  types  of  virus  encephalitis  ;  the  distribution 
of  the  lesions  is  thus  quite  distinctive. 

Pathology  of  the  Disease.  The  chief  mode  of  spread  of  the 
virus  is  along  the  nerve  fibres.  The  view  formerly  held,  that  dis¬ 
semination  of  the  virus  occurs  by  the  cerebro -spinal  fluid,  has  been 
discredited. 

Important  results  have  been  obtained  by  experimental  methods 
with  regard  to  the  spread  of  the  poUomyehtis  virus  in  monkeys.  It 
has  been  shown  that  when  the  virus  is  inoculated  into  a  cerebral 
hemisphere  it  spreads  downwards  throughout  the  cord,  the  path  being 
by  the  axis  cylinders  (Fairbrother  and  Hurst).  The  vkus  has  a 
special  affinity  for  the  neurons  of  the  enlargements ;  it  there  first 
damages  the  nerve  cells,  leading  to  death  of  many  of  them,  and  then 
the  vascular  changes,  leucocyte  emigration  and  meningeal  inflamma¬ 
tion  occur.  The  virus  is  specially  abundant  where  lesions  have 
developed.  Hurst  also  found  that  when  the  virus  is  injected  into  the 
sciatic  nerve,  lesions  first  appear  in  the  lumbar  enlargement  on  the 
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same  side  ;  the  virus  then  spreads  upwards  to  the  corresponding 
centre  in  the  hemisphere  on  the  other  side.  It  is  dct(iete<l  there  before 
it  a])})((ai's  in  the  cervical  enlargement.  It  may  be  a^hh'd  ihat  it  may 
he  ju'csent  in  certain  parts,  notably  the  cerebral  hemis|)lK>i'(‘s,  when 
th(‘fe  arc^  practically  no  lesions  tlicre. 

Effects.  The  more  acute  changes  usually  pass  off  in  a  few  days, 
and  many  of  the  motor  neurons  which  are  only  partially  damaged 
recover ;  accordingly,  considerable  diminution  in  the  amount  of  the 
paralysis  may  occur  at  a  later  stage.  The  destructive  lesions  in  the 
cord  are  followed  by  an  absorption  of  the  degenerated  material  and  by 
a  proliferation  of  the  neuroglia  cells,  with  subsequent  gliosis.  Gradu¬ 
ally  the  affected  parts  shrink,  and  if  the  lesion  has  been  a  severe 
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one,  a  distinct  difference  between  the  two  anterior  cornua  may  be 
distinguished,  even  with  the  naked  eye ;  the  anterior  nerve  roots 
also  become  wasted. 

In  view  of  the  lesions  above  described,  the  effects  in  the  peripheral 
nerves,  muscles,  etc.,  can  be  readily  understood.  There  is  a  rapid 
onset  of  paralysis  in  the  related  muscles,  though  this,  as  already 
explained,  may  in  part  pass  off*  Wallerian  degeneration  occurs  in 
the  axons  of  the  destroyed  nexirons.  The  permanently  affected  muscle 
fibres,  soon  give  the  reactions- of  degeneration  and  undergO'  rapid 
wasting,  the  usual  atrophic  and  interstitial  changes  occurring  in  them. 
Owing  .to  the  unopposed  action  of  the  unaffected  muscles,  ,deform,ities 
of  the  limbs,  including  various  forms  of  club-foot,  etc,,  are  brought 
about.  The  bones  in  the  affected  limbs  may  show  atrophy,  being 
reduced  both  in  thickness  and  in  density  (Fig.  84). 
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Until  comparatively  recently  poliomyelitis  was  a  disease  affecting 
in  urban  communities  young  children  almost  exclusively,  'whereas 
in  sparsely  populated  rural  areas  there  were  proportionately  more 
cases  in  older  subjects.  Recent  observations  have  indicated  that 
infection  with  the  virus  of  poliomyelitis  is  much  more  prevalent  than 
was  formerly  suspected.  Most  cases,  however,  suffer  merely  from  an 
indefinite  febrile  illness  and  the  development  of  severe  nervous  lesions 
may  be  determined  by  factors  such  as  muscular  fatigue  during  the  initial 
stage  of  the  illness  or  local  tissue  damage,  e.g.  by  intra-muscular 
injection.  Accordingly  where  there  is  a  high  proportion  of  young 
children  among  the  oases,  it  may  be  that  the  majority  of  adults 
are  immune  as  a  result  of  previous  non-paralytic  and  subclinical 
infections.  The  rise  in  the  proportion  of  adults  affected  in  recent 
years  is  perhaps  a  reflection  of  improved  hygiene,  which  has  resulted 
in  a  greater  number  failing  to  become  immunised  and  thus  con¬ 
stituting  an  increased  element  at  risk  among  the  higher  age  groups. 
This  change  in  incidence  has  not  been  shared  by  more  primitive 
communities. 

In  the  cerebro-spinal  jfiuid  there  is  usually  at  first  a  marked  increase  of  cells, 
the  numbers  sometimes  exceeding  500  per  c.mm.  ;  as  a  rule  the  majority  are 
polymorphomuclears  and  the  percentage  of  these  may  be  very  high.  Later, 
there  is  a  gradual  fall  in  the  number  of  cells,  the  polymorpho-nuelears  usually 
disappearing  after  a  time  so  that  lymphocytes  predominate.  The  protein  at 
first  is  little  changed,  but  afterwards  there  is  a  considerable  increase  and  there 
may  be  the  formation  of  a  fine  fibrin  web.  The  cellular  reaction  is  thus 
different  from  that  seen  in  encephalitis  lethargica. 

Landry's  Paralysis.  According  to  the  original  description  this  affection  is 
an  acute  ascending  motor  paralysis  without  gross  lesion  in  the  nerves  or  spinal 
cord,  commonest  in  young  addlt  males  and  coming  on  suddenly  without  definite 
relation  to  any  pre-existing  condition.  The  motor  paralysis  appears  first  in  the 
lower  limbs  and  extends  upwards,  death  usually  resulting  from  implication  of 
the  higher  nuclei.  Sensory  disturbance  is  absent  or  only  slight.  Cases  of  this 
nature  are  comparatively  rare,  and  in  those  examined  by  modern  methods, 
little  has  been  foimd  beyond  congestion  of  spinal  grey  matter  and  a  certain 
amount  of  chromatolysis  of  the  motor  neurons,  especially  in  the  lower  part 
of  the  cord — no  destructive  lesion  has  been  present.  This  result  would  point 
to  the  action  of  a  toxin  leading  to  paralysis  of  the  nerve  cells — an  effect,  one 
might  say,  of  a  nature  opposite  to  that  produced  by  tetanus  toxin.  The  general 
characters  of  the  disease,  and  the  fact  that  enlargement  of  the  spleen  and  lymph 
nodes  has  been  observed  in  some  cases,  indicate  that  the  disease  may  be  of 
the  nature  of  an  infection. 

It  is  probable  that  the  clinical  picture  may  result  from  a  number  of  different 
causes.  Some  cases  are  due  to  the  virus  of  poliomyelitis  acting  in  a  fulminating 
matter,  others  have  been  found  to  yield  the  virus  of  rabies,  notably  where  the 
infection  was  conveyed  by  the  bite  of  a  vampire  bat.  Acute  ascending  paralysis 
may  also  result  from  fulminating  polyneuritis  ;  such  cases  are  often  very  obscure, 
but  tw<f  conditions  have  been  defined  which  may  simulate  Landry’s  paralysis, 
viz.  the  so-called  acute  infective  polyneuritis  (G-uillain-Barre  syndrome),  and 
polyneuritis  associated  witli  acute  idiopathic  porphyria.  These  conditions  are 
considered  later  (p.  778). 

Herpes  Zoster.  In  its  ordinary  form  this  disease  may  be  said 
to  be  the  result  of  an  acute  inflammatory  lesion  of  the  posterior  root 
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ganglia,  especially  those  in  rela,tion  to  the  iun‘vc‘s  v\'lii(rli  supply  wEito 
rami  to  the  sympathetic  ganglia  ;  a  simihir  a,Meetion  of*  (h'lssoihin 
ganglion  also  is  sometimes  met  with.  Along  th(‘  (U)in\se  of  tho  luuwes 
related  to  the  affected  ganglia,  pain  and  hyi)cvralg(\sia.  ocv.uv  aod  are 
followed  by  erythema  and  the  ff)rma,tion  ot  va^sich^s,  whwh  (u)ntahi. 
a  serous  fluid,  sometimes  with  admixtures  of  i)Io()d.  hi  its  uuxks  of 
onset  and  (sourse,  its  association  with  pyn'xia,,  a,nd  its  incidcuuse^  some¬ 
times  in  epidemics,  herpes  %oster  pres(snts  the  usual  (eaduivs  of  an 
acute  s])ecitic  fever;  immunity  is  a.pparcmtly  (hweloped,  as  a  sexsond 
attack  is  very  Tinusual.  'fhe  dis('a,s(s  pix'scmts  various  points  of 
similarity  to  acute  anterior  |)(;)liomycslit.is,  a,n(l  is  likewise  due  to  a 


Fig.^  450.~~S©ctioa  of  posterior  root  ganglion  in  h©rp(\s  zosi-or,  showitig 
mflamnoatory  infiltration  and  destruction  of  nerve  ecfils.  x  80.  ' 

filter-passing  virus.  Inoculation  of  tlui  rahhiPs  coi'uea  with  vesi(*/l(^ 
fluid  may  result  in  a  keratitis,  though  this  oe-currs  hxss  readily  thadi  in 
the  case  of  herpes  febrilis  (mda  infra).  It  luis  been  shown  by  immunity 
experiments  that  the  viruses  of  the  two  affec:tions  are  distinct. 

The  first  detailed  account  of  the  nervous  lesions  was  given  by 
Campbell  and  Head,  and  the  following  are  the  ehi(d'  (‘.hang(\s.  Tim 
lesion  of  the  posterior  root  ganglia  is  an  aemte  iufla/mmation,  attended 
by  infiltration  of  small  round-cells  whichi  Tna<y  form  densci  aggregations, 
and  by  haemorrhages,  while  the  nerve  cells  are  injuixxl  in  varying 
degree;  inflammatory  change  is  present  also  in  tlie  ca/psule  of  an 
affected  ganglion  (Fig.  450).  Motnetinu^s  the  lesion  is  miiiuly  in  one 
focus,  usually  towards  the  dorsal  aspect  of  the  ganglion,  the  substance 
of  which  may  be  largely  destroyed  ;  sometimes  there  are  multiple  small 
oci.  Many  of  the  nerve  cells  involved  in  the  lesions  undergo  xieorosis 


THE  BRAIH 


753 


and  are  afterwards  destroyed,  whilst  in  other  parts  they  are  practically 
unaffected.  As  a  result  of  the  damage  to  the  nerve  cells,  secondary 
degenerations  shown  by  Marchi’s  method  can  be  traced  along  the 
nerve  fibres  to  their  peripheral  distribution,  and  also  backwards 
through  the  posterior  nerve  roots  and  for  a  distance  upwards  in  the 
posterior  columns  of  the  cord.  At  a  later  period  secondary  fibrosis 
occurs  in  the  various  structures  which  have  been  damaged.  A  herpetic 
eruption  of  similar  distribution  is  sometimes  met  with  also  in  chronic 
disease  of  the  spinal  cord,  for  example,  tabes  dorsalis  or  myelitis. 
It  may  be  produced  also  by  the  spread  of  inflammatory  change  to 
a  ganglion  from  a  lesion  in  the  neighbourhood,  e.g.  caries  of  a  rib, 
and  has  been  found  to  follow  cancerous  invasion  of  a  ganglion. 

It  had  not  been  shown  conclusively  that  any  host  other  than  man 
is  susceptible  to  the  virus  of  herpes  zoster,  which  is  quite  distinct  from 
that  causing  herpes  febrilis  {v.  infra),  but  there  is  an  important  relation¬ 
ship  between  the  virus  of  zoster  and  that  causing  chickenpox  (varicella) 
in  children.  Epidemics  of  varicella  have  been  traced  to  cases  of 
zoster  and  the  two  infections  may  occur  simultaneously  in  a  closed 
community.  Each  infection  is  followed  by  lasting  immunity  against 
a  second  attack,  but  cross-immunity  is  not  complete,  especially  in  so 
far  as  varicella  does  not  confer  immunity  to  zoster.  The  exact 
relationship  between  the  viruses  is,  therefore,  not  yet  clarified. 

Herpes  Simplex,  also  known  as  herpes  febrilis  or  lahialis.  This  is  an  extremely 
prevalent  virus  infection  of  man  ;  the  initial  infection  occurs  in  infancy  as  an 
aphthous  stomatitis,  recovery  from  which  is  followed  by  the  appearance  of 
neutralising  antibodies  in  the  serum.  Thereafter,  in  a  high  proportion  of  persons 
the  virus  persists  in  the  mouth  in  a  latent  state,  but  becomes  active  in  the 
presence  of  pyrexia  due  to  some  other  infection,  notably  lobar  pneumonia  and 
meningococcal  meningitis,  but  it  may  also  be  activated  by  more  trivial  infections 
such  as  the  common  cold.  The  ordinary  lesion  in  man  is  characterised  by  the 
presence  of  reddish  papules  and  vesicles  about  the  muco -cutaneous  junction, 
usually  around  the  mouth,  but  occasionally  elsewhere,  e.g.  on  the  genitalia, 
and  these  soon  undergo  involution  and  healing.  More  rarely  herpes  virus  causes 
kerato -conjunctivitis  and  occasionally  a  herpetic  menin go -encephalitis  occms 
which  shows  the  characteristic  acidophil  intra-nuclear  inclusion  bodies.  Another 
condition  attributable  in  some  instances  to  herpes  virus  is  Kaposi's  VaricelUform 
Dermatitis,  a  severe  vesicular  skin  eruption  which  occasionally  complicates 
infantile  eczema  and  clinically  may  be  mistaken  for  variola ;  about  half  the 
eases  yield  herpes  virus,  others  are  due  to  vaccinia  virus  implanted  on  the  pre¬ 
existing  eczematous  lesions. 

The  virus  of  herpes  simplex  is  pathogenic  for  animals  and  can  be  cultivated 
in  the  chorio-allantoic  membrane  of  developing  eggs.  Inoculation  by  scarifica¬ 
tion  of  the  rabbit’s  cornea  with  the  vesicle  fluid  results  in  a  keratitis,  and  in  a 
certain  proportion  of  cases  the  virus  may  spread  along  the  nerves  to  the  brain 
and  cause  an  encephalitis,  in  which  damage  to  nerve  cells,  leucocytic  infiltrations, 
etc.,  are  prominent  features ;  the  changes  on  the  whole  resemble  those  in  epidemic 
encephalitis  in  the  human  subject.  It  has  recently  been  shown  that  the  virus 
travels  widely  along  the  nerve  fibres  throughout  the  nervous  system,  this  result 
corresponding  with  what  has  been  established  in  the  case  of  the  poliomyelitis 
virus.  Both  in  the  epithelium  of  the  lesions  and  in  the  affected  nerve  cells 
minute  granules  stainable  by  Giemsa’s  method  are  present  and  may  represent 
a  virus.  They  are  chiefly  in  the  form  of  intra-nuclear  eosinophil  inclusions  in  the 
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epiUu'litini,  oIXimi  kiiovvii  as  '  lapscliiitz  bodies.’  Tiio  porsisicnico  of  t.ho  virus  in 
tho  inouib.  of  fi<‘;ill.hy  subjects  provides  a  soiuxh^  of  rallaey  in  (lie  investigation 
o:t  other  virus  (lis(^}is(\s,  a,n(l  provaMl  a  source  of  eiTor  in  tlie  early  investigations 
on  Iot]iiirgi(‘,  (‘ncc'phiilil.is. 

EickeUdfd  JM'epluilUi^  [ii  tatail  (;ases  of  e|)id(vniie  fever 

and  also  in  serrub  typhus,  e,Pi-cbra-I  htsions  in  tlnn  (brni  of  focuil  ence¬ 
phalitis  arc  usually  pix'scnt  ;  they  a,[’c^  of  oa^tina^  siniilai'  to  tliose  in 
other  parts  of  the.  body,  d'liey  are  eonnnomyst  in  the  inednlla,  and 
pons  but  arc  ailso  vvichdy  distril)ut(Ml  (tspcMu'ally  in  tlu^  (*oriiica,l  grey 
inatter,  and  arc  the  result  ol  thc^  virus  (/h('kel(,si(i)  s(‘ttling  in  the 
capillary  endothcdiiim.  Thrombosis  within  i-lu^  a.lle(d/.Ml  capillaries  and 
endothelial  proliferation  them  oeeu\\  whilst  a, round  tbei*e  is  an  active 
enlargement  and  proliferation  of  tho  mosoglial  colls.  Polymorpho¬ 
nuclear  leucocytes  and  other  cells  also  take  part  in  the  roaction.  The 
result  is  the  formation  of  a  minute  tubercle- like,  cellular  nodule. 
Nerve  cells  in  the  vicinity  may  bo  involved  and  become  tho  prey  of 
phagocytes.  These  focal  lesions  are  often  vnvy  riumeroiis  and  no 
doubt  play  an  important  part  in  producing  (icrnbral  symptoms  and  in 
leading  to  death.  A  sev(U‘(‘-  meningoal  rcuud.ion  with  rTK)ii()riviclear 
cell  exudate  is  oftcui  pix'scuit. 


Dh]M.YELlNATIN(l  DlEhJAHME 

This  is  a  conveniei\t  term  to  bring  togcdluu'  a  numbtu-  of  disorders 
which  have  in  common  a  striking  loss  of  tlu^  iny(din  slu^aths  within, 
the  central  nervous  system.  Yhn  group  includes  nv.utn  (‘ouditions 
associated  with  infeetions  and  sonud-inuvs  th(M’(‘  is  (•.oiisiderahh'!  (^(dlular 
exudation;  consequently  they  have  he(ui,  rc^gardcsl  as  iidlaimmaitory ; 
there  are  also  chronic,  disoi'ders  in  which  inllaiiumatory  rciaiC/tion  is 
minimal  and  degenerative  (haug{''S  doniiiuite  tliC!  pietture*: ;  foians 
intermediate  in  both,  (h'nieal  and  paithologicud  leataires  a,r(y  however, 
not  very  rare.  The  (duology  and  patlvogimesis  of  (l(U)iy(‘linati()n,  are 
obscure.  In  the  acute  disorders  it  is  usually  strikingly  j)tu‘ivas(;ular 
in  distribution  and  may  develop  witih,  astonishiiig  rurpidity,  so  that 
the  term  dcute  perivascukir  '>riyehvi()cl(iKiv  is  aippropria»t(‘.  In  the 
chronic  disorders,  on  the  otluu’  hand,  th.(^  l(\sious  ttmd  to  Ix^  focal  and 
not  specially  perivascular.  A  possibles  (hie  to  the  origin  of  (kunyelinat- 
ing  lesions  is  seen  in,  the  o(‘.(‘asi,onal  ocxuimuie-i'i  of  tlu".  tyj)i(uil  changes 
after  protective  anti-rabie  inoculation,  and  e.xpiuhneutal  work  has 
shown  that  demyelination  may  follow  nvpeated  parimtera-l  injection 
of  emulsified  tissues  from,  the  central  nervous  systtun.  Tlu’^  resulting 
lesions  are  thought  to  be  diu^  to  tlu^  av.tion,  of  antihodi(‘s  developed 
against  the  compk^x,  lifioids  of  e.en^braJ  whil<e  ma.tttu‘  a.n(l  tlu^  onset 
of  symptoms  is  Jiasteiuxl  il  the;  (uuulsifitxl  rKU'vous  tissue  is  mixed 
with  lanolin,  paraltiu  and  an.  adjuvant  such,  as  d,(‘,ad  tubm-elc  bacilli 
(Freund). ^  In  monkeys  such  injecitions  have  produced  acute  nervous 
lesions  with  perivascular  demyelination  which  bear  some  resemblance 
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to  the  acute  forms  of  demyelinatiiig  disease  in  man  but  with  a  notably 
greater  degree  of  inflammatory  reaction.  These  experimental  findings 
suggest  that  the  pathogenesis  of  demyelination  in  man  may  lie  in 
the  development  of  some  kind  of  auto-antibody  which  produces 
demyelination  as  a  side  effect ;  an  analogy  might  be  the  haemolysis 
by  the  auto -antibody  developed  in  paroxysmal  hmmoglobinuria  efrigore. 

The  demyelinating  diseases  of  man  may  be  conveniently  divided 
into  (a)  acute  post-infectional  encephalitis,  and  {b)  chronic  ‘  degenera¬ 
tive  ’  disorders  comprising  disseminated  sclerosis,  Schilder’s  disease 
and  neuro -myelitis  optica. 

Post-infectional  Encephalitis 

This  term  may  be  provisionally  applied  to  encephalitis  occurring 
after  various  infections,  as  the  relation  of  the  viruses  concerned  is 
still  undetermined.  Within  recent  years  a  number  of  cases  of  ence¬ 
phalitis  have  occurred  after  vaccination  both  in  this  country  and 
on  the  continent — ^post- vaccinal  encephalitis.  The  cases  have  been 
amongst  older  children  and  young  adults,  usually  after  primary 
vaccination,  and  the  onset  of  the  disease  has  been  about  ten  days  later. 
The  lesions  are  of  the  focal  type,  occurring  mainly  around  the  small 
arteries  and  veins  and  are  widely  distributed  both  in  the  brain  and  in 
the  spinal  cord,  so  that  the  term  acute  disseminated  encephalo-myeMtis 
is  appropriate.  There  is  a  certain  amount  of  leucocytic  infiltration 
both  in  the  perivascular  space  and  also  in  the  tissues  around,  the 
cells  being  chiefly  of  the  non-granular  type.  The  characteristic 
feature  is  the  loss  of  myelin  frojn  the  medullated  fibres  in  the  zones 
around  the  vessels  (Eig.  452).  This  process  of  demyelination  takes 
place  with  great  rapidity,  being  sometimes  almost  complete  within 
four  days,  a  process  described  as  acute  perivascular  myelinaclasis. 
In  this  respect  there  is  a  contrast  to  the  demyelination  met  vdth  in 
Wallerian  degeneration,  which  takes  weeks  to  occur.  The  rapid  demye¬ 
lination  in  post-vaccinal  encephalitis  indicates  the  presence  of  some 
lytic  agenc}^,  but  the  nature  of  this  is  unknown. 

Cases  of  encephalitis  of  similar  nature  have  been  observed  after 
measles  and  influenza  (Greenfield),  smallpox  and  antirabie  inoculation, 
and  it  is  a  striking  fact  that  in  these  the  incubation  period  and  the 
histological  changes  have  been  similar  to  those  in  post- vaccinal 
encephahtis.  The  lesions  are  quite  different,  both  in  character  and 
in  distribution,  from  those  in  epidemic  encephalitis  and  also  from  those 
which  are  produced  in  the  rabbit  by  the  vaccinia  virus.  In  view  of 
these  facts  the  opinion  has  been  adopted  by  some  writers  that  the 
demyelinating  type  of  encephalo-myelitis  is  a  definite  disease  produced 
by  one  virus  and  that  the  various  infections  after  which  it  occurs  act 
merely  as  favourable  conditions  for  the  entrance  of  the  virus.  In 
only  one  case  of  post-vaccinal  encephalitis  was  virus  obtained  which 
produced  the  lesions  of  vaccinia  on  inoculation  (Turnbull  and 
Mackintosh),  but  it  is  possible  that  this  virus  may  have  been  present 
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in  tlie  nervous  system  as  the  result  of  vaeeination,  altliouii;!!,  not  the 
cause  of  the  typical  en(X‘]).h.a litis.  (^a,s(\s  which.  nMiovei'  from  ])ost- 
vaccinal  encephalitis  have  usually  110  ix'siduaJ  I(\sions,  w,h.(a;ea,s  post- 
mc^asles  (aicephalitis  is  more  likel}^  to  iea,ve  sonu^  pcaamiiuait  (humige. 

Ivussiaiii  workers  have  clainuul  th(‘.  isolafion  oF  a,  virus  patiioo;(uh(‘, 
for  mice  From  certain  cases  of  a,(ait('  disscuniiuittal  (uuH^phaJo-myelitis, 
and  tlu^y  state  that  this  virus  is  neutrailis(Ml  l)y  the  sera,  oFotliei*  ])at,ients 
with  dissemina,t(‘d  (uua^pha, litis  and  also  by  tlu^  scu^a,  oFea,S(\s  of  multiple 
scku’osis  ;  virus  (u)uld  not,  however,  b('  isola,t('d  From  i,h(‘  la,tt(‘r  grou}). 
These  interesting  results  av\'a,it  coniirnmtion,  iincl  a,t  present  one  is 


‘Fig.  Em‘.(;>])l.uiUi,is  following 

measles.  Porivascuhir  inflannnn,- 
tory  and  macr-ophag(^  r(^a,ction. 
(Dr.  iT.  .10  Audoraoii.)  125. 


m.o.  >152.  Sitcfion,  of  l)i’ii,in  in,  cii- 
(Hiphaliiis  following  inoaislos, 
showing  vvi(l(\s|H’0}ul  pc^MvaiScnilar 
(hvinyelinatinn. 

(Loyrz  nudhod  Tor  invcdiu Klu'ullm.  J.  H.  A.) 
X  15. 


not  justified  in  coming  to  any  eonc.lnsion  about  the  fiindiunental 
nature  of  acute  disseminated  (nKic^phahi-inyelitis. 

Demyeliiiation  of  suhacut/O  typo  lias  boon  ohsorvod  in.  <logs  sufforing  from 
canine  distemper  and  also  apart  fi*om  t/his  info(;i,i(,)n..  Thoro  is  no  ovidcnco  that 
it  is  caused  by  the  virus  of  distoinpor  (Perdrau  and  Pugh),  'IPho  occurronco  of 
such  a  condition  is  of  special  interest  as  it  occupies  an  intennodiato  position 
between  the  ferns  of  acute  domyolinaiing  oncophalitis  and  the  chronic  conditions 
of  multiple  sclerosis  and  Schildor’s  disease. 

In  newborn  lambs,  the  condifiou  known  as  ^  sway -hack  ’  is  a,n  acute  (Unnyclin- 
ating  disorder  wliu.-h  is  usiuilly  fatal.  It  is  nv’it  with  in  l.ho  offspring  of  ewes 
kept  on  pastures  deficient  in  cofijier,  a,iul  the  administration  of  snuill  amounts 
of  copper  to  the  ewes  boloro  lambing  jirevcnt^s  the  disonha-.  An.  unexplained 
coincidental  finding  is  the  (hwclopment  of  symjitoins  suggcstiv('  of  dissianinated 
sclerosis  in  four  out  of  seven  research  workers  engaged  in  the  study  of  sway- 
back  (Innes). 
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Disseminated  or  Multiple  Sclerosis 

This  interesting  disease  is  characterised  by  the  presence  of  patches 
of  demyelination  and  sclerosis  in  the  central  nervous  system.  It  occurs 
most  frequently  in  early  adult  life,  though  cases  are  met  with  at  both 
an  earlier  and  later  period.  All  observers  are  agreed  that  it  is  not  of 
syphilitic  origin,  and  while  such  conditions  as  various  infective  fevers, 
exposure  to  cold,  excessive  strain,  etc.,  have  been  suggested  as  being 
related  to  the  onset  of  the  disease,  nothing  of  this  nature  has  been 
satisfactorily  established.  The  disease  is  usually  of  slowly  progressive 
character,  while  exacerbations,  apparently  due  to  the  starting  of  new 
lesions,  occur  from  time  to  time.  Optic  atrophy  is  sometimes  met 
with. 

Structural  Changes.  The  diseased  patches  are  scattered  in  an 
irregular  manner  throughout  the  spinal  cord  and  brain.  In  the  latter 
they  occur  especially  in  the  lower  parts — ^medulla,  pons,  mid-brain, 
and  thalami — and  are  less  numerous  in  the  upper  parts  of  the  hemi¬ 
spheres,  where  they  are  often  situated  close  to  the  ventricular  system. 
They  have  sometimes  been  observed  also  in  the  cranial  nerves  and 
in  the  roots  of  the  spinal  nerves.  Recent  lesions  are  often  yellowish 
and  rather  soft,  and  in  more  acute  cases  such  patches  may  constitute 
a  large  proportion  of  the  lesions.  On  section  of  the  older  lesions, 
the  tissue  is  sclerosed  and  has  a  gre}dsh  and  rather  translucent  appear¬ 
ance,  which  forms  a  contrast  to  the  healthy  white  matter  from  which 
it  is  sharply  cut  off.  The  grey  areas  vary  in  consistence,  being 
sometimes  &mer  and  sometimes  less  firm  than  the  healthy  tissue  ; 
there  is  little  or  no  contraction,  and  the  configuration  of  the  affected 
parts  is  well  preserved.  The  patches  are  quite  irregular  in  form  and 
in  distribution,  affecting  white  and  grey  matter  alike.  They  may 
appear  as  islets  surrounded  by  healthy  tissue,  but  sometimes  the 
diseased  tissue  exceeds  the  normal  in  amount,  and  may  surround 
surviving  patches  of  the  latter. 

In  sections  stained  by  the  Weigert-Pal  method,  one  of  the  most 
striking  features  is  the  complete  disappearance  of  the  medullary 
sheaths  in  the  affected  areas,  and  the  sharp  line  of  demarcation  from 
the  adjacent  healthy  tissue  ;  on  one  side  of  the  fine  the  myelin  appears 
quite  healthy,  while  on  the  other  side  it  has  quite  disappeared  (Figs. 
453, 454).  Varying  degrees  of  thickening  of  the  neurogha  are  present, 
but  in  recent  patches  there  is  httle  increase.  The  vessel  walls  are  some¬ 
times  thickened  and  occasionally  leucocyte  infiltration  may  be  present 
around  ;  on  the  other  hand,  the  vessels  may  appear  quite  healthy,  and 
it  is  not  possible  to  relate  the  sclerosis  to  vascular  disease.  Such  are 
the  changes  when  the  disease  is  weU  established,  but  at  an  early  or 
active  stage  the  demyehnation  may  be  less  sharply  demarcated  and  a 
certain  amount  of  leucocytic  infiltration  may  be  present.  A  fact  of 
great  importance  is  that  while  the  medullary  sheaths  are  so 
extensively  destroyed,  the  axis  cyhnders  may  persist,  and  may  be 


758 


TEXT-BOOK  OF  PATHOLOGY 


capable  of  transmitting  impulses  for  a  long  period.  Accordingly, 
the  sclerosed  patches  do  not  usually  lead  to  secondary  ascending  or 
descending  degenerations  in  the  columns  impli,catcd.  At  a  late 
period,  however,  there  may  bo  a  certain  amount  of  destruction  of 
axis  cylinders. 

Nature  of  Disease.  There  seems  to  us  to  be  no  doubt  that 
the  primary  lesion  is  one  of  the  medullary  sheaths  and  that 
the  overgrowth  of  neuroglia  is  secondary.  This  is  shown  by  the 
complete  way  in  which  the  myelin  is  destroyed  in  a  patch,  and 
the  sharp  delimitation  of  the  diseased  from  the  healtliy  tissue  ; 
it  would  be  hardly  possible  for  neuroglial  overgrowth  to  produce 


453. — Multiple  eerebro -spinal 
sclerosis.  Section  through  lower 
part  of  medulla,  X  3. 


Tile  degonerabed  areas  appear  pale. 

(Wolgerb-Fal  method,) 


Fig.  454, ~M  of  schn-osiul  patch  in 
(’©rebro-spinal  s(dnr{)HiH,  Hhowing  the 
sharp  intorruptiou  of  tho  medullary 
sheaths  at  t-he  imirgin,  tho  healthy 
tissue  b(3mg  on  tho  riglit  side,  x  30. 

(\V(Mgn,ri  Ihd  mothud.) 


such  an  appearance.  Furthermore,  in  certain  areas  where  the  myelin 
has  quite  disappeared  there  may  be  little  neuroglial  overgrowth  ;  and 
lastly,  in  such  areas  nerve  cells  and  their  processes  may  have  a 
healthy  appearance.  It  is  now  accepted  that  tlu^  primary  and  essen¬ 
tial  change  is  the  process  of  dernyclinatiou,  and  (p.  750)' it  is  possible 
that  the  causal  agent  is  a  virus,  though  nom^  Inis  Iw.on  isohitccl. 

If  further  work  substantiates  the  chiims  of  Riussiadi  workers  to 
have  demonstrated  in  the  serum  of  patimits  with  multiph^  s<‘,lerosis 
antibodies  which  neutralise  a  virus  derivc^d  from  (‘.asc^s  of  acute 
demyelinating  encephalitis,  this  will  Ix^  strong  presnmjitivc  evidence 
of  the  virus  causation,  but  in  view  of  the  remarkable  results  which 
follow  parenteral  introduction  of  emulsified  cerebral  tissue'  (p.  754) 
it  is  conceivable  that  the  central  nervous  changes  in  multiple  sclerosis 
may  be  an  indirect  result  of  some  other  process  involving  an  antibody 
reaction. 
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The  cerehro- spinal  fluid  in  multiple  sclerosis  may  at  times  contain  slight 
excess  of  lymphocytes,  and  there  may  also  be  increase  of  protein;  but  these 
changes  are  often  absent.  Lange’s  colloidal  gold  test  often  gives  what  is  called 
a  paretic  reaction,  similar  to  that  met  with  in  syphilitic  affections-  The  Wasser- 
mann  reaction,  however,  is  negative,  unless  of  course  syphilis  is  present  in 
addition.  In  the  absence  of  spinal  block  a  paretic  reaction  in  association  with  a 
negative  Wassermann  reaction  is  generally  accepted  as  pathognomonic  of 
multiple  sclerosis. 

The  ejfects  of  the  lesions  on  function  vary  much,  as  the  disease  is  so 
irregular  in  its  distribution,  but  certain  features  are  usually  prominent. 
The  loss  of  the  myelin  sheaths  interferes  in  some  way  with  the  conduc¬ 
tion  of  the  nerve  fibres,  and  voluntary  muscular  movements  take  place 
in  an  irregular  or  jerky  manner — the  so-called  ‘  intention  tremors.’ 
Transient  diplopia,  nystagmus  and  staccato  speech  are  often  present 
and  are  probably  to  be  explained  in  a  similar  way.  Often  the  sclerosis 
involves  the  pyramidal  fibres,  and  thus  a  spastic  condition  of  the 
lower  Hmbs  occurs.  There  are  also  not  infrequently  local  paralyses, 
which  may  pass  off  to  a  large  extent,  and  which  are  probably  to  be 
regarded  as  temporary  pressure  effects  on  the  nerve  fibres  when  lesions 
start  or  become  active  ;  there  may  be  a  certain  amount  of  accompany¬ 
ing  pyrexia.  As  a  rule  there  is  no  muscular  atrophy,  as  the  cells  of 
the  anterior  horns  are  intact,  but  in  one  very  advanced  case  we  found 
distinct  atrophic  changes  in  them. 

Neuromyelitis  optica  is  the  name  given,  to  a  disease  of  adults  characterised 
by  rapid  loss  of  vision  and  the  occurrence  of  extensive  demyelinating  lesions 
in  the  optic  nerves,  cerebral  white  matter  and  especially  in  the  spinal  cord. 
The  disease  rims  a  more  acute  course  than  that  of  disseminated  sclerosis  and 
the  lesions  are  more  severely  destructive,  but  a  considerable  proportion  of  cases 
recover. 

Encephalitis  Periaxialis  Diffusa  :  Schilder’s  disease.  This  condition, 
which  oecui's  in  the  early  years  of  life,  was  first  described  by  Schilder  in  1912, 
and  since  that  time  a  considerable  number  of  cases  have  been  recorded.  It  is 
characterised  by  the  occurrence  of  extensive  areas  of  degeneration  in  the  central 
white  matter  of  the  hemispheres  and  in  its  general  featm^es  has  certain  points 
of  resemblance  to  multiple  sclerosis  (p.  757).  The  myelin  sheaths  of  the  nerve 
fibres  become  degenerated  and  imdergo  absorption,  and  this  process  of  demyelina- 
tion  may  occur  over  a  wide  area.  The  axis  cylinders  also  become  affected  and 
many  disappear  later,  so  that,  milike  "what  occurs  in  multiple  sclerosis,  secondary 
Wallerian  degeneration  in  nerve  tracts  is  common.  Along  with  these  changes 
the  affected  area  is  infiltrated  to  a  varying  extent  by  roimd  cells  chiefly  of 
neuroglial  origin,  and  some  of  these  act  as  phagocytes.  There  are  also  present 
larger  cells  containing  several  nuclei  situated  peripherally — the  so-called  ‘  globoid 
cells.’  There  may  be  also  considerable  perivascular  infiltration  of  lymphocytes. 
It  would  appear,  however,  that  the  process  of  demyehnationis  the  essential  change. 
The  affected  tissue  becomes  greyish  in  colour  owing  to  loss  of  myelin,  and  also 
somewhat  shrunken.  The  disease  usually  starts  in  the  white  matter  of  the 
occipital  lobes  and  spreads  forwards  and  downwards  by  continuity,  though  also 
discontinuously.  Both  lobes  are  affected  as  a  rule.  The  white  matter  of  the 
occipital  and  temporal  lobes  may  be  largely  replaced  by  grey  tissue,  and  islets 
of  the  same  may  be  present  in  other  parts.  The  cortical  grey  matter  and  the 
subcortical  arcuate  fibres  are  spared  to  a  large  extent.  Owing  to  the  extensive 
implication  of  the  optic  radiation  in  the  occipital  lobes,  cerebral  blindness  is 
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a  |)roriiiiicyiit  oar'Iy  symptom  and  cloafnoss  also  may  result  from  iJivolvoment 
of  the  i.(au{)ora.l  lohos.  Intorferoiu^o  willi  the  montal  faculties  and  spastic 
paralysis  may  proscaii..  The  disease,  which  is  also  known  as  (MJJmc  cerebral 
sclerosu,  someiinuys  j-u.ns  a  relatively  acute  course.  Nothing  is  as  yet  known 
witli  regard  to  its  etiology. 


THE  SPINAL  CORD 

Whilst  the  diseases  of  the  spinal  cord  are  of  the  same  nature 
as  those  of  the  brain,  we  find  great  differences  as  regards  the  relative 
frequency  of  different  lesions.  Thus,  for  example,  spontaneous 
haemorrhage  and  softening  from  embolism,  which  are  so  frequent 
in  the  brain,  are  extremely  rare  in  the  cord.  Tumour  growth  also 
is  less  often  met  with,  and  we  may  say  that  tumours  in  the  substance 
of  the  cord  are  specially  rare,  although  it  is  not  infrequently  involved 
by  growths  from  the  nieningcvs  or  i.lu^  b()iu\s.  In  (contrast-,  c(u:tain 
tracts  of  fibres  and  groups  of  luuwc  Cecils  ar(^  oftcui  the  site  of  lesions, 
and  these,  which  form  the  l)asis  of  tiny  midv.fnatic  (ionstitute 

an  important  group.  Owing  to  tiuj  rcdativc^Iy  sinall  size  ol'  tlu^,  cord, 
when  a  gross  lesion  is  present  tlu^  (u)r(l  is  frcnpuMitly  involvcul  in  its 
whole  thickness ;  tliis  is  known  a,s  a.  transv(u‘S(^  Ic^sion. 

Transverse  Lesions.  Such  lesions  may  be  either  slowly  or 
rapidly  produced,  and  may  result  from  pressure  from  outside  or 


from  a  primary  affection  of  the 


Fig.  4:55iL.— Sagittal  section  of  vertebral  coluuui,  skowing  ruptured  dist;  pro¬ 
truding  beneath  the  r>osterior  longitudinal  ligamon.t.  (Nat,  size.) 
B, — Histological  section  of  lesion,  x  2*5.  (Dr.  G.  B.  S.  Koberts.) 


whole  thickness.  Spontaneous  hemorrhage  may  occasionally  produce 
the  effects  of  a  transverse  lesion,  but,  as  has  already  been  said, 
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such  an  occurrence  is  very  rare.  Tuberculous  disease  of  the  bodies 
of  the  vertebrae  is  a  fairly  common  cause.  It  leads  to  marked 
angular  curvature  of  the  spine  and  the  cord  may  be  injured 
mechanically  ;  or,  in  other  cases,  chronic  tuberculosis  of  the  mem¬ 
branes  is  set  up  and  the  spinal  cord  may  undergo  secondary 
softening  at  the  site.  The  effects  of  syphilitic  meningitis  sometimes 
extend  deeply,  and  may  produce  the  results  of  a  transverse  lesion. 

The  cord  is  not  infrequently  pressed 
upon  by  tumours  of  the  vertebral 
column  (Fig.  456).  A  meningioma, 
growing  from  the  membranes,  is 
occasionally  the  cause  of  compres¬ 
sion  (Fig.  471).  Also  the  con¬ 
ducting  functions  of  the  spinal  cord 
may  be  interfered  with  by  an  area 
of  acute  myelitis,  the  symptoms 
then  developing  rapidly,  or  the  inter- 


Fig.  456. — ^Vertical  median  section 
of  the  vertebral  column  in  cervi¬ 
cal  region,  showing  multiple 
nodules  of  sarcoma  pressing  on 
the  cord. 


Fig.  457. — Longitudinal  section  of  pos¬ 
terior  columns  of  spinal  cord  in  pro¬ 
cess  of  degeneration. 

The  degenerated  material  stained  black  by 
Marchi’s  method,  x  170. 


ruption  may  occur  more  gradually  as  a  result  of  a  patch  of  chronic 
myelitis. 

Recently  the  importance  of  rupture  of  an  intervertebral  disc  as 
a  cause  of  spinal  and  radicular  compression  has  been  recognised. 
The  lesion  may  occur  after  relatively  slight  injury  and  the  symptoms 
produced  depend  on  the  direction  taken  by  the  material  extruded 
from  the  nucleus  pulposus.  It  is  commonest  in  the  lumbar  region 
where  it  may  cause  sciatica  by  pressure  on  nerve  roots,  but  it  may 
also  occur  in  the  lower  cervical  region,  giving  rise  to  radicular  pain 
and  spinal  compression.  It  is  rare  in  the  dorsal  region.  The  extruded 
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material  coiiBists  of  fragincyiits  of  degen(‘ra,to  (^ai‘tilage  iimongsi  which 
there  is  sonitdhiu's  iiotochorck^^^  tissue,  a-nd  aj’ound  ttiesc',  iVa,gments 
reactive^  clia-nges  with  foreign,  body  giant~(u61s  nuiy  oe.cair,  giving  rise 
to  a  slowly  enlarging  tuinoiirdike  mass  (Fig.  455,  A  a.nd  .B). 

The  results  of  a  transverse  lesion,  besides  the  local  damage,  are 
ascending  and  descending  degenerations  in  the  respective  tracts 
of  the  spinal  cord.  When  the  lesion  is  recent,  the  degenerations 
are  best  demonstrated  by  Marchi’s  method  or  one  of  its  modifica¬ 
tions,  and  they  begin  to  bo  distinct  about  a  week  after  onset.  The 
degenerated  fibres  appear  black  (Fig.  457),  owing  to  the  fact  that 
their  myelin  does  not  l)ecoine  completely  oxidised  by  the  bichromate 
solution,  and  is  thus  able  to  reduce  pcrosmic  acid.  The  metliod  is 
applicable  until  the  degenerated  myelin  has  disappeared —that  is,  for 
several  months.  In  the  case  of  long-standing  lesions  of  the  spinal 
cord,  Weigert’s  method  or  its  modifications  may  be  employed.  In  this 
group  of  methods  the  normal  myelin  is  stained  darkly,  and  accordingly, 
when  the  degenerated  myelin  has  become  absorbed,  the  affected  tract 
appears  as  a  pale  area. 

Whon  thoro  is  ooruprossion  of  t-lio  sjHna,!  (M)r(l  by  a  gross  lesion,  so  as  to  cut 
off  ilu'i  suhiira,(‘lin()i(i  spano  Ix^low,  tlu'  (*or(’t|)ro"Sj)inal  (hiid  in  Mio  bitrcM*  IxHroinos 
alton^L  'TIkv'o  occui's  a,  gn^a,l.  inc.rcMist^  of  pi’oi.ian  a.nd,  fluid  slows  massive 
coagula.tioii  on  lading  .nvinovod  (Voin  lti<^  body  ;  it  luis  a, Iso  oftcai  a.  yx^llowish 
colour  (xa,nth,oclir()inia,).  Tlu^  colls  may  or  may  not  l)o  in<M*('ia.S(Hl  ;  if  increase 
is  present  it  is  on  tlio  part  of  monouueU'ai'S.  Tlu^sc^  eliang(\s  a.n^  grouped 
under  the  term  ‘  J>l()nne-Froin  syndrome.’ 

Ascending  Degenerations.  If  we  take  as  an  example  a 
comparatively  recent  lesion  at  the  level  of  the  lower  dorsal  region, 


Pig.  458.— Sections  of  spinal  cord  above  transverse  lesion  in  lower  dorsal  region 
stained  by  Marchi’s  method;  the  degenerated  fibres  appear  black. 

{A)  Immediately  above  the  lesion  (the  rounded  degenerated  area  in  front 
is  part  of  the  local  softening). 

(B)  In  cervical  region,  x  ‘bn. 

the  following  ascending  degenerations  are  found  in  a  section  stained 
by  Marchi’s  method,  from  a  part  shortly  above  the  lesion  (Fig.  458,  A). 
The  posterior  columns  show  degeneration,  with  the  exception  of  an 
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H/iea  beliind  tlie  posterior  coinmissiire  where  there  are  chiefly  conamis- 
sural  fibres.  At  a  higher  level,  however,  the  degenerated  area  on 
each  side  recedes  from  the  posterior  horn,  and  in  the  cervical  region 
the  degeneration  is  practically  confined  to  the  internal  half  of  the 
posterior  columns.  Thus  the  fibres  in  the  posterior  columns  are 
arranged  according  to  the  level  from  which  they  come,  the  innermost 
fibres  coming  from  the  lowest  roots.  In  the  cervical  region  the  gracile 
tract  or  Goll’s  column  is  therefore  mainly  constituted  by  fibres  from 
the  lower  extremities,  the  cuneate  tract  or  Burdach’s  by  fibres  from 
the  upper.  (Degenerations  in  Burdach’s  and  Golfs  columns  extend 
up  to  their  respective  nuclei  in  the  medulla,  namely,  the  nucleus 
cuneatus  and  nucleus  gracilis  ;  in  these  nuclei  there  is  a  new  set  of 
neurons,  whose  axons  pass  upwards  chiefly  in  the  medial  leminiscus, 


Fig.  459.^^ — Section  of  spinal  cord,  showing  ascending  degeneration  above  a 
transverse  lesion  produced  by  destruction  of  cord  by  cancerous  growth  at 
tenth  dorsal  segment-  stained  by  Weigert-Pal  method.  The  degenerate 
fibres  appear  |>ale. 

(.4)  A  short  distance  above  the  lesion. 

{B)  In  cervical  region ;  the  degeneration  is  confined- to  Golfs  postero¬ 
medial  colimm. 

in  which  they  decussate — upper  sensory  decussation — ^to  the  lower 
part  of  the  thalami.)  In  the  lateral  columns  there  is  degeneration  in 
the  posterior  spino- cerebellar  tract,  which  arises  from  the  thoracic 
nucleus  and  extends  up  to  the  inferior  cerebellar  peduncle  in  the 
cerebellum.  As  the  thoracic  nucleus  does  not  extend  below  the 
second  or  third  lumbar  segment,  when  the  lesion  is  below  that  level 
there  will  be  no  degeneration  in  the  site  of  the  posterior  spino-cerebellar 
tract.  In  front  of  this  tract,  there  is  a  fairly  large  superficial  area  of 
degeneration  corresponding  to  the  anterior  spino-cerebellar  tract ;  and 
in  front  of  this  again  there  is  usually  a  thin  layer  of  degenerated  fibres 
on  the  surface  of  the  cord  round  to  the  anterior  fissure  (Fig.  458,  B). 
Most  of  the  degenerated  fibres  of  the  anterior  spino-cerebellar  tract 
can  be  traced  up  to  the  middle  lobe  of  the  cerebellum. 

^  Figs.  459,  461,  and  462  are  from  preparations  by  the  late  Dr.  Alexander 
Bruce,  kindly  lent  by  Dr.  A.  Ninieui  Bruce. 


■764 


TEXT-BOOK  OF  PATHOLOGY 


Ill  connection  witii  lesions  of  the  sensory  fibres  in  tlie  cord,  it  is  important 
to  bear  in  inind  the  disposition  of  the  fibres  entering  tlie  cord  at  the  posterior 
nerve  roots.  Tliey  divide  iid,o  lavo  main  portions,  tlie  one  set  Ix^coining  at 
on,(‘(’!  part,  of  Mu’s  {‘.unixi(.(^  tra.ct,  and  wiuai,  l-lu^  postiaior  I’oot  is  injnred  oi'  (h'st  rovinl, 
tk(‘,so  libri's  dogan-MMte  up  t.o  tlu^  lUl,(i(^i  in,  tiu^  naxlulla.  At  a  iov(^l  al)ov(‘  the 
kwioti,  i'lK'So  a,s<‘(MMling  (ihiv'S  a,ro  (*,()iLst.an.(iy  Ixa'ng  disphuaxl  i.owa.rds  tiie  middles 
liiKi  hy  ilu'!  iiu-oining  tiho'S,  as  has  Ixhmi  (^xjilaiiuMh  '.riu^  ot'her  lihii's  of  tluso 
post.erior  roots  pa-is  (a)  t.o  (X'lls  in  t.h(^  a,ntori()r  hoiiis,  conpihd.ing  l.lu^  rc'llox  a.r(*., 
(h)  to  (xils  in  tliora.('io  nnc.linis, a.nd  (r)  t.o  (a'lls  in  tiu^  posterior  lionis.  Ii‘om  tlu^so 
last',  a.st'.ending  six is( ay  fibres  t.a.ko  oiigin  a.nd  soon  ])a.ss  a.c.r()ss  (.Ik*  niiddlo  lino  to 
the  la.toi’a.L  oohunns,  whiax^  l.h,oy  a.scixid  in  l.la^  la.l.ia’a.!  spin,od.li,a.Ia.mi(*  a.nd  ant.ia.’ior 
spino-e,oi’ol)olla.r  t.ra.(ds.  j)(y(Mua’a.t.ion  a.o(*,()i-dingly  d<x's  not  occur  in  tliis  t.ract 
when  iiio  [lostorior  root.s  arc^  cut,  or  vvIkmi,  a.s  in  locomot.or  a.t.a.xia.,  (iuy  a.re 
destroyed  by  disease.  On  the  oi.lier  lia.nd,  (.Ik'si^  (h’icussa.t.ing  (ibr(\s  a.r(^  rr(UjU(Mil.ly 
ini.(M*rupt(xl  by  tlu’)  lesion  round  t.he  c(Mi,tra.l  ca.na.l  in,  syringoniyiiia.  a.nd  in.  tliis 
(*.a.se  s(Misa.l'ion  to  heat  and  to  pain  is  ird.c'.r,lbi-(xi  with,. 

Descending  Degenerations.  T.hcse  are  met  with  in  two  chief 
conditions,  ncunely  {a)  vvhtni  there'  is  a.  tra.nsv('rse  iid-enaipting  h'sioa 
in  the  cord,  and  {!>)  wIumi  the  lesion  is  a.t  a.  higlua*  hnn'I.  In  tlie  (uise 
of  a  trail, ^rer,se  lei^ion.  of  tlu^  e.ord  t.lu'  inosti  tna.rkt'd  (k'gcneration  is  in 
the  crosstal  pyramidal  i^raxhis,  and,  as  siuL  a.  h'sion  is  (ximmonc^st  in 
the  lowt'.r  pa.rt  of  tlu'  e.oi’d,  the  dirmd;  iiynunidaJ  tra.els  a, re  iisiudly 
not  involved.  By  Maix;lii’s  int'thod  tlu're  maiy  lie  set'll  scattered 
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Fig.  460.— Lesions  in  Hemiplegia. 

(J.)  Transverse  section,  of  medulla.  The  anterior  pyramid  on  one  side  is 
degenerated  and  appears  pale. 

(B)  Section  of  spinal  cord  in  tlKiraeic,  region,  Hliiiwiiig  tb<^  degiMunni/cul  crossed 
pyramidal  tract  on  one  side  (from  another  case  with  lesion  on  opposite  side  to  that 
in  jL).  Cal  inolluxl). 

degenerated  'fibres  in  the  siiperfic.ial  ])arts  in  tlu^  lurtt'.rail  (xilmnn  in 
front  of  the  (uxissed  pyramidal  tract,  and  also  in  the  antc'-rior  colimin 
round  to  the  median  fissure,  ddiose  belong  to  tlu^  rubro-spinal  tract, 
which  comes  from  the  red  nucleus,  and  to  minor  bundles  IVom  medulla, 
corpora  quadrigemiua,  and  thalamus.  It  is  to  bc'  noti^l  that  in  sec¬ 
tions  of  the  lesions  at  a  late  stage  stained  by  WedgerFs  nuddiod,  such 
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degenerations  are  not  recognisable,  o-vving  to  the  scattered  arrange¬ 
ment  of  the  fibres. 

ihe  commonest  example  due  to  a  lesion  at  a  higher  level  is  destruc¬ 
tion  of  the  motor  fibres  in  the  internal  capsule  or  destruction  of  the 
motor  cells  of  the  cortex,  softening  being  the  most  frequent  lesion. 
Complete  destruction  of  the  motor  fibres,  with  hemiplegia,  is  generally 
caused  by  a  capsular  lesion,  and  in  such  a  case  there  is  degeneration 
of  the  crossed  pyramidal  tract  on  the  opposite  side  and  of  the  direct 
pyramidal  tract  on  the  same  side  (Fig.  460).  In  addition,  there  may 
be  seen  by  Marchi’s  method  some  scattered  degenerated  fibres  in  the 
crossed  pyramidal  tract  on  the  same  side  as  the  lesion,  that  is,  in 
some  motor  fibres  which  have  not  crossed  in  the  medulla.  As  the 
direct  pyramidal  tract  does  not  usually  extend  lower  than  the  first 
thoracic  segment,  degeneration  in  it  will  not  appear  in  sections  below 
that  level.  It  contains  only  a  small  j)roportion  of  the  fibres,  less  than 
a  tenth,  and  in  a  certain  proportion  of  cases  is  absent  altogether: 


INFLAMMATORY  CHANGES 

Acute  Myelitis,  Acute  inflammation  of  the  substance  of  the 
spinal  cord  attended  with  softening  is  commoner  than  the  correspond¬ 
ing  affection  of  the  brain  (suppurative lesions  being  excepted),  but  our 
knowledge  of  its  etiology  is  very  unsatisfactory.  The  cord  may  be 
injured  by  fracture-dislocation  or  rupture  of  an  intervertebral  disc, 
or  as  a  result  of  disease  of  bone,  as  in  tubercle,  a  '  compression  myelitis  ’ 
then  being  produced  ;  also  inflammatory  or  suppurative  affections  of 
the  meninges  may  involve  the  cord  and  cause  myelitis  of  its  superficial 
parts  to  a  varying  degree.  Apart  from  such  conditions,  however, 
the  nature  of  w’^hich  presents  no  difficulty,  there  is  a  fairly  large  group 
of  cases  of  obscure  nature.  Myelitis  has  been  found  not  infrequently 
to  follow  exposure,  especially  of  the  lo-wer  extremities,  to  cold  and 
wet,  and  such  conditions  may  possibly  affect  the  circulation  of  the 
cord  dnectly  or  make  it  more  susceptible  to  toxic  influences  or 
infections. 

Myehtis  occurs  also  in  bacterial  infections,  fevers,  such  as  typhoid, 
puerperal  conditions,  etc. ;  and  it  has  sometimes  been  found  to  be 
associated  with  gonorrhoeal  infections.  In  such  cases  the  myelitis  is 
set  up  by  way  of  the  blood  stream,  but  to  what  extent  toxic  action  or 
secondary  invasion  by  organisms  is  responsible  is  not  clear ;  though  in 
certain  cases  the  presence  of  typhoid  bacilh,  pneumococci,  streptococci, 
etc.,  has  been  detected.  The  occurrence  of  small  abscesses  in  the 
spinal  cord — suppurative  myelitis — ^is  very  rare.  They  are  sometimes 
met  wdth  in  such  conditions  as  pyaemia,  bacterial  endocarditis, 
septic'  cystitis,  etc. ;  the  suppuration  tends  to  spread  in  the  long 
axis  of  the  cord.  It  is  believed  by  some,  moreover,  that  organisms 
may  reach  the  cord  by  spreading  along  the  sheaths  of  the  spinal 
nerves  in  conditions  such  as  cystitis,  bed  sores,  dysentery,  etc. 
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In  recent  years  the  important  part  played  by  syphilis  in  connection 
with  myelitis  has  come  to  be  recognised,  and,  according  to  Buzzard 
and  Greenfield,  80  per  cent,  of  cases  are  due  to  this  disease.  Syphilitic 
myelitis  may  occur  at  a  comparatively  early  stage,  sometimes  within 
two  years  after  infection,  though,  as  a  rule,  it  appears  later  ;  and  the 
affection  of  the  cord  is  generally  secondary  to  syphilitic  leptomeningitis, 
which  is  usually  more  extensive  than  the  myelitis.  The  resulting 
softening  is  cliiefly  the  result  of  endartcvritis  in  tlu^  small  arterioles ; 
sometimes  thrombosis  is  sup(vrimposed.  8y|)lulitie  myelitis  is  most 
frecfuent  in  tlie  thoracic  region. 

Myelitis  of  various  types  is  often  due  to  viruses.  It  is  usually  of 
the  disseminated  type  and  is  associated  with  similar  lesions  in  the 
brain— that  is,  is  part  of  an  encephalomyelitis.  Not  infrequently, 
however,  lesions  are  more  marked  in  the  spinal  cord  and  paraplegia 
may  sometimes  result.  Acute  d(any(diimting  h^sions  hurve  becsi  met 
with  after  vacici nation  and  va,rious  levers,  such  a,s  smallpox  and 
measles,  but  also  occur  independently  ;  details  witli  I'cgard  to  these 
are  given  in  (u)nne(‘,tion  with  dentyelinating  disc^asc's.  Antmioi'  [)oli()- 
myelitis  (j).  74S),  t-hc  <bicd‘  (‘llec^ts  of  whic^h  aiix^  on  tlu^  ajiiicrior  horn, 
nerve  cells,  is  the  most  importajit  g(m(‘raJ  vii*ns  inha^iion  of  the  ium'vous 
system,  and  ha,s  been  (lescril)tai  a,bove. 

Steuctubal  Changes.  Tlio  appearances  of  tlic  cord  in  acute 
myelitis  vary  much  both  in  severity  and  in  distribution.  Sometimes 
the  disease  is  confined  to  one  or  two  segimmts  transverse  myelitis; 
sometimes  a  considerable  part  of  tlie  cord  is  affe(‘,te<l-  diffuse  ^mjeliiis  ; 
and,  again,  there  may  be  multiple  disUiudy  foci,  sometimes  quite 
small— nvyelitis.  Tlu^  ailecIiHl  j)a,rts  may  Ix^  very  soft, 
and  the  markings,  notably  th(‘.  distiiuition  bed'weam  the  wdiitc  and 
grey  matter,  are  blurred ;  in  extrenu'.  (!a.s(\s  sid)stmuH^  is  quite 
pulpy  and  all  structure  has  disappeared.  In  other  (uis(^s  there  may 
be  merely  areas  of  congestion,  sometimes  attemded  by  small  hromor- 
rhages.  Often,  however,  especially  in  the  disseminated  type,  the 
lesions  are  recognisable  only  on  micros(‘,()])ici  examination.  They  vary 
greatly  in  different  cases  and  further  details  will  bo  found  in  connec¬ 
tion  with  encephalitis  (p.  755).  The  later  stages  are  characterised  by 
secondary  Wallerian  degeneration,  according  to  the  nerve  tracts 
destroyed  by  the  inflammatory  softening  ami  by  overgrowth  of  the 
neuroglia. 

Chronic  Myelitis.  This  can  hardly  be  described  separately 
as  so  many  conditions  are  included  under  the  term.  Characterised 
especially  by  overgrowth  of  neuroglia,  it  may  follow  acute  myelitis,  or 
it  may  be  produced  by  similar  causes  acting  less  intensely  ;  it  is 
common  also  in  the  superficial  parts  of  the  cord  as  the  result  of  chronic 
meningitis.  The  overgrowth  of  neuroglia  secondary  to  systematic 
degenerations,  and  also  that  following  destruction  of  the  nervous 
structures  as  a  result  of  vascular  disease,  should  be  called  ‘  secondary 
sclerosis  '  and  not  myelitis,  though  the  latter  term  is  sometimes  used. 
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Spinal  Meningitis  is  described  above  along  with  cerebral  men¬ 
ingitis  (p.  721). 

Caisson  Disease  or  Diver’s  Palsy.  Alfcliough  this  condition  is  not  in¬ 
flammatory  it  is  convenient  to  consider  it  here  because  if  unrelieved  the  effects 
are  like  those  of  multiple  focal  lesions  which  result  in  numerous  minute  areas 
of  softening  irregularly  distributed  throughout  the  spinal  coi'd.  When  divers, 
or  other  w^orkers  in  compressed  air,  e.g.  in  caissons,  are  brought  back  too  quickly 
to  ordinary  atmospheric  pressure,  they  may  suffer  from  symptoms  of  weakness 
or  paralysis,  especially  in  the  lower  limbs  ;  and  sometimes  actual  paraplegia 
may  be  present.  The  symptoms  usually  pass  off,  but  some  permanent  results 
may  remain.  During  the  exposure  to  the  high  atmospheric  pressure,  the  gases 
of  the  air  become  dissolved  in  increased  amount  in  the  blood  and  then  in  the 
tissues,  and  it  has  been  shown  by  Vernon  that  the  nitrogen  is  specially  soluble 
in  fats,  including  the  myelin  of  the  nervous  system.  When  decompression 
ocexirs  the  gases  again  become  disengaged  and  are  discharged  by  means  of  the 
blood  stream,  but  if  it  is  carried  out  too  rapidly,  bubbles  of  nitrogen  may  form 
in  the  substance  of  the  spinal  cord.  These  bubbles  occur  specially  in  the 
white  matter,  as  can  be  seen  in  sections,  and  this  is  apparently  due  to  the  fact 
that  it  contains  fewer  capillaries  than  the  grey  matter,  by  wiiich  the  gas  may 
be  carried  off,  and  also  to  its  having  absorbed  more  nitrogen.  The  bubbles 
produce  symptoms  by  their  pressure,  and  when  they  are  ultimately  absorbed 
the  latter  may  disappear.  Sometimes,  however,  areas  of  necrotic  softening 
result,  and  this  is  believed  to  be  due  to  blocking  of  capillaries  with  bubbles, 
which  will  not  only  interfere  with  nutrition  but  also  with  absorption  of  the 
nitrogen.  Occasionally  there  is  fat  embolism  (Fig.  23).  The  short  period  of 
time  during  which  the  nervous  elements  can  withstand  deprivation  of  blood 
is,  of  course,  an  important  factor  in  bringing  about  the  lesion.  The  occurrence 
of  caisson  disease  may  be  entirely  prevented  by  carrying  out  the  decompression 
in  suitably  graduated  stages. 


LESIONS  OF  THE  MOTOR  NEURONS 

If  the  neuro-muscular  system  as  a  whole  be  considered,  it  is  seen 
that  it  consists  of  upper  and  lower  motor  neurons  and  the  muscles. 
Lesions  which  affect  muscular  action  may  be  in  any  one  of  these 
and,  further,  may  be  primarily  either  in  the  axons  or  in  the  nerve 
cells  themselves ;  there  are  thus,  to  speak  generally,  five  possible 
sites  of  disease  affecting  the  motor  function.  What  is  apparently 
a  primary  affection  of  the  muscles  is  seen  in  the  group  of  idiopathic 
muscular  dystrophies,  while  primary  affections  of  the  axons  of  the 
lower  neurons  are  seen  in  peripheral  neuritis,  in  the  latter  case  along 
with  sensory  involvement ;  these  will  he  described  later.  We  have 
here  to  consider  the  affections  within  the  spinal  cord,  and  the  dis¬ 
tinction  between  the  lower  and  upper  neurons  is  of  fundamental 
importance.  Lesions  of  the  former  are  characterised  by  paralysis 
attended  by  wasting  and  fiaccidity  of  muscles.  Conversely,  in  lesions 
of  the  upper  neurons  or  of  their  axons,  the  p3rramidal  fibres,  paralysis 
is  accompanied  by  heightened  irritability  of  the  corresponding  lower 
neurons— increase  of  the  deep  reflexes  and  tendency  to  spasm,  but 
without  true  neuropathic  atrophy.  The  two  main  acute  motor  affec¬ 
tions,  namely,  acute  anterior  poliomyelitis  endi  Landry^ s  paralysis,  have 
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already  been  coiiwidered  (]).  751).  A  grouj)  of  diroidc;  d(\i!;tvner<itive 
alfectioiis  oceiii’  in  ecjiiiieetioii  with  five  upfxn-  a.Md  Iowhm;  neurons 
and  different  rianu'S  liavc  been  a|)])lied  accoi’ding  to  the  inahi  symptoms 
namely,  progre-ssive  ni/imyular  atrophy,  amyot/rophic  lateral  sclerosis 
spastic  paraplegia.  I'hese  are  convenicmtly  descril)ed  t( )g(d.her. 

Chronic  Disease  of  the  Motor  Neurons.  The  motor  neurons 
may  be  affected  by  systematic  degenerations,  insidious  in  origin  and 
slow  in  progress.  I'lie  lo\yer  and  upper  neurons  are  affected  to¬ 
gether  in  the  great  majority  of  cases,  and  then  there  is  a  combination 
of  atrophic  and  spastic  conditions,  the  term  amyotrophic  lateral 
sclerosis  being  applied.  In  a  comparatively  small  group  the  changes 
are  chiefly  atrophic,  and  the  main  lesions  are  in  the  motor  cells 
of  the  anterior  liorns,  though  not  confined  to  them  ;  the  condi¬ 
tion  known  as  progressive  muscular  atrophy  then  results.  Though 
cases  are  met  with  clinically  where  spastic  paralysis  without  atrophic 
change  is  present,  it  has  been  questioned  whether  there  is  a  pure 
lateral  sclerosis  due  to  affection  of  the  upper  neurons  alone.  It  would 
seem  that  all  these  conditions  should  be  regarded  as  constituting 
one  affection,  which  varies  in  its  symptomatology  according  to 
the  proportion  in  whicli  tlxe  different  neurons  and  their  axons  are 
involved,  but  nothing  (U^(init(^  is  known  r(^garding  tlieir  (hviology. 
They  occur  in  middle  and  lat(^  adult  lilb,  mucli  niorx'.  fn^rjiumify  in 
men  than  in.  women,  and  whil(,‘  various  (‘-onditions  luw(‘  been  put 
forward  as  causal  fact.ors,  noiU‘,  of  tliese  ari^  regidarly  rdfited  to  the 
origin  of  the  affection.  Theirs  is  a, Iso  no  (wid(‘n(*-e  tlmt  syphilis  is 
a  main  cause  of  these  degenerations  of  the  motor  neurons  ;  but  a 
syphilitic  myelitis  may  lead  to  a,  d(^g(mcM-ath>n  in,  tlu^  pyramidal 
tracts,  which  clinically  may  resxMubk'  a  priimiry  latca'aJ  scl(u,‘Osis. 

Frogri'ffislvc  M-U^seuPtr  Atrophy,  j.ii  (‘.ast's  wIum'o  jUjropliic,  changivs  Jiro  ilio 
oiitstaiidiiig  foururo,  tlu'i  loHioii  is  .nnaduly  a,  (k'.^XMxa'aiiiioiiL  of'  iho 

neurons  in.  the  iiuiUM'ior  Ivorns.  It  usuaJly  stiajrt^s  in.  Oui  ('.ervi(ail,  enlargcMnent 
in  the  neurons  related  to  tlu'i  snuiU  nniseU'is  of'  Oie  h.a.nd,.  '’Idu''  aifr(M'(i(Ml  jnuH(^l.os 
are  tho  seat  of  fibrillar  twiteliin^s  and,  gra.dually,  ahrophy  with,  e.orrosponding 
weakness lollows.  Owing  l^o  tho  slow  progrc'jss,  tla'i  cluingi'i  in  tlu't  .nniscles 

at  any  one  tiim^  is  not  suflieu'iiit;  to  give  ris(^  to  f.lu^  nMudiion  of  d,(')g(au’irarion. 
Th6..thonar  and  liypotluauir  e,minene(\s  l)(H*oimii  .inarkcMlly  wajst('.d,  the  ini'eirossei 
also  become  aflecttul,  a,ud  the  Inind,  assumes  a  c.hara,(‘,t('r'isth^  (ilaw-like  f'onn. 
The  affecdiion  tluai  ext(aLds  to  th,(^  jnuseles  of'  tlu'i  a.r.m  aaid  trliose  ot  tho  shoulder 
girdle  ;  and  as  a.  t'ern\inal  [)luuu)nHuu)n,  tlu^  symptoms  of'  bulbar  pUiralysis  may 
appear.  In.  one  type  of'  tlu^  discnisc^  the  wasting  appciars  firsfr  in  tilui  mu,s(dos 
of  the  shoulder  girdles.  In  Irlu^  a.ntei'ior  horns  c'orri’isponding  to  flu^  wasting, 
the  pro(.'ess  is  a  ])rogr(‘ssiv('i  alropliy  of  t.lu’i  neurons,  vSomn  of  them  luive  dis¬ 
appeared,  while  .many  of  tliost^  namuning  show  slaig(>s  of  a, trophy  ;  ma,n,y  have 
lost  their  processes  aiuL  become  irreguhir,  (,>r  a,r('i  sonu^what  oval  in  form  ;  pig¬ 
mentary  (‘.hanges  ai’(‘.  sometimes  ])ro.min.euti.  There  is  a  ccnl-ain  a.mount  of 
neuroglial  overgrowth,  but  as  a  rule  it  is  not  a  inarkod  features.  '”rho  anterior 
spinal  roots  become  wasted  and  may  appear  so.im^what  grey  and  tliinnor  to  the 
naked  eye,  whilst  in  t.ho  related  muscles  tho  atrophy  e<)rr(>sj)ondH  to  the  affection 
of  the  neurons  and  is  irregular  in  distribution. 

Amyotrophic  Lateral  Hchrosls.  In  tho  (.lasos  edassified  as  progix^ssive  muscular 
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atrophy,  there  is  to  be  seen  in  sections  of  the  cord  stained  by  Weigert’s  method 
a  certain  amount  of  disappearance  of  medullated  fibres  in  the  anterior  horns 
and  in  the  ground  bundles  outside,  and  it  may  be  in  the  crossed  pyramidal  tracts  ; 
this  indicates  some  involvement  of  the  axons  of  the  upper  neurons.  In  cases, 
however,  where  a  spastic  condition  occurs  early  and  is  a  prominent  feature, 
there  is  a  much  more  extensive  involvement  of  the  upper  neurons.  In  addition 
to  the  atrophic  changes  in  the  anterior  horns,  the  crossed  and  usually  also 
the  direct  pyramidal  tracts  are  sclerosed  (Fig.  461),  and  there  is  a  varying  amount 
of  diffuse  degeneration  in  the  anterior  parts  of  the  lateral  columns.  The  changes 
in  the  pyramidal  fibres,  as  a  rule,  start  first  and  are  most  marked  at  their  lower 
extremities,  the  process  then  extending  upwards.  Atrophic  changes,  corres¬ 
ponding  to  those  in  the  anterior  horns,  occur  in  the  motor  cells  of  the  cerebral 
cortex  and  here  also  many  disappear.  It  is  to  he  noted  too  that  the  sclerosis 
of  the  pyramidal  tracts  may  extend  in  the  cord  to  a  lower  level  than  that  at 
which  the“  anterior  horns  are  implicated.  It  would  appear  that  the  two  sets 
of  neurons  are  affected  independently  by  the  same  toxic  agent,  one  or  other 
being  involved  first  and  to  a  greater  degree. 

There  has  been  much  dispute  as  to  whether  a  pure  lateral  sclerosis,  that  is, 
an  affection  of  the  upper  neiuons  alone,  occurs.  In  some  eases  of  amyotrophic 
lateral  sclerosis,  lesions  in  the  lower 
neurons  are  very  slight  and  the  symp¬ 
toms  are  mainly  those  of  involvement  of 
the  pyramidal  tracts,  that  is,  are  of  the 
nature  of  spastic  paraplegia.  But  it 
seems  doubtful  whether  the  lower 
neurons  are  ever  free  from  change,  and 
a  corresponding  statement  may  be  made 
with  regard  to  the  pyramidal  fibres  in 
progressive  muscular  atrophy.  It  may 
be  noted  that  the  symptoms  of  spastic 
paralysis  may  be  produced  by  other 
lesions  involving  the  pyramidal  fibres, 
e.g.  multiple  sclerosis  (p.  757),  chronic 
myehtis  and  other  transverse  lesions. 

One  form  of  the  affection  is  known 
as  Erb’s  sj^philitic  paraplegia.  Such  a  condition,  so  far  as  the  clinical  symptoms 
are  concerned,  might  be  the  result  of  syphilitic  myelitis. 

Bulbar  Paralysis.  In  tliis  affection,  lesions  occur  in  certain  motor  nuclei  in 
the  medulla,  of  a  nature  similar  to  those  in  the  cord  in  the  diseases  just  described. 
In  fact,  it  is  to  be  regarded  as  part  of  the  same  motor  neuron  disease  ;  in  some 
cases  it  appears  first,  whilst  in  others  it  is  a  later  stage  of  the  spinal  affection. 
The  disease  in  the  medulla  is  characterised  by  progressive  paralysis  and  wasting 
of  the  muscles  of  the  tongue,  lips,  jaws,  larynx  and  pharynx  ;  and  death  often 
occurs  by  involvement  of  the  respiratory  centre,  or  by  foreign  matter  entering 
the  lungs  through  the  paralysed  larynx.  The  lesions  are  essentially  of  the  same 
nature  as  those  in  the  cord.  *  They  are  usually  most  marked  in  the  hypoglossal 
and  spinal  accessory  nuclei,  but  occur  also  in  the  nuclei  of  vagus  and  seventh 
nerves,  and  nucleus  of  the  motor  part  of  the  fifth.  The  oculo-motor  nuclei  are 
rarely  involved.  There  is,  of  course,  wasting  of  the  corresponding  nerves,  and 
degeneration  occurs  in  the  corresponding  upper  neurons  and  their  axons.  Along 
with  the  changes  in  the  bulb  there  is  a  varying  involvement  of  the  nerve  cells 
in  the  anterior  horns,  pyramidal  fibres,  etc.  As  stated  above,  nothing  definite 
is  known  with  regard  to  the  etiology  of  these  affections.  There  is  also  an  acute 
form  of  bulbar  paralysis  in  which  the  nuclei  of  the  nerves  mentioned  are  the 
seat  of  lesions  produced  by  the  virus  of  anterior  poliomyelitis. 

Friedreich* 8  Ataxia.  This  disease,  in  which  there  is  sclerosis  in  both  motor 
and  sensory  tracts,  often  affects  more  than  one  member  of  a  family,  hence 


if 

Fig.  461. — Section  of  cervical  cord 
in  amyotrophic  lateral  sclerosis, 
showing  degeneration  in  crossed 
pyramidal  and  direct  pyramidal 
tracts.  (Weigert-Pal  method.) 
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sometimes  called  familial  ataxia;  rarely  il,  oceurs  in  suecesHive  generations. 


Isolated  cases  of  tlie  disease  also  ai’e  met 
with.  It  usually  liegins  in  the  years  before 
aidolesconce  a,ud  the  chief  8yi::nf,)toms  are 
titaxia  witli  muscular  weakness.  Lateral 
curvature  of  the  spine  and  talipes  equinus 
are  often  present,  and  nystagmus  and  affec¬ 
tions  of  speecl'i  also  are  common.  In  such 
cases,  the  spinal  cord  has  been  found  to  be 
relatively  tlnn  and  sclerosis  lias  been 
[iresmit  in  t/lio  t>osterior  and  lateral  columns 
(Fig.  4t)2).  posteiior  roots  show  de¬ 

generation,  especially  tlie  fibres  within  the 
(‘.Orel,  and  'the  affection  of  tlie  roots  and  pos¬ 
terior  columns  may  lie  jircssent  in  the  cervical 
region  as  well  as  lower  down  ;  the  cells  in 
the  posterior  root  ganglia,  however,  are  little  altered.  In  the  lai-oral  columns 
the  pyramidal  fibres  are  degenerated,  the  degeneration  being  most  marked, 
h(dow%  and  diminishing  in  an.  upwa,rd  dir(M*tion.  "PIu^  poshu'ior  Hpino-c,(a;ebellar 
ia-acts  are  similarly  ahecti'd,  a.ii(l  l.lio  <r(dls  off, ho  llionicic.  nuctais  show  digenera- 
tivo  cha,ng(‘s.  t^hcre  may  Ix^  aomc^  (hgctun-afhm  aJso  in  tlu^  anterior  spino- 
cerehellar  and  spino-tlialamii^  traci.s.  Lll(^  natun^  of  t.lu^  dlsimsc^  is  obscure  and 
tlmre  see.ins  to  Ix^  no  relation  to  syphilis.  Possibly  dis(Mi,s(^  repn^sents  a 
condition  of  iucumpUtiC^  (bwa'lopnuMil.,  whon^iy  c(M‘(.a,in  sys(:<'ms  of  fibres  are  in 
a  sense  sliortcr-livt'd  fhan  usua.1  a,nd  luuh'rgo  digvruM'atioti,  wliicli  apjxxirs  first 
in  the  distal  parts  of  the  long  axons.  Fa,mily  sliidii's  ha,v(^  shown  f  luff.  Friedreich’s 
ataxia,  and  Maric\s  hereditary  e.erehellar  <(taxi<(  ave.  probably  va,ricl.ics  of  an  e.ss(ni- 
tially  similar  disoi'diM*  ;  ihci  t  wo  (nmdiflous  s<)nK'l  im(''S  overlap  a,nd  inliM’mediato 
forms  an^  met  wif.li  biff.  ea(‘h  a.nc(*t(xl  fa.mily  proscaff.s  if.H  own  va.ria.nt.  Ifricd- 
reich’s  a.taxia  is  (nujuently  aissociafcxl  with  a.  chronic,  pi'ogressivc  myocairditis, 
in  whi(di  foca,!  c.oagula.tiv(‘  u(x*r<>sis  oftlu^  muHcl<>  fibres  is  followcxl  by  niphuxxncnt 
fibrosis  (’Dorothy  Kiusscdl). 


Fig.  462.— “Section  of  <'(ord  in 
Friedreich’s  ataxia,  showing 
degeneration  in  posterior  and 
lateral  columns. 

(Weig(u*(.-l:td  mctlaxh) 


Subacute  Combiued  Degeueratiou 

DegCineration  ot  th.c  spinal,  cuird,  especially  of  tlu^  poaterioi:  and 
lateral  colunins,  ot'.curs  in  a.  high  propor’tiou  of  cutsets  of  pernioious 
anaemia  inadequately  treatcsl  by  Jivcu  c^xtrael.,  such,  ctlianges  being 
more  commonly  seen  nowadays  when  death,  ftom  anaunia  is  prevented 
for  a  long  period.  Similar  lesions  have  been  found  miuth  more  rarely 
in  other  chronic  diseases,  such,  as  leulmunia,  diabetes,  and  even  in 
malignant  diseases  M.()rci  rcKicntly,  similar  degenerations  have  been 
observed  without  tlu^.  preseiut)  of  aiuemia,  but  ga.str()- intestinal  dis¬ 
turbance  has  been  prt^sent  in  a  considcnuibk^  pr()|;)ortion  of  these, 
and  detailed  liannatological  examination  will  gcn<'ra.lly  reveal  megalo- 
cytosis  and  marrow  hyperplasia.  tfuau  mibamle.  comMned  degenera¬ 
tion  is  now  generally  applied  to  such,  lesions.  Hie  etiology  is  still 
uncertain  but  it  is  lielicvcd  by  some  that  iu  pernicious  aruBrnia  the 
condition  depends  on  the  absence  of  a  special  n(uirotro})hic  factor 
in  the  gastric  juice  (p.  493).  The  administration  of  has,  however, 
been  completely  effective  in.  .preventing  the  development  of  such 
■lesions.;  The  favourable  results  announced  from  the  administr.ation 
of  vitamin  come  chiefly  from  improvement  in  the  peripheral  neuritis 
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wliicli  commonly  accompanies  the  cord  changes.  The  anatomical 
changes  are  of  distinctive  character,  though  varyhig  in  distribution ; 
the  long  fibres  in  the  cord  are  affected  first  in  the  thoracic  region  and 
both  ascending  and  descending  tracts  are  impHcated  (Fig.  463).  The 
posterior  columns  may  be  degenerated  in  their  whole  extent,  but 
there  is  no  affection  of  the  nerve  roots.  The  pyramidal  tracts,  both 
crossed  and  direct,  may  be  affected,  but  the  degeneration  tends  to 
spread  beyond  them,  especially  in  the  thoracic  region,  where  the  disease 
is  usually  most  extensive.  In  addition,  there  occur  foci  where  the 
degeneration  is  more  marked.  The  affected  segments  show  removal 
of  the  degenerate  myehn  by  phagocytes  which  migrate  to  the  peri¬ 
vascular  sheaths.  In  untreated  cases  there  is  practically  no  glial 
proliferation  and  the  degenerated  areas  present  an  open  spongy 
appearance.  Under  liver  treatment,  however,  some  glial  sclerosis 
eventually  occurs.  The  degeneration  in  the  motor  tracts  may  ascend 
through  the  internal  capsule  and  degeneration  changes  are  met  with 
in  the  Betz  cells  of  the  cortex.  The 
appearance,  accordingly,  is  as  if  there 
were  a  general  toxic  action,  especially 
on  the  long  fibres,  with,  hi  addition, 
a  more  intense  action  at  certain  places. 

There  is  no  evidence  that  ansemia  in 
itself  produces  the  lesions  mentioned  ; 
in  fact,  it  may  be  preceded  by  them. 

The  symptoms  depend  on  the  tracts 
involved.  If  they  are  mainly  the 
posterior  columns,  ataxic  symptoms 
are  prominent,  whilst  affection  of  the 
lateral  columns  leads  to  spastic  symp¬ 
toms.  A  combination  of  these  main  types  may  be  met  with ;  ulti¬ 
mately  there  may  be  extensive  paralyses. 

The  condition  described  by  Gowers  as  ataxic  paraplegia  corre¬ 
sponds  with  a  combined  sclerosis  of  the  long  fibres  of  the  posterior 
columns  and  the  pyramidal  tracts,  and  probably  belongs  to  the 
same  group.  Another  example  is  met  with  in  pellagra,  a  disease 
which  is  common  in  certain  parts  of  southern  Europe,  America  and 
elsewhere,  and  which  is  characterised  by  various  skin  eruptions, 
glossitis  and  diarrhoea,  and  also  by  nervous  symptoms.  It  was  for  long 
ascribed  to  the  eating  of  diseased  maize,  and,  while  it  is  now  accepted 
that  pellagra  is  due  mainly  to  a  deficiency  of  the  vitamin  B^  complex, 
it  is  probable  that  maize  contains  a  protein  which  in  excess  is  toxic. 
Vitamin  Bg  is  a  group  of  substances  including  riboflavin,  nicotinic 
acid  and  Bg  or  adermin.  All  these  have  certain  definite  effects,  but 
nicotinic  acid  has  been  found  to  be  the  most  important  substance  so 
far  as  pellagra  is  concerned.  Goldberger  showed  that  dogs  fed  on  a 
Bg-free  diet  developed  a  condition  known  as  ‘  black  tongue,’  attended 
by  glossitis  and  sprue-like  changes,  and  that  this  could  be  promptly 


yiG.'^463. — Section  of  spinal 
cord  in  a  case  of  subacute  com¬ 
bined  degeneration,  showing 
marked  lesions  in  both  lateral 
and  posterior  columns. 

(Weigert-Pal  method.) 
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cured  by  uicotiiiic  a,cid.  0<)rres|)OTuliii,oi;  rosiilts  luive  Ixh^ii  obtained 
with  pigs  and  monkeys.  T.lu^  administ-rathni  ot  nicotinic,  a,cid  in 
cases  of  pellagra  has  been,  ibllowed  1)3'  ixnnarkable  cmrat-ive  etfects. 
Abserujc  or  (leficaency  of  ni(iotini(^  acid  is  thendore  the  cliief  factor 
in  tlu^  prodiKition  of  pella-gi'ai.  Fui-tlua*,  tlu^  cairaf-ivc^  ejects  of  nicotinic 
acid  ill  (^ascs  of  malnutrition  with  minor  nei'vous  symptoms  in  this 
coiintry  make  it  likely  tlia-t  a,  mild  I'oimi  of  [lelhigra  is  not  muHimmon. 
DcdicacMU'.y  in  a,(ku‘min,  the  third  c.omjioiKuit  of  vita, min  IL,  a, Iso  known 
as  vitamin  Bf.,  prodmu^s  a,  j)(dlagra,~lik(‘  d(M*ma,tii,is  in  ra,ts,  and  a,namua 
in  dogs  a,nd  jiigs.  It  is  thought  to  b(^  (\ss(mtia,l  for  Jiumarn  mifrition, 
but  its  tluu'a,pimti(i  use  in  tlu^  a,hov(^-nu‘ntioned  dis(ai.s(\s  of  tlu^  spinal 
cord  ha,s  not  been  (lonvimfing.  In  eursi^s  of  (‘hronic^  v.njotuni  somewhat 
similar  eluingc's  arc^  met  with  in  l,h(^  spina-l  (uirdpuul  thesimrt' a,ppa.rimtly 
the  result  of  toxins  ))rodu(‘,ed  by  the'  fungus  in  ryca  term  lathyrUm 

is  apj)li(ul  to  a  dis('a,se  nud*  with  (^sp(>eia,lly  in  India,  a,mongst  those 
of  whose  diet  pulses  foians  a,n  importa,nt  j)a,i't.  It  oixaii’s  somei,imes 
in  c‘,pid(mnes,  ma,l('.s  btung  nnuL  morc‘.  fr(a|uenl,l  y  a,He.(d,cMl  tha,n  lemales, 
and  is  (‘.ommoniu*  iu  times  of  fa, mine',  or  s(w(‘r(‘,  di(d,a,ry  resti'ie-tion. 
The  chief  symptoms  a, re  of  a,  sjiastic^  na,ture  a,ffe(*,ting  espc'.cially  the 
exkmsor  a, ml  addue.tor  nuiseles  of  tlu^  lower  limbs,  hutscuisory  s3nnptoms 
also  are  ])resent.  Th(>  eviikuie.e  points  to  a, dee, t, ion  of  both  lateral 
a, ml  posterior  columns  of  the  (;ord,  but  the  (nxa,e,t  eha,ng('s  are  not 
definitely  known.  St()(‘,kma,n  thought  i,hat  tlu'i  (lis(‘.a,se  is  diu^  to  an 
alkaloid  prc^scuit  in.  tlu^  j)ea.s  of  va.rious  S[)(H‘ies  of  La,thyrus.  ]^y 
feeding  monkeys  with  the  scuxls  ol‘  /,//■///’ /m*  mliru.s  lu^,  [irodmaxl 

paralyses  of  muscles,  whi(*,h  h(\  eonsidcu’ed  wiu-e  dm^  to  cha,nges  both 
in  the  peripheral  nerves  a.nd  in.  tlu'  sjiimd  cord. 

A  somewhat  similar  (*,on,(lition  is  producixl  by  a,  di(d,  of  chick  peas 
{cicerism)  and  is  attributed  to  a,  toxic,  a,et,ion  of  th(,^  jxai,  proku'n  ;  this 
can  be,  prevented  by  choline  or  methioniiu',  (Dia/.).  The?  production 
of  'hysteria’  in  dogs  a, ml  ferrets  by  Hour  treated  with  nitrogen  tri¬ 
chloride  (agene)  has  Ixxui  traued,  to  tlu^  dcwelopimmt  of  a  toxic  ])rotein 
from  the  gliadin  of  wJieat  (.Median by)  and  from  the  /.eiu  of  maize; 
apparently  an  alteration  in  methionim^  is  coiu'nrned.  The  significance 
of  these  observations  in  human  patliology  is  not  yet  (dear,  but  they 
introduce  new  possibilities  in  unra, veiling  the  pathogenesis  of  some 
obscure  nervous  conditions. 

Syringomyelia 

The  term  is  applied  to  a  space  or  spaces  in  the  substance  of 
the  cord,  containing  fluid  and  enclosed  by  neuroglia.  The  condition 
is  to  be  distinguished  from,  hydromydia,  which  means  a  dilatation  of 
the  central  canal  of  the  cord.  In  hydromyelia  the  dilated  canal  is 
lined  by  the  normal  ependyma,  but  transitions  to  syringomyelia  are 
met  with.  Hydromyelia  is  usually  a  congenital  abnormality,  but  the 
accumulation  of  fluid  is  at  times  the  result  of  pressure,  e.g.  by  a  tumour 
growth  ;  it  is  sometimes  met  with  in  association  with  hydrocephalus. 
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Stbuctubal  Changes.  Syringomyelia  occurs  especially  in  tLe 
cervical  region,  though  it  may  extend  both  to  a  lower  and  to  a  higher 
level,  occasionally  implicating  the  medulla ;  rarely,  it  affects  the 
lumbar  part  of  the  cord.  A  point  of  importance  is  that  it  starts 
in  the  posterior  part  of  the  cord — ^behind  the  central  canal  or  in 
the  base  of  one  of  the  horns,  though  the  glial  growth  may  extend 
more  widely.  The  affected  part  of  the  cord  is  usually  swollen  in 
a  varying  degree  and  feels  somewhat  soft.  Occasionally  the  growth 
of  neuroglia  is  very  great,  almost  reaching  the  character  of  a  tumour, 
and  in  such  a  case  a  spindle-shaped  swelling  may  fill  the  spinal 
canal  at  the  affected  part  of  the  cord.  On  section,  the  appearances 
vary  according  to  the  amount  of  new  tissue  formed  and  the  pro¬ 
portion  of  cavity  formation.  Thus,  in  some  cases  the  lesion  seems 


Fig.  464.— -Sections  of  spinal  cord  in  a  case  of  syringomyelia,  showing  the  central 
cavity  at  different  levels,  (a)  being  towards  upper  part  of  cervical  enlarge¬ 
ment  and  ih)  towards  its  junction  with  thoracic  portion. 

(Weigert-Pal  method.) 


to  be  mainly  a  space,  in  others  a  glioma-like  tissue  with  central 
softening;  occasionally  there  appear  to  be  more  lesions  than  one, 
but  in  this  case  they  are  often  found  connected  at  intermediate  levels. 
On  microscopic  examination,  the  tissue  is  seen  to  be  gliomatous  in 
t3rpe  and  fairly  cellular,  and  it  merges  by  a  process  of  oedema  and 
softening  into  the  fluid  in  the  spaces  (Eig.  464,  a  and  h).  At  the  peri¬ 
phery  there  is  a  greater  proportion  of  ghal  fibres,  and  a  considerable 
amount  of  interstitial  overgrowth  may  extend  into  the  structures 
of  the  cord  around.  When  the  condition  is  of  moderate  degree,  its 
localisation  in  the  posterior  region  of  the  cord  can  be  made  out, 
but  when  it  is  extensive  this  may  be  no  longer  discernible. 

Effects.  The  effects  of  syringomyelia  are  partly  those  of  actual 
destruction  of  tissue  and  partly  those  of  pressure.  The  sei^ory  fibres 
specially  apt  to  be  interrupted  are  those  which  take  origin  in  the 
posterior  horns  and  then  cross  in  the  posterior  commissure  to  ascend 
in  the  antero-lateral  ascending  tracts.  A  curious  disturbance  of 
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sensation  dissociated  sensation  ’)  results,  so  that  while  there  is  in¬ 
sensibility  to  pain  and  heat,  sensibility  to  tactile  impressions  is 
retained,  tlicse  being  transmitted  cluefly  in  tlie  posterior  columns. 
That  ■  the  disturbance  is  due  to  a  lesion  of  the  decussating  fibres  is 
shown  by  the  fact  that  the  area  of  disturbance  of  sensation  corresponds 
in  distribution  to  the  segments  affected  by  the  syringomyelia  ;  whereas 
if  it  were  produced  by  interruption  of  tracts  in  their  vertical  course 
it  would  affect  all  the  body  below  the  lesion.  Motor  disturbances 
occur  also-  -both  muscle  atrophy  from  involvement  of  the  anterior 
horns,  and  symptoms  of  spastic  paraplegia  owing  to  implication 
of  the  pyra.mi(hil  fibres.  There  are  also  ti’0[)hi(‘-  distui’haiHH’is  involving*' 
the  Joints,  boiu^s,  and  skin.  4?he  k'sion  of  tlu^  joints  is  (^losc4y  similar 
to  that  in.  tubes,  but,  a.s  ibc^  syringomyelia,  is  nsually  in  f,h(‘  cervical 
region,  it  is  tlu^  joints  oC  tli(‘.  nppea-  (‘xtrcmiities  \vlu(4i  a,r(^  chiefly 
Involved,  and  the*  a, flection  is  often  symnu‘f/ri(*a,l.  Atropliy  of  the 
bones  occurs  and  sj)()nta,iHM)us  fVa,(4,ur(^  may  resuU,.  d,1ie  f-i’ophici  lesions 
of  the  skin  are^  ma,nif()ld,  jind  ibc^  syndi'onug  known  a,s  Morvan’s 
disease,  in  which  the  type  of  a.mestlu^sia,  (k^scrilxMl  above  is  associated 
with  vesicles  of  the  skin  aiiid  paiinl(\ss  wbil/Iow',  is  one  nianifestation 
of  syringomyelia. 

Natcjee  of  Lesion.  There  is  no  doubt  that  in  the  vast  majority 
of  cases, ^  syringomyelia  is  of  congenital  origin.  What  probably 
happens  is  that  in  early  embryonic  life,  the  medullary  canal  is  not 
completed  posteriorly  in  the  normal  mariner,  and  that  ncuro-epithelial 
cells  become  detached  and  embedded  in  the  substance  of  the  de¬ 
veloping  cord,  and  afterwards  form  iKuu'ogliaJ  tissues.  l!'he  spaces 
containing  fluid  are  formed  by  an  (luhnna  a,nd  subscHpuMit  softening 
of  the  central  part  of  the  tissue,  just,  as  sjiacuvs  ai‘e  not  inlfequeritly 
formed  in  gliomata.  Tt  is  ])()ssibl(^  that  s()m(Tim(\s  l(\si()ns  like  syringo¬ 
myelia  may  result  from  h<emorrhag(‘  into  th<^  spinal  cord  occurring 
at  birth,  but  smb  a,  sources  of  origin  is  (piitc*-  (‘xet^ptiona,!. 


THE  NERVES 

Neuritis 

There  are  two  main  cattg-oi'ies  of  .mvuritis,  (a)  (be  toxicj  and 
nutritional-deficiency  group  a,nd  (/>)  tlu^  infhimmatory.  In  the  first, 
the  essential  change  is  a  ([(^generation  of  th(‘.  mnwous  elements  with 
little  or  no  inflammatory  reaction  in  tlu^  interstitial  tissiug  and  many 
nerve  branches  ai'e  affected  more  or  less  symm(d;rieally ;  a({(*.()rdingly 
the  term  mulU'ple.  peripheral  ne.uriiif^  or  polyneiiritis  is  usually  ajiplieci. 
In  the  second  category,  known  as  mlc/rditial  newritu,  tlu^  changes  arc 
more  local  affections  of  nerves,  consisting  of  a(;ut(^  infla/inmation  with 
exudation  into  the  interstitial  connective  tissu(\,  but  primarily  subacute 
and  chronic  forms  also  occur.  ITie  afihetion  is  thus  asymmetrical 
and  apparently  d,ue  to  local  'determining  conditions.  • 
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Multiple  Peripheral  Neuritis.  This  is  known  also  as  paren¬ 
chymatous  neuritis  in  view  of  the  elements  involved,  as  nutritional 
deficiency  neuritis  and  also  as  toxic  7ieuritis  on  account  of  its  causation. 
The  most  important  nutritional  deficiency  is  lack  of  intake  of  vitamin 
B,  seen  in  the  most  severe  form  in  beri-beri ;  and  recent  biochemical 
work  (Peters)  suggests  that  some  of  the  known  toxic  factors  such  as 
arsenic  may  act  by  combining  with  the  intracellular  enzyme  systems 
and  thus  bringing  about  a  breakdown  in  the  carbohydrate  metabolism 
of  nervous  tissue  similar  to  that  induced  by  actual  deprivation  of 
the  vitamin.  The  poisons  which  may  produce  degenerative  changes 
in  nerves  are  very  numerous  and  may  be  divided  into  three  groups  : 

{a)  Inorganic  poisons,  such  as  arsenic,  antimony,  lead,  silver,  etc. 

(6)  Organic  poisons  of  known  constitution,  such  as  alcohol  (the 
commonest  cause),  ether,  dinitrobenzol,  carbon  bisulphide,  etc.  ; 
possibly  the  neuritis  which  occurs  in  diabetes  is  due  to  a  body  of  this 
class,  though  there  is  also  the  possibility  that  it  is  due  to  a  bacterial 
toxin,  as  infections  are  so  common  in  this  disease. 

(c)  Organic  poisons  of  unknown  constitution,  or  toxins.  These  are 
chiefly  of  bacterial  origin,  and  accordingly  neuritis  is  a  common  result 
of  infections  and  specific  fevers.  Thus  neuritis,  especially  of  the 
cranial  nerves,  is  a  fairly  common  sequel  of  diphtheria,  giving  rise  to 
post-diphtheritic  paralysis.  It  can  also  be  produced  experimentally 
in  animals  by  injection  of  the  toxin.  Neuritis  may  follow  influenza, 
typhoid,  smallpox,  acute  rheumatism,  gonorrhoea,  and  various 
septic  conditions,  notably  puerperal  infection ;  it  is  occasionally  met 
with  in  tuberculosis  and  as  a  sequel  to  malaria.  As  a  general  rule, 
in  all  these  conditions  it  is  the  small  nerve  twigs  which  are  aflPected 
first  and  in  greatest  degree ;  the  affection  diminishes  in  an  upward 
direction  and  the  main  trunks  may  be  free  from  change.  In  some 
instances,  evidence  of  toxic  action  on  the  tracts  of  the  spinal  cord  has 
been  found  in  peripheral  neuritis. 

Beri-beri.  In  this  disease  the  essential  lesion  is  a  polyneuritis, 
which  is  the  result  of  the  absence  or  deficiency  of  vitamin  (aneurin), 
and  is  usually  caused  by  a  diet  consisting  exclusively  of  over-milled 
cereals,  especially  rice.  The  disease,  which  is  met  with  principally 
amongst  rice-eating  populations,  occurs  in  two  forms.  In  one — ^the 
‘  dry  ’  form — ^the  peripheral  nerves  are  chiefly  affected  and  there  occur 
the  usual  symptoms  of  anaesthesia,  wasting,  and  ultimately  paralysis 
of  the  muscles,  etc.  In  the  other,  or  '  wet  ’  form,  the  disturbances 
are  mamly  cardiac ;  the  heart  becomes  dilated,  especially  the  right 
ventricle,  there  is  general  venous  congestion,  and  dropsy  usually 
becomes  a  marked  feature— -hence  the  term  applied.  The  changes 
in  the  nerves  are  essentially  parenchymatous  and  of  degenerative 
nature.  The  myelin  sheaths  become  degenerated  and  give  the  usual 
reactions,  whilst  the  axis  cylinders  become  irregularly  sw’^oUen  and 
interrupted  in  their  continuity.  Degenerative  changes  have  been 
fomid  also  in  the  cells  of  the  spinal  cord  and  root  ganglia.  In  the 
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wet  fonii  w(^  Ikwo  found  dc^geiierati  ve  (‘,]ia-ng(\s  in  tlu^  va,gi  {ind  i)lireivics 
and  this  has  been  the  common  residt ;  (h'geiuu'adion  lia.s  bean  noted 
also  in  tlu^  sympatlietic  system.  It  is  Iik(dy  i.ha,t  Oi(‘.  cjM'dian  dilalnlion 
is  seeondai’y  to  tlio  lesions  in  the  nefves,  l)ut  possibility^  ofa,  primary 
cimngc  in  the  (‘.ardia^c;  mus(‘.l(‘  (cannot,  be  ex(‘Iu(l(al.  Polyn(Miril,is  can 
naidily  be  produ(*e(l  in  fowls  a.nd  j)ig(a)ns  by  (ecaling  tluan  wi(L  milhal 
or  polished  ri<a‘  ;  a.nd  tih(‘S(^  a.nimaJs,  (^spcaaaJly  })ig(a)ns,  ha,V(‘.  boon 
la,rg(‘ly  u’seal  in  studying  th('.  disti’il)ui.ion  of  vit.a,min  P>,.  PolyiHairitis 
lias  b('(m  produecul  arlso  in  th(‘  rad  by  (h^privadion  of  vita, min  P,,  but 
the  (dia,ng(‘s  a,r(^  l(‘ss  eonsi,a.nt  a,nd  l(‘ss  ma,rk(al. 

One  of  tb(‘.  most  nnna-i’ka.bk^  point, s  a, bout,  tJu’-.  (‘xp(u*imentally 
produced  disea,s('.  is  tlu^  ra,pi(lity  with  which  re(^ov(ny  ta,k(\s  phiei^  wholi 
the  birds  are  fed  witli  subsi,a,n(‘,es  conta.ining  tlu^  n(a'(\ssa,ry  vita, min, 
and  Peters  has  described  the  (a)n(Iit,ion  a,s  a,  pur(‘  bioeluanica,!  hvsion. 
The  essent,iat  padhogxmesis  is  t,he  fa,ilur(‘.  of  ikm’vous  tissue',  to  (jornplete 
the  oxidation  of  carbohydrate  in  the  a-bseaua'.  of  eO"ea,rboxyla,S(^  whicli 
normally  is  produced  by  phosphoryladion  of  a^iumrin.  ()onse(|nently 
ca,rboh3aIra,te  metabolism  (xaises  at  tlu'  pvruva,te  levc'l  and  this  substance 
acc!umnla,tes  in  blood  a,nd  tissiua  SiiH'.e  tlu^  liody’s  reajuiremu'nts  of 
amnrin  are  pro))ortiona,l  t,o  tlu^  amount  of  (%i,rbohydra,t,(^  met,a,bolised, 
the  defi(‘iene,y  of  a-iumrin  is  {'xa,gg(a’a,te(l  by  tlu'  predomina,ni,ly  carbo¬ 
hydrate  diet,  and  the  sewenaty  of  the'  n^sults  on  m'ryous  tissues  are 
attributable  to  its  (k'.pe'mkauH^  on  earbohy{lra,t,e  oxi(la,t,ion,  hi  vitro 
th(>  metabolic^  defect  of  a,Hec.t(al  tissue',  is  readilie'd  ve'ry  spe'ealily  on 
the  additiem  e>(  ee)-eia,rbe)xylase'  e)r  in  vivo  by  (,he^  a,elministra,tie)n  e)f  the 
precursor  vitamin  Bj^.  dliese^  fa,e‘,ts  ha,ve  beam  a,pplieel  tei  the^  treadmernt 
of  beri-beri.  Snb.stitutie)n  eif  under-milk'el  (.dr  milk'el  rie‘,e  has  eaiused 
beri-beri  to  elisappear  in  many  {)lae‘,es  a,nd  the'  va,i'ie)us  la,eds  ase*,ertained 
establish  the  inpiortance'  e)f  vitamin  Bj.  Tlu‘.  wed,  fe)!an  of  beri¬ 
beri  has  beeai  a,scribeel  to  elefieae'ncy  eif  preitein  in  a,elelition. 

‘  Toxic  ’  Neuritis.  (Ihreinie  a,lea)he)lism  was  fe)rmerly  a,  rather 
frequent  cause  eif  pe)lyneuritis,  but  is  neiw  rmud  h'ss  e‘,e)mme)n.  It  was 
occasioned  usually  by  spirit-elrinking  anel  eauairreel  mue‘,h  meire^  eiften 
in  women  than  in  men.  it  is  neiw  re'ce)gnise'd  tluit  the^  e'ffe'ed,s  a,re  not 
due  to  the  toxic  aedion  e")!  a,le;e)he)l  par  m  but  tei  hie'-k  of  vitamin  B^, 
partly  owing  to  defieaent  intake  in  the  restriediHl  died;  eif  chronic 
alcoholics  and  partly  tei  dediedent  ahsorptiein  frenn  the',  alinieiitary 
canal  owing  to  tlic  assoeaated  gastro-inte'.stimil  distnrbaruK'.s,  A  wide 
field  has  thus  been  ope'uu^d  up  and  it  is  possible  ihat  in  other  forms 
of  neuritis,  e.g.  that  of  dia, botes  anel  eif  diphtheria  and  otlunr  bacterial 
intoxications,  deficiency  of  aneiirin  may  play  a  part.  In  the  neuritis 
of  certain  metallic  intoxications,  combination  of  the  metal  with  certain 
constituents  of  the  intracellular  enzyme  systems,  namely  sulphydril 
groups,  may  interfere  with  cellular  metabolism  and  lead  to  a  some¬ 
what  similar  end  result.  Probably  this  is  not  the  whole  explanation, 
e.g.  in  chronic  lead  poisoning  th.e  muscles  first  affected  are  those  said 
to  be  in  most  frequent  use,  i.e.  the  extensor  muscles  of  hand  and 
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foot,  and  the  characteristic  wrist-drop  and  foot-drop  of  lead  poisoning 
are  thought  to  be  due  to  the  introduction  of  lead  as  soluble  lactate 
into  the  muscle  substance  where  it  becomes  precipitated  as  less  soluble 
phosphate. 

Structueal  Changes.  In  parenchymatous  neuritis  the  nerves, 
on  naked-eye  examination,  may  show  no  alteration,  but  we  have 
found  that  in  long-standing  cases  the  smaller  branches  may  have  a 
slightly  yellow  tint  and  may  be  flabby  to  the  touch  and  of  softer 
consistence  than  the  normal ;  this  alteration  apparently  occurring 
when  the  degenerated  myelin  has  been  in  part  absorbed.  The  primary 
change  seems  to  be  in  the  medullary  sheaths  ;  the  myelin  becomes 
broken  up  into  globules  which  give  the  March!  reaction  (p.  142),  and 
these  then  undergo  absorption.  The  neurilemma  ceUs  become  swollen 
and  act  as  phagocytes  of  the 
fatty  material,  which  is  taken 
up  also  by  leucocytes  and  other 
cells.  Many  of  the  axis 
cylinders  become  bare ;  they 
show  irregular  sw^'cllings  and 
varicosity,  and  are  broken  across 
(Fig.  465).  There  may  be  little 
or  no  evidence  of  inflammatory 
reaction  in  the  connective  tissue 
beyond  the  presence  of  a  few 
leucocytes.  Later,  regeneration 
of  the  axis  cylinders  may  occur, 
but  this  is  often  interfered  with 
by  persistence  of  the  toxic 
action.  Proliferation  of  the  inter¬ 
stitial  connective  tissue  cells 
then  takes  place,  and  fibrosis 
with  permanent  loss  of  nerve 
fibres  follows.  The  muscle  fibres 
in  relation  to  the  interrupted  axons  undergo  fatty  or  granular  degen¬ 
eration  ;  the  sarcolemma  cells  proliferate  and  degenerated  material 
becomes  absorbed.  If  there  is  restoration  of  the  nerve  supply  the 
sarcous  substance  may  be  regenerated  by  the  sarcolemma  ceUs  ;  if 
not,  then  permanent  atrophy  with  interstitial  thickening  is  the  result. 

Effects.  Apart  from  the  tenderness  along  the  nerves  and  a 
varying  amount  of  pain,  the  efiects  of  polyneuritis  are  chiefly  those 
of  interruption  of  the  nerve  fibres.  Thus  there  occur  ansesthesia, 
paralysis  and  wasting  of  muscles,  inco-ordination,  disturbance  of  the 
reflexes,  trophic  disturbances,  etc. 


i/ 

Fig.  465. — Longitudinal  section  of  nerve 
in  alcoholic  neuritis,  showing  changes 
in  medullary  sheaths  and  axis  cylin¬ 
ders.  Stained  with  osmic  acid. 

X  about  250. 


Two  varieties  of  multiple  peripheral  neuritis  present  special  features  requiring 
mention.  Acute  infective  polyneuritis — -the  so-called  Guillain-Barre  syndrome — 
sometimes  follows  obscui*e  febrile  illnesses.  In  this  condition  there  is  sym¬ 
metrical  progressive  ascending  flaccid  paralysis  with  only  slight  sensory  changes, 
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liiimlysis  (iC  Mio  sovi^iiUi  luirvo  is  iiiid,  in,  llio  i-iu-o  (m,sos  ilyHiiluiiria 

a.iMl  fospira,(.ory  pjn'iilyHis  siipci'soni'.  'rii«  losioiiB  l•(.nsis(.  dI'  in(lain,ma,(.i(iii  aiid 
tl.«K(Mi(M'Mdioii  ol'  lli(<  piM'ipli(,ra,l  n.av.w  wiMi  niyuliti  (l(«s(a-u(d.i<ai  ti.iul  niMU'ilomm.a 
|)roU('ora.(.i()n.  'I'ho  dual  shows  ii,  Ju'glily  (di(U'a,i;h'i'isl.i<!  (lissociiitiou 

<)(  pnih-iu  and  coll  cotihvid-,  l  lni  pi'iiloin  rising  to  a«  inu(ili  a.s  SOO  ing.  por  100  ml 
u-lnl<^  I, ho  prossnro  and  (;cll  .•caihad,  |•oJua,ill,  nonu.d.  Tlio  oaaiso  is  nnUiunvn  ■ 
a,  vn-a.l  origin  liiis  not.  lasai,  snhsl.aiit,ia.l.od  a, nil  a.s  a  rulo  o(nn|)lo|,o  roonvorv 
uliimatcily  ex ‘curs,  ^ 

lu  acuf.v.  porphuria,  Uumv  is  usually  u  l.istiory  of  a.liacks  of  colicky  ailxioniiruil 
paiiu  I()IIovv(mI  by  onsi^l.  oI  waaikiu'ss  in  h^^-s  a.nd  aicms  aiud.  sorncliiriuss  riK'uial 
aisluirbatic.os,  u.n  a,ssocia,|.i()u  orsyuiplioins  su^-^i'stiivc  of  haul  poisoriiug’  (k)is(U)inl)o). 
T\n)  (^sscntiiai  nea-vous  l(\sion  is  a,  j)olyncuri(iis,  bul-  in  spild^  of  |)a,ra'.sa»csia^  Mioro 
is  litiUe  l.nio  sensory  loss.  In  sr^viaad  raisras,  pa.ra^sis  raipidly  |)r•oo■r«(vss(^s  Lo  (‘omploto 
(luadriplcgia,  a,nd  (haidi  occurs  in  a.boulibO  p(a-c<ark  SearuuMin  a,  i-(^la,f)sin^r  (x)iu-sc 
and  ohhors  r(X‘ov(vr  coniphd.oly,  Miongh  l.lu^  ni(^i,a,l)olic,  abnoiatuilily  may  noi-sisr 
The  condition  may  lx.  pr(H‘ipita,tcd  by  drills  hub  iibm-o  is  ortrai  a.  licexlitary 
•predisposition  and  l.lu'  mcldibolic  pin-mradi  a.bnonnalily  may  be  presead-  in  hoailtliv 
Hiblin^^s.  Th(^  diagnosis  dcprmds  on  (,bo  r*(X‘ontoitioil  of  i,b(.  abnormal  pi^nneut 
in  th(.  urine,  wliiclr  darkenis  on,  exfxisure  to  li^'IU-,  uroporpbyi’in  lit  bein^  tho 
usual  ])i^'merrt  in  idiopaitbic  c.a.se^s.  Jn  chronir*.  c.onp;'(auta.l  porphyria,  on  tho 
other  hand,  tlie  pi^nneait  excrvted  is  inopor-phyrin  I.  a,nd  l)hotos(M>sitisrr,tion  is  a 
proimnojit  sy.m])t()m.  Ihxamtly  a,  numlx.r  of  case.s  of  tin.  idiopa,thic.  disraiso  with 
n(M,'vous  syjnptoms  have  Ix'on  revordeHl  in,  wfiich  urofrorphyriri  I  was  (.xc.retod. 


Acute  Interstitial  Neuritis.  Tins,  a«  has  been  stated,  is  due 
to  some  local  cause,  and  is  asymmetrkud  in  its  distribution,  though 
sometimes  several  nerves  arc  allcHitcd.  .11;  follows  (exposure  to  cold 
especially  in  the  gouty  and  rheurnatie,  but  the  mode  of  action 
of  exposure  is  not  properly  nriderstiood.  ,It  results  also  from  wounds 
bed-soies,  diseases  of,  joint/S,  ■|)hle!hitis,  polyarticu'itis  nodosa,  etc., 
and  the  toxins  sometimes  extend  along  tJu^  nerve  slu^aths  and  pro¬ 
duce  their  effects  for  a  (jonsidcuahh^.  distanc^e.  The.  ailuctod  nerves 
become  swollen  and  congested,  and  tlieir  connective  tissue  is  the  seat 
of  inflammatory  exudation,  chiefly  of  a  serous  character.  Leucocyte 
emigration  is  usually  not  pronounced,  unless  when  pyogenic  organisms 
are  present.  ^  In  some  cases  the  exudation  is  chiefly  into  the  sheath 
of  the  nerve,  in  others  the  interstitial  tissue  proper  is  affected.  In  the 
latter  case  the  nerve  fibres,  especially  the  medullary  sheaths,  become 
degenerated,  but  not  to  the  same  extent  as  in  multiple  neuritis,  since 
the  affection  of  them  is  of  secondary  nature.  Many  of  the  symptoms 
are  due  to  jiressure  of  exudate  and  (lisap])ear  when  this  is  absorbed, 
but  sometimes  there  may  bc^  ;|)ermarK‘nt  loss  of  fibres  with  corresponding 
wasting  of  muscles. 

Interstitial  neuritis  may  also  be  chronic  from  the  outset.  A 
striking  example  of  this  is  seen  in  leprosy,  where  the  bacilli  enter  the 
supporting  sheaths  of  the  nerves,  and  give  rise  to  interstitial  growth 
of  connective  tissue  followed  by  atrophy  of  nerve  fibres,  paralytic  and 
trophic  disturbances  then  resulting.  Interstitial  neuritis  may  be 
produced  also  by  syphilis,  notably  in  the  cranial  nerves  at  the 
base  of  the  brain,  and  in  any  form  of  meningitis  the  inflammatory 
change  may  spread  to  and  affect  the  emerging  nerves  or  roots.  There 
is  described  also  a  senile  form  of  chronic  neuritis,  in  which  there  is 
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sclerosis  of  the  interstitial  tissue  with  involvement  of  the  nerve 
fibres.  This  is  the  result  of  advanced  arterial  disease,  which  interferes 
with  the  blood  supply  and  causes  fibrous  atrophy. 

Regeneration  of  Nerves 

Eew^  questions  in  pathology  have  been  the  subject  of  so 
much  dispute  as  the  mode  of  nerve  regeneration.  According  to 
the  current  view,  when  a  nerve  is  cut  across  or  its  fibres  are  destroyed, 
the  formation  of  new  axis  cylinders  occurs  only  from  the  central  end. 
Thus,  in  conformity  with  the  neuron  concept,  the  axon  is  part  of 
the  nerve  cell  and  can  be  formed  only  by  the  latter ;  it  cannot  be 
produced  by  other  cells,  e.g.  neurilemma  ceils,  and  then  become  united 
with  the  nerve  cells.  In  the  distal  or  peripheral  part,  proliferation  of 
the  neurilemma  cells  occurs  and  thus  provides  a  pathway  along  w^hieh 
regeneration  takes  place  when  continuity  with  the  central  portion  is 
restored. 

If  we  take  as  an  example  simple  transverse  division  of  a  nerve,  it 
is  found  that  the  changes  which  follow  are  very  different  in  the  two 
parts.  In  the  proximal  part  there  is  degeneration  of  the  myelin  for 
only  one  or  two  segments  abovn  the  lesion,  whereas  below^  the  section 
the  whole  of  the  distal  portion  degenerates.  At  a  very  early  period 
the  proximal  ends  of  the  interrupted  axis  cylinders  become  swollen 
and  split  up  into  their  fibrils,  which  rapidly  increase  in  length  and 
spread  outwards  in  the  tissue  beyond,  accompanied  by  proliferated 
neurilemma  cells.  They  often  present  bulbous  extremities,  and  they 
run  in  an  irregular  curling  fashion  until  they  reach  the  distal  part  of 
the  nerve,  where  they  pass  longitudinally  in  the  spaces  formerly 
occupied  by  the  nerve  fibres.  Accordingly,  the  advantage  of  bringing 
the  cut  ends  accurately  into  apposition  is  apparent,  as  in  this  way 
the  new  fibres  are  more  rapidly  guided  to  the  periphery.  It  may  be 
mentioned  that  when  there  is  a  gap  between  the  two  ends  and  a 
portion  of  nerve  is  transplanted,  the  latter  serves  merely  as  a  guiding 
path  for  the  new  fibres  to  the  distal  part  of  the  nerve.  All  repair 
is  effected  by  the  growth  of  the  young  fibres  along  the  distal  segment 
to  the  periphery,  and  thus  requires  some  months  for  its  completion, 
although  the  time  wdU,  of  course,  depend  on  the  distance  of  the  lesion 
from  the  peripheral  terminations.  The  young  fibres  are  accompanied 
by  neurilemma  cells  which  provide  support  for  the  growdng  axons,  and 
at  a  later  period  new  meduUary  sheaths  are  formed  around  them. 

The  new  growth  of  fibres  is  often  exemplified  in  a  striking  way  at 
the  ends  of  cut  nerves  in  cases  of  amputation.  Here  the  new  fibres 
run  in  an  irregularly  coiled  fashion,  accompanied  by  growth  of  con¬ 
nective  tissue  around,  which  often  leads  to  the  formation  of  a  bulbous 
swellmg  at  the  end  of  the  nerve — ^the  so-called  amputation  neuroma 
(Fig.  466). 

In  the  distal  portion,  Wallerian  degeneration  occms  in  all  the 
nerves  which  have  separated  from  their  neurons.  The  initial 
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change  is  in  the  axis  cylinders,  which  become  irregularly  swollen  and 
varicose,  break  into  globules,  and  are  thereafter  gradually  al)sorbed. 
This  is  probably  of  the  nature  of  an  autolytic  change,  and  is  readily 
understood  according  to  the  view  that  an  axon  is  really  part  of  a  nerve 
cell  and  not  simply  formed  material.  Degeneration  in  the  medullary 
sheaths  accompanies  that  in  the  axons,  the  myelin  breaking  up 
into  fatty  globules,  which  can  be  demonstrated  by  Marchi’s  method. 
At  the  same  time  the  neurilemma  cells  become  swollen  and  proliferate^ 
so  that  they  .sprout  toward.s  the  centra,!,  end  of  tlie  cut  nerv(^  a,nd  stave 
to  guide  the  outgrowing  a,.xons.  'I’hey  a,l.so  conu^  to  fill  th(^  luuuihunma 
sheath  along  with  7na,er<)|)lia,ges  which  ta,ko  xip  the  myelin,  globulins. 
The  next  process  i.s  a,  gradua,!  a,bsoi-|)iion  of  the  dt^gcuierated  ma.tei-ial, 
which  occupies  about  8  10  weidcs.  After  this  ha,s  betm,  (a)ni|)l(d,ed’, 

the  neurilemma,  ch^IIh  a,r<>  stsm  (,0  form 

pa,ra,ll(^l  lines  of  gr<'a,tlyel.onga,te(l  cells 
and  they  present  a,|)|)ea,ra,n(t(s  de- 
'  ceptively  likca,.xonH.  When  tlie  young 
luvrvx^  fibres  grow  along  the  sheath 
(Vom  tlu^  (xmtral  end,  tlie  neurilemma 
cells  ta,ki'  |)a,rt  in.  the,  tornuition  of  new 
medullary  shea,ths  and  thus  in  the 
(!ompl(d,ion  of  the  |)roc!ess  of  repair. 
It  ha,s  Ix'cn  thought  that  the  de- 
genera,t('d  myelin  mxerts  a  eherno- 
i,a,ctic  or  neur(.)tropic  effect  on  the 
young  nmve  fibres,  guiding  thorn  in 
tludr  cours(',  bid,  |)roof  ha,s  not  been 
,  obl,a,ined  by  experiments  on,  a,ninials. 
Fig.  4G().--~-Amputation  nouroinatdi  Kinailly,  lU'w  lixoiis,  whidh-Ht 
at  lower  ead  of  iiorvos  of  arm.  first;  i\,vo  voiy  tihii),  inc.rf^arso  in 

difunclcn.’  iind  uiuIfM'go  n  proGoss  of 
maturation  bofoi’o  tlioir  functioiiuil  (•.a.jiaicuty  is  ix^stoi-ful.  Tinu'.  is  also 
iiGOcied  for  rc-innorvation  of  niotor-caul  plaib's  adul  scaisory  end 
organs,  so  that  restoration  of  funeiion  is  ailways  slow  and  often 
imperfect. 

If  a  nerve  be  c;ruslied  so  that  tlio  aixons  a.i’e  scwerc^l  but  the  con¬ 
tinuity  of  the  endoncuriiun  and  jKvriueurium  ai*(‘.  prchsc^rved,  tlie  distal 
portion  undergoes  VVallciaan  clegenei’ation  UiS  btvfore.  Owing  to  the 
persistence  of  anatomical  counec.tioiis,  howcwca*,  the  rc^gciuvrating 
axons  are  able  to  advance  along  the  tubes  of  prolifca'afiing  iSdiwami. 
cells  more  rapidly  and  functional  restoration  (xxuirs  more  quickly  and 
is  more  efficient  than  after  complete  sevcrancjc  of  thc^  nerve.  Secondary 
suture  of  severed  nerves  up  to  six  months  alder  injury  is  often  satis¬ 
factory,  but  if  performed  later  than  this  it  may  give  unsatisfactory 
results,  chiefly  owing  to  failure  of  proliferative  outgrowth  of  Schwann 
cells  from  the  peripheral  portion,  in  which  the  Schwann  tubes  have 
become  much  reduced  in  size,  and  appear  to  offer  more  resistance  to  ’ 
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penetration  by  the  regenerating  axons.  Accordingly  attempts  at 
restoration  of  function  by  nerve  suture  should  not  be  delayed. 

Congenital  Abnormalities  oe  the  Brain  and  Spinal  Cord 

Brain.  Defects  of  the  brain  are  of  considerable  variety  and  the  anatomical 
changes  are  often  of  a  complicated  nature  ;  we  can  only  summarise  the  main 
facts.  Anencephaly  is  a  condition  in  which  there  is  deficiency  of  the  cranial 
vault  with  absence  of  brain,  although  there  is  often  a  small  sac  with  remains 
of  cerebral  tissue  on  the  exposed  base  of  the  cranial  cavity,  the  base  also  being 
deficient  in  size.  The  condition,  which  is  incompatible  with  life,  is  not  infre¬ 
quently  associated  with  non-closure  of  the  spinal  canal  or  rhachischisis. 

Occasionally  there  is  a  deficiency  in  the  cranial  bones  and  a  sac-like  protrusion 
is  present.  This  occurs  in  the  line  of  a  suture,  is  often  median  in  position 
and  as  a  rule  posterior;  or  it  may  be  lateral,  e.g.  at  the  side  of  an  orbit  or  the 
nose.  The  sac  is  lined  in  some  instances  by  the  membranes  of  the  brain  and 
contains  merely  cerebro-spinal  fluid  ;  the  term  meningocele  is  then  applied.  In 
other  cases  the  sac  is  filled  by  brain  substance,  and  sometimes  when  the  defect 
is  posterior,  may  contain  a  considerable  part  of  the  cerebrum ;  the  condition 
is  then  known  as  encephalocele.  The  term  micrencephaly  means  a  congenital 
smallness  of  the  brain.  There  is  deficiency  in  the  convolutions,  and  the  sulci, 
especially  tlie  secondary,  are  imperfectly  marked  ;  the  state  is  associated  with  a 
greater  or  less  degree  of  idiocy.  The  whole  brain  may  be  deficient,  but  as  a  rule 
the  cerebellum  and  lower  parts  are  less  affected  than  the  hemispheres.  Sometimes 
again,  there  is  a  local  defect  in  growth,  often  associated  with  a  small  size  of 
the  convolutions  or  microgyria.  There  is  no  doubt  that  micrencephaly  is  a 
primary  defect  in  the  growth  of  the  brain,  though  its  cause  is  not  known,  and 
it  is  not  due  to  closure  of  the  sutures,  as  was  once  supposed.  The  term  poren¬ 
cephaly  is  applied  when  part  of  the  brain  substance  is  wanting,  its  place 
being  taken  by  a  collection  of  fluid.  The  space  is  covered  by  the  membranes 
of  the  brain,  and  it  sometimes  communicates  with  the  ventricles.  Two  varieties 
of  the  condition  are  distinguished,  namely,  a  primary  or  developmental  form 
and  a  secondary.  In  the  former,  the  defect  is  due  to  failure  of  growth  or  agenesia, 
and  the  edges  of  the  space  are  usually  smooth.  Such  a  condition  is  occasionally 
bilateral  and  is  sometimes  associated  with  other  abnormalities.  In  the  secondary 
form,  the  lesion  is  supposed  to  be  the  result  of  encephahtis  or  of  interference  with 
the  blood  supply  during  intra-uterine  life,  and  a  somewhat  similar  condition 
may  result  from  injury  at  the  time  of  birth.  The  most  common  abnormality, 
namely  hydrocephalus,  has  been  considered  above  (p.  720). 

Spinal  Cord.  Non -closure  of  the  spinal  canal  or  rhachischisis,  is  sometimes 
met  with,  especially  in  the  lower  part  of  the  cord,  and  is  often  associated  with 
an  encephaly,  but  a  more  common  and  important  condition  is  one  in  which 
there  is  a  local  deficiency  in  the  arches  of  the  vertebrae,  whilst  the  opening  is 
covered  posteriorly  by  soft  tissues.  The  term  spina  bifida  is  applied  to  such 
a  condition  ;  a  distinct  rounded  projection  is  usually  present  over  the  site  of 
the  defect  and  then  we  speak  of  spina  bifida  with  tumour.  When  there  is  no 
such  projection  the  term  spina  bifida  occulta  is  applied. 

The  commonest  position  of  spina  bifida  is  in  the  lumbo-sacral  region,  and  ' 
in  all  cases  the  spinal  cord  extends  to  a  lower  level  than  the  normal ;  in  other 
words,  it  occupies  a  position  which  occurs  in  the  earlier  stages  of  development. 
The  cord  and  membranes  are  variously  disposed  in  different  cases.  In  the 
commonest  form,  the  spinal  cord  is  adherent  to  the  posterior  wall  of  the  sac 
and  the  term  myelomeningocele  is  applied.  The  dura  mater  is  absent  in  the 
sac,  and  at  the  apex  of  the  latter  there  is  often  an  area  where  the  skm  is  deficient. 
At  this  point  there  is  a  smooth  tissue  in  which  the  spinal  cord  is  incorporated, 
the  cord  being  open  posteriorly,  and  sometimes  one  or  two  small  depressions  are 
pi^esent,  the  latter  indicating  the  upper  and  lower  terminations  of  the  central 
canal.  The  spinal  nerves  are  spread  out  on  the  inner  Iming  of  the  sac.  In 
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another  form,  the  apace  contoining  tlie  (liild  is  a  distension  of  the  central  canal 
of  the  spinal  cord  and  is  lined  by  the  epithelium  of  tlio  ependyma.  In’thia 
variety,  winch  is  called  myelocystoceU  or  syringom.ynlocae,  the  spinal  cord  has 
been  closed  in  posteriorly ,  and  thus  the  abnormality  has  arisen  at  a  later  neriod 
of  development  than  the  previous  form.  In  a  tliird  variety,  wliicli  ia  the  least 
common,  the  sae  is  lined  by  a  hernial  {irotrusion  of  the  arachnoid,  whilst  the 
spinal  cord  is  m  its  normal  position  in  relation  to  the  vertebrm.  This  is  called 
meningocele,  in  all  three  varieties  tlio  dura  mater  is  absent  locally.  The  contents 
of  the  sac  in  spina  bifida  are  corebro-spinal  fluid.  In  tho  first  variotv  the  fluid 
IS  m  the  subarachnoid  space  in  front  of  tlie  spinal  cord  ;  in  the  second  it  is 
m  the  dilated  canal  of  tlio  cord,  and  in  tho  third,  it  is  in  the  subarachnoid  space 
bolnnd  ilio  ('.oni. 

Tho  mom  Kcviirc  iorins  of  moiiiugornyolocolo  a.ro  almosi,  invariably  nssociated 
u  itli  h,ydr(.c<ipha.lus  anil  a,  umllorma,tioM  ciai.sist  iug  of  a  Inaguo-liko  prol(mmi,i,iou 
o  tho  ccroholhau  ovoHyiug  and  closoly  a-ttachad  to  tho  muoh  oha, gated  m.thdia 
at  tho  apo.K  ol  wluch  hos  tho  ciioroid  plexais.  'I’ho  lower  part  of  tho  groatlv 
cxlondod  lom'lii  void  nolo  liuis  lie.s  in  (ho  uppor  pari,  ol'  the  vortobral  lauml  anil 
tho  formnon  uaiguum  is  blocked  by  the  a.biaa'mallv  disposed  tissue  Crom  tho 
posterior  lossa.  This  eomhiiia.tioii  is  known  as  tho  .■Vniold -Cliiari  iimll'o, •illation 
and  ■tus.sell  and  DoiiakI  suggi'st  tho  displacomeiit  ol'  tho  roramiiia,  of  Magoiuliu 
and  laisehka  into  tho  spinal  eaiial  loa.ds  to  eommiiiiicatiiig  liydrocoplaUus  tho 
hiid  houig  utmhle  to  entor  I, he  era.iiial  eavii.y  owing  to  tho  obstriietion  of  tho 
fonuiKMi  itiiin-miin. 

In  spina  hifida  occulta,  whore  there  is  no  swolling  to  indicate  tho  defect 
the  skin  over  tlie  part  usually  shows  abnormalities  in  appoaraiico,  and  not 
mlrequontlv  there  is  oxcossivo  growth  of  hair  on  i(,.  I  lore  a, Iso,  I, ho  cord  ox(,onds 
to  a  lower  level  m  tlie  spinal  canal  than  normally.  Almormalitios  in  connection 
with  the  central  canal  liave  already  been  described  {vide  syringianyolia,  p.  772). 


TUMOURS  OF  BRAIN  AND  SPINAL  CORD 


lumours  of  thes  central  nervous  system  are  of  comparatively 
common  occurrence  and  represent  a  great  variety  of  types  Those 
in  connection  with  the  brain  may  be  classilied  as  ?  I.  Extra-cerebral 


Fiq.4()7. — Section  of  nioiiingioma  of  ooiu- 
mon  cellular  typo  si, lowing  tho  arrangi^- 
inent  of  cells  and  (ibros  in  whorls. 
X  100. 


Kkj.  MiiS.  Kil)i’o-(Bulotih(^li()mHi  or  tnen- 
ingioiuH,  ()1‘  (lui'a  nuitor,  showing 
(il)roo(‘.n.ii,hi,r  massifs  wil^h  (‘onrontric, 
iiirrangi'iinonii and  Ibnnaidonothyulino 
bodies.  X  ITiO. 
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tumours,  arising  from  the  membranes  or  the  sheaths  of  nerves  ; 
II.  Cerebral  tumours  'proper,  arising  from  the  brain  tissue — in  the 
vast  majority  of  cases,  from  the  neurogha.  A  similar  classification 
holds  with  regard  to  tumours  of  the  spinal  cord. 

1.  Extra  "Cerebral  Tumours.  The  commonest  tumour  of  this 
class  is  the  fibrO’-endotJielioma  or  meningioma,  also  known  as  psam¬ 
moma.  The  microscopic  features  of  a  somewhat  cellular  menin¬ 
gioma  are  shown  in  Fig.  467,  and  of  a  psammoma  in  Fig.  468. 

Meningiomas  vary  greatly  in  character,  some  being  relatively 
hard  or  cretaceous,  others  being  less  fibrous  and  softer.  In  certain 
situations  they  may  grow  to  a  remarkable  size  before  causing  death. 
They  are  well  demarcated  from  the  brain  tissue  and  are,  as  a  rule,  of 
simple  nature.  For  these  reasons  they  are  specially  amenable  to 
surgical  treatment  and  can  often  be  successfully  removed.  The 


Fig.  469. — ^Meningioma  attached  to  dura  mater,  showing  the  typical  depression 
of  the  cerebral  cortex  from  which  the  tumour  is  readily  withdrawn.  X  1. 

commonest  site  is  over  the  vertex  close  to  the  sagittal  sinus— para¬ 
sagittal  meningioma  ;  next  in  frequency  is  on  the  under  surface  of 
the  brain  between  the  frontal  lobes  (Fig.  470),  w^here  they  originate 
in  the  region  of  the  olfactory  groove  and  cause  characteristic  symptoms 
(Cushing).  Not  very  rarely  a  meningioma  may  arise  from  the  tela 
choroidea  and  appear  as  an  intra- ventricular  growdh.  Frequently  a 
meningioma  infiltrates  the  bone  like  a  mahgnant  growth  and  gives 
rise  to  considerable  thickening  of  the  bone  in  relation  to  it,  but 
metastases  do  not  occur.  The  spinal  meningiomas  correspond  in 
their  general  characters,  but,  owing  to  their  situation,  are  of  smaller 
size  (Fig.  471).  They  are  intradural  growths  which  arise  most 
frequently  on  the  postero-lateral  aspect  of  the  cord,  and  the  disturb¬ 
ances  at  first  are  chiefly  sensory — -pain,  paraesthesia,  etc.  At  a  later 
period  various  effects  up  to  complete  paraplegia  may  result  from 
pressure  on  the  cord.  A  growth  may  have  a  comparatively  slender 
attachment  and  thus  it  may  be  readily  removed. 
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MimMcopkallji  tlu^  nKMviiigioniiita,  whow  ooii,si(l(vra,I)l((  va.fiatioii  in 
lii(3ti<)I()g-i(ail  stnini.mv,  i.lu-  mowt  coininon  vaii-intiy  being  eomposed  of  a 
fibro-cudlular  (.issue  M'il.li  a,  .sotncnvhaif.  whorled  a.i)|)ea,i-;MU!('  owing  to 
the  (!()ne(‘n(.ri(;  a.iTa,ng('nieid.  of  i.lie  eolls.  In  some  th((  eenl.ivs  of  the 
whorls  e,()n(.a.in  sina.ll  blood  vc^ssids,  but  otlna-s  undergo  hya.lin('  (diange 
and  become  calcilied,  resuKving  in  a.  hard  gritty  mass  (aud.a.inin"- 
numerous  spherical  eal(ati(al  particles — the  |)sammonia.  or  bra.in-sand 
l.umour.  In  the  more  eellula,r  va,rieti(‘s  the  vv'horls  a.ro  composc'd  of 
rather  plump  spindle-slrai|)ed  cells  res(^mbling  endothelium,  but  all 
degrees  of  tra.nsition  to  the  fibrous  type!  a.re  ene(.  with.  'I'ho  ecellular 


iroin  Hinu’.liuoid  und  pre^Bsing 
on  Hpiiial  cord,  x  j. 


type  of  growth  is  Gsp(3cially  apt  to  invade  the  ovei'lyii'ig  bone,  giviiio* 
rise  to  hyperostosis.  .  . .  -to 

.  McHiingiomaB  formerly  r(3gar(:iod  aB  idimoiirH  of  t.lu'>  dura,,  hull  r(M*oiitily 
the  viewpas  been  put  forward  that  they  are  all  derived  from  colls  of  the  arach- 
noid,  and  the  name  hptommmgioma  has  been  applied.  So  far  as  the  nalmd-oye 
appearances  go,  we  consider  that  some  actually  grow  from,  the  dura,  whilst  otliors, 
especxally  the  larger  ones,  originate  from  the  arachnoid,  tlie  dura  boc,oming  adhor- 
©n  o  a  varying  extent.  The  two  types  of  tumour  are,  however,  of  the  same 
structural  type,  though  those  clearly  growing  from  the  dura  are  usually  of 
harder  consistence.  ' 

It  is  now  generally  agreed  that  the  anatomical  analogues  of  the 
meningioma  are  the  arachnoidal  granulations  or  jiacchioriiau  bodies 
which  normally  penetrate  the  dura  along  the  course  of  the  venous 
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siiiiisoids  and  through  which  the  cerebro -spinal  fluid  is  reabsorbed 
into  the  blood.  Such  an  origin  would  explain  the  distribution  of  the 
neoplasms  which  corre¬ 
sponds  generally  with  the 
sites  of  the  arachnoidal 
granulations ;  and  also 
the  fact  that  some  would 
appear  to  arise  in  the 
dura,  some  in  the 
arachnoid. 

x4nother  comparatively 
common  intracranial 
tumour  is  a  neuro^ fibroma 
in  connection  with  the 
sheath  of  the  auditory 
nerve.  It  takes  origin 
in  the  vestibular  portion 
and  causes  dilatation  of 
the  internal  auditory 
meatus,  a  feature  some¬ 
times  helpful  in  diagnosis. 

It  may  come  to  form  a 
mass  of  considerable  size,  somew^hat  nodulated  on  the  surface, 
in  the  cerebello-pontine  angle,  where  it  sometimes  produces  a  re¬ 
markable  displacement  of  the  parts  (Fig.  473).  Microscopic  exam- 


Fig.  472. — Two  arachnoidal  granulations  lying 
in  small  dural  veins.  These  whorled  struc¬ 
tures  are  the  analogues  of  the  meningioma. 
X  250. 


Fig.  473. — ^Large  tumour  of  sheath  of  the  auditory  nerve  in  cerebello-pontine 
angle,  which  has  caused  great  displacement  of  the  adjacent  structures,  x  |. 

ination  shows  the  growth  to  be  composed  of  a  fibre -cellular  con¬ 
nective  tissue  of  whorled  or  fasciculated  appearance  commonly  with 
clusters  of  fat-laden  foamy  cells  between  the  fasciculi.  At  places  the 
cells  are  closely  arranged  in  a  parallel  fashion  and,  as  the  nuclei  are 
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often  rod-Hiaped,  a  ^  paJisjidc^  ’  a|)|)(‘arai)e(^  resulte 

(Fig.  474).  In  addition  to  ordiiniry  conn(n‘4iv(^  tissiu^  a.nd  rcdj'cai'luni 
fibres,  there  is  a  consideraI)l(‘  proportion  of  tissue,  tfu^  (U'lls  a,n<I  fil)r6s 
of  ■which  Kstain  a  bro\v'iiish-y(^lI()w  iFit  A\'ith  va,n  Gicvson’s  iliiid.  The 
latter  ccdls  ai’e  for  tlie  most,  pa,rt  spindle-sluvped,  but  some  resemble 
ncnrogliaJ  (icfls.  Certain  obs(‘rv(‘rs,  e.g.  Ma,sson,  (U)nsid(vr  that  they 
are  (h'rivafives  of  neurihunma,  cells,  and  in  aaaa)rda.n(ie  with  this  view 
tlK^  (,('nn  ^diAmmmoma  has  been  a,i)|)lied  t^o  (b(‘  tumour.  Multi|)Ie 
neunwtibromafa  oeca.sionally  (xnair  on  thc^  lUArvc^  I’oots,  both  of  the 
brain  and  spiiial  cord  in  cases  of  gcmeral  iU'uin-fibromatosis  (j).  793), 


Bio,  471  .'  -“AeousBit;  norvo  tumour,  ntiowing  |)a,nHa,<I('!  a.rra,ng('ititHai[t  of 
colls  aiul  oth(‘r  features.  X  I  (50. 


TTiiiiaours  of  vascular  origin  aro  of  rare  occnirrc'ncci.  (lushmjjj  au<l  Bailoy 
ill  thoir  soi’ies  found  that  thciy  formod  alxnit  2  per  c.ont.  of  ctaxiaal  tumours. 
Jt hoy  divide  them  into  (1)  angiomatous  niailforniatioiis  which  may  Ix'i  chiefly 
cajDillary,  venous  or  arterial  in  conatitution,  and  (2)  tlu'i  haunangiohla, stomata 
or  true  neoplasms  of  blood-vessel  elornents.  A  jxx'uliar  syiulronie  in  which  one 
of  the  latter  growths  is  present  has  Ixwn  deserilnxl  by  Lindau  and  is  now  known 
as  Lindau  s  disease.’  Jn  this  the  vascuilar  tumour,  which  is  most  froquontly 
in  thn  cerebellum,  is  cornpos(xl  of  vascmlar  (jhannoJs  or  spaces,  Ixjtween  which 
there  is  a  large  accumulation  of  lipoid-laden  eells  with  a  peculiar  reticulum  of 
fibres  between  them.  There  is  a  marked  tiuulency  to  cyst  formation  ;  transuda¬ 
tion  of  fluid  occurs  into  the  tissue  and  forms  a  spacer  or  sjiaces  (^onta,ining  fluid 
and  lined  with  compressed  neuroglia,.  In  association  with  the  growth  there 
may  be  capillary  angiomatosis  in  other  parts  of  the  nervous  system  and  in  the 
retina ;  there  are  also  lesions  which  are  not  of  vascular  nature—  <;ysf,s  in  the 
pancreas  (p.  (591)  or  kidneys,  and  simple  growths  in  tlie  kidiuiys  or  adrenals. 

Sarcomata  sometimes  arise  from  the  membranes  of  tlic  brain  and 
.present  the  usual  features,;  occasionally  a  growth  extends  widely 
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over  the  surface  of  the  brain.  In  some  cases,  however,  these  growths 
are  really  medulloblastomas  which  have  invaded  the  meninges.  Occa¬ 
sionally  a  primary  melanoma  occurs  in  connection  with  the  mem¬ 
branes  and  forms  a  diffusely  spreading  growth. 

II.  Cerebral  Tumours.  The  term  is  used  in  the  strict  sense  to 
include  all  the  growths  which  arise  from  the  primitive  medullary  epithel¬ 
ium.  The  gliomata  or  tumours  of  the  astroglia  form  the  largest  group, 
but  there  are  growths  which  arise  in  connection  with  the  ependyma 
and  also  rarer  growths  in  which  neuroblasts  are  concerned.  Recent 
research  on  this  subject  dates  from  the  publication  of  Bailey  and 
Cushing  s  work  and,  though  there  is  still  uncertainty  with  regard  to 


Fig.  475. — Glioma  of  right  lateral  lobe  of  eerebelluni  with  large  space  due  to 
softening  of  the  growth,  x  f. 

some  points,  there  is  general  agreement  on  the  chief  facts.  A  brief 
summary  of  these  may  be  given. 

From  the  medullary  epithelium  three  main  ceU  types  take  origin, 
viz.  (1)  the  primitive  spongioblast,  (2)  the  medulloblast,  and  (3)  the 
neui'oblast. 

From  the  primitive  spongioblast  arise  (a)  the  cells  of  the  astroglia 
(ordinary  neuroglia)  and  (6)  the  cells  of  the  ependyma.  The  astroglia 
is  formed  through  intermediate  stages  of  apolar  and  polar  spongio¬ 
blasts  and  astroblasts,  the  adult  cells  being  the  protoplasmic  and 
fibrillary  astrocytes  (p.  697).  The  ependymal  cell  has  an  ependymal 
spongioblast  as  its  immediate  progenitor.  The  medulloblast  gives 
origin  to  the  cells  of  the  oligodendroglia  and  probably  also  to  astro- 
blasts  and  neuroblasts  (opinion  varies  on  this  point).  The  neuro- 
blasts  are  at  first  apolar,  and  then  pass  through  the  stages  of  polar 
neuroblasts  to  form  the  adult  nerve  cells  or  neurons. 
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On®  may  say  that  there  are  tumours  correspoudiiig  in  a  general 
way  to  the  various  stages  in  the  development  of  tlio  cells  mentioned 
although,  as  might  be  expected,  more  than  one  stage  may  be  repre- 
seided  and  a  rajiidly  gi'ovving  eelhilar  anapla„sti(!  growth  may  take  orimn 
Iroiu  |)art  of  a  ])re-t'xislring,  Iess-C(‘llula.r  tumour.  As  in  olrluu-  tissues 
tli(^  g(‘neral  rule  ustially  appli(>s  Unit  tlu^  moi’e  primitive  oi-  imdilferen-’ 
tinted  the  cOls  aiv,  tiu^  mon^  rapid  is  their  growtli.  VVe  sliall  give 
the  (!liara,(!ters  of  the  thna^  commonest  growiJis,  viz.  astrocytiima, 
glioblastoma  (spongioblastoma)  and  inedidlobla-stoma,  and  mention 
brielly  sonn^  ol  th<(  otiu'rs.  Th(‘S(>  tJirisi  growl^hs  conslitnU^  fully 
<80  pei-  cent,  ol  tlu^  tumours  in  Buiih'y  a.nd  (lushing’s  series.  Ihe 
first  two  are  undoubtedly  tim  commonest  and  repn-simt  roughiv  the 
simple  and  malignant  growths  of  the  ordinary  mmroglia,,  imrn'sponding 


Fia.  47(>.— CIlioblaKtoma  of  froivtal  lobtx 
Note  the  margin  and  lueinorrliaglo  ariuis.  x  i. 


ill  fact  to  fihrornai  and  Hai’cjoiua.  Idic  tiu'.ords  vvii/h,  ri^o-ad'd  to  the 
fieqiiency  ol  tJu^  two  typos  vai'y  soiiu^wluit.  .According  to  some 
(e.g.  .Bailey  and  ( hislii, ng)  tli(‘,  aistrocytonia  is  tJi<i  coniinoiua; ;  aocuirding 
to  others,  the  gliobhistoinai. 

Asln)(\i/f/ma .  Tim  was  fornus'ly  known  as  tlu^  simph^  glioma; 
it  is  a  slowly  growing  whitish,  tumour,  badly  (hdiiudl,  at  the  margin 
where  it  incd'ges  witJi  tJu^  surrounding  nervous  mafter.  ''.FJie  tumour 
often  becomes  (edematous  and  tJien  undcirgoc’is  softening,  (*yst-like 
spaces  tlais  resulting.  Tho  c(dl.s  ar(^  usmilly  ;libn-lhiry  a-stro’eytes,  but 
are  olten  (elongated  or  ^  piloid,  ’  instead  of  being  stcdlate.  Idie  amount 
of  fibril  formation  varies  mucJi  in  dillenuit  s})(^cimeus  (,Kig.  477). 
The  astroblastoma,  wliieh  is  comp(,)s(‘d  of  cxdls  of  lc\ss  diHerentiatccl 
^yp®j  is  usually  a  somewhat  softer  and  more  vascular  growtli.  It  is, 
however,  of  less  frequent  occurrence,  ^ 

Intermediate  varieties  are  met  with  between  a  distinct  tumour 
and  a  more  diffuse  overgrowth  which  may  be  called  gliomatoais.  The 
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latter  condition  is  found  especially  in  the  pons,  where  marked  enlarge* 
ment  may  result,  although  the  structural  arrangement  of  the  pons 
may  be  well  maintained.  Gliomatosis  occurs  also  in  relation  to  the 
central  canal  of  the  spinal  cord  in  connection  with  syringomyelia 
(p.  772).  Apart  from  this  condition  glioma  in  the  spinal  cord  is  rare. 
(jlioblastoma.  The  type  cell  is  here  the  spongioblast  which 
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1  Fxgs.  477-480.— Types  of  Cerebral  Tumours.  X  225. 

Yiq,  477.— Astroeytoma.  Fig.  478.— Glioblastoma  multiforme. 

Fig.  479.— Medulloblastoma.  Fig.  480.— Ependymoma.  • 


arises  from  the  medullary  epithelium.  It  is  thus  a  primitiTe  cell 
developmentally  and  the  corresponding  tumour  is  a  rapidly  growing, 
cellular  mass  ;  it  may  be  said  to  correspond  to  the  sarcoma  of  ordinary 
connective  tissue  and  hence  was  formerly  called  gliosarcoma.  The 
commonest  type  is  characterised  by  great  variations  in  the  cells 
and  is  accordingly  called  glioblastoma  multiforme  or  spongioblastoma 

I  Dr.  J.  W.  Kernoban  kindly  lent  tb©  sections  from  wMcb  Figs.  479,  480 
were  taken. 
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vmUifm-me,  ilu^  former  l.enn  l)oing  |)refc^ra,ble  l)(>eaii.s('  tile  anaiila.stio 
tumour  ecllw  often  hear  little  reMemlilaiiee  to  H|)oii<,n'()hIasts'. 

This  tiiinoiir  is  met  witli  usually  afxmt  middle  life  arid  oeeurs 
most  frequently  in  tlie  cm-ebral  lumiispbeies,  wliere  it  often  forms  a 
large  mass.  The  tis.sue  is  soft  a.ud  vaseular  and  is  often  the  seat 
of  hmmorrliages  and  neero.sis.  A  eei'tain  amount  of  conden.sation 
of  ti.ssuc  may  be  present  at  the  margin  and  give  the  deeeptive 
appearance  of  a  eapsulc  being  [iresent.  The  elTeei.s  of  the  growth 
are  tho.se  both  of  destruction  and  of  pre.ssure.  Its  (X'lls  are  of  frfeat 
variety  in  size  and  in  shape,  oval,  spindle-shaiied,  etc.,  and  very  often 
they  are  of  large  and  of  irregular  form,  with  afierrant  nuclea'r  char¬ 
acters  (Fig.  478).  Mitoses  are  compa,ra,tiv(4y  frequent.  A  common 
feature  is  tlie  presence  of  .solid  bud-like  or  ‘  glomernloid  ’  growths  of 
endothelial  cells  projecting  from  the  ves.siO  walls.  The  histolocrical 
picture  may  vary  at  dilferent  puirts  and  tluu'i^  may  be  at  tilacos  a 
considerable  number  of  a.strocytos  ;  thc.se  may  pos.sibly  represent  in 
part  a  reactive^  lormaf.ion.  Ki'opla.sms  a-ix'  ociaiisioually  mot  with  in 
which  the  cells  ha.v(^  otm  or  two  proc.c.ssi's  a, ml  these'  aio'more  properly 
(lalled  uniiiolar mid  bipolar  spongiobla, stomas,  'flu'se  re|)ioscnt growths 
from  cells  more  differc'iitialed  and  ohh'r  in  ontogenetic,  dc've'lopment 
and  their  most  frequent  site  is  about  tiue  optic  (eliiasma,. 

Medulloblastoma.  The  medulloblast  is  another  cell  which  de¬ 
velops  from  the  medullary  epithelium  ;  its  relationships  have  been 
stated  above.  Like  the  glioldastoma  the  medulloblastoma  is  a 
rapidly  growing,  cellular  tumour.  Its  cells  in  jilacos  are  spherical  in 
form  with  little  protoplasm,  resi'inbling  tho.sc^  of  a  round-collcd  sar¬ 
coma,  and  there  are  no  fibrils.  .In  other  parts  tlu^  cells  are  somewhat 
triangular,  like  short  carrots ;  they  tend  to  be  arranged  round  blood¬ 
vessels  and  also  as  circlc.s  or  rosettes  without  ccmtral  cavity  (Fig.  479). 
The  medulloblastoma  occurs  especially  in  children  and  a  common 
site  is  the  cerebellum  and  roof  of  the  four'th  vi'iitrich',  wlicre  it  forms 
a  cellular  mass.  It  is  met  with  also  in  adults  and  oeciasionally  extends 
to  the  meninges  where  it  fionns  a  diffu.se  sptnading  growth  like  a 
sarcoma.  ' 


Ep^ymoma  Him  is  a  rare  tumour  mot  with  most  froquoutly  in  tho  fourth 
ventnelo,  though  also  m  tho  othor  voutriclos  ami  in  i.lio  .spinal  cord.  Tho  type 

nl!no»n°“®u  la'uiy  fibrils.  At 

places  the  cells  are  distmctly  of  ciliated  columnar  typo  and  lino  st.acoa  (.Vig.  480)  ; 

near  the  base  of  tho  cilia  (hero  i.uiy  bo  small  rod-sluqiod  ‘  lilopharoplasts  ’  The 
ependy^blMtoma  is  a  lo.ss  difroroutiated  typo.  Ancthor  form  of  ventricular 
growth  IS  the  choroidal  papilloma.  H  ha.s  a  di.stimddy  paiiilliforni  structure, 
being  composed  of  a  vascular  coniioctivo  tissue  coni  coverod  by  columnar  epithe- 
lium.  It  grows  slowly  hut  produces  prossiiro  offoo.ts. 

r «ohular  growth  occurring  chiefly  in  the 
erebral  hemispheres.  It  is,  however,  more  slowly  growing  tUnr'  the  Klio- 
medulloblastoma  and  as  a  rule  there  is  calcification  at  places.  Tho 
clear  rounded  like  those  of  tho  oligodoiulroglia,  with  somewhat 

cell-membranos,  and  tho  procosses  arc  small  and 

NeuroUastoma  and  GangUocytoma.  These  constitute  a  class  of  rare  but  very 
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in  iuniours  composed  of  primitive  nerve  cells  are  commoner 

nenrn^r'f’””  Sympathetic  system  (p.  256).  The  type  cell  is  the 

neuroblast  and  it  is  seen  at  different  stages  of  development.  The  nucleus  is 
f  vesicular  type  with  a  distinct  nucleolus  and  in  more  adult  types  of  growth 
ere  may  be  formation  of  Nissl’s  granules  and  dendrites  in  varying  degree. 
We  have  observed  two  such  growths  in  the  pineal  gland  in  young  iiants.  The 
of  the  cSr  ^  tnmours  varies  according  to  the  stage  of  development 

Several  cases  have  been  recorded  in  which  multiple  tumours  of  neuroglia 
and  nerve  cells  have  occurred  in  the  cortex  of  the  brain,  in  association  with 
rhabdomyoma  of  the  heart  muscle  (p.  380)  and -other  congenital  abnormalities, 
the  condition  being  known  as  tuberous  sclerosis. 


^  Cholesteatofna  (pearly  tumour)  is  occasionally  foiuid  in  connec¬ 
tion  with  the  membranes,  especially  at  the  ba.se  of  the  brain.  It  is 
well  encapsulated,  and  its  substance  has  a  whitish  and  rather  glancing 
appearance  and  a- somewhat  crumbling  character.  The  wall  is  thin 
and  is  composed  of  cells  of  squamous  epithelial  t3rpe  from  which 
keratinised  squames  are  shed  into  the  interior  thus  distending  the 
cyst,  where  they  accumulate  together  with  crystals  of  cholesterol.  It 
was  at  one  time  believed  to  take  origin  from  the  endothelium  of  the 
arachnoid,  but  there  is  little  doubt  that  it  is  of  epidermoid  origin  and 
represents  a  congenital  abnormality.  In  some  instances  hairs  and 
sebaceous  glands  have  been  present. 

A  somewhat  similar  growth,  partly  cystic,  partly  solid,  is  found 
m  the  region  of  the  pituitary  stalk  compressing  the  gland  in  the  sella 
turcica  and  pressing  upwards  into  the  third  ventricle.  These  growths 
arise  not  from  Rathke’s  pouch  but  from  nests  of  epidermoid  cells 
derived  from  the  pars  tuheralis  and  are  known  as  suprasellar  cysts 
or  cranio-pharyngioimta.  Their  lining  epitheUum  is  in  part  squamous, 
but  in  many  there  is  a  partial  differentiation  towards  enamel  organ 
type  with  formation  of  the  typical  stellate  reticulum  (Fig.  481),  and 
the  name  ccdiaTnantiTiOTna  is  sometimes  applied.  The  wall  is  usually 
partiallyicalcified.  The  chief  clinical  features  are  disturbances  of 
vision  and  of  hypophyseal  function  (p.  1012). 

Teratomata  have  occasionally  been  found  at  the  base  of  the  brain, 
especially  in  the  region  of  the  pituitary,  but  they  are  rare  ;  they  also 
occur  in  the  pineal  gland,  where,  in  boys,  their  occurrence  is  often 
associated  with  precocious  sexual  development. 

Secondary  growths,  both  sarcoma  and  carcinoma,  are  met  with  in 
the  brain  and  the  possibility  of  secondaries  from  a  primary  bronchial 
carcinoma  must  always  be  considered  ;  sometimes  a  solitary  metastasis 
precedes  symptoms  referable  to  the  lungs.  An  extensive  secondary 
invasion  of  the  brain  by  melanotic  grow  tbs  is  sometimes  observed. 
The  cells  of  the  growth  have  a  great  tendency  to  spread  along  the 
perivascular  spaces,  so  that  vessels,  including  even  the  capillaries, 
may  be  ensheathed  by  them. 

Efi’BCTs  OF  TtrMOURS.  Intracranial  tumours  produce  both  local  and 

general  effects.  By  pressure  on  the  motor  areas  they  may  give  rise- 
to  symptoms  of  irritation  leading  to  spasms  and  convulsions,  or 
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paralysis  may  be  brought  about  by  pres.siii  e  on  or  by  actual  destruction 
of  the  nerve  cells  and  fibres.  A  growth  of  considerable  size  leads  to 
increase  of  the  contents  of  the  cranial  cavity,  and  thus  the  convolu¬ 
tions  become  flattened  and  symptoms  of  compression  result.  An¬ 
other  result  is  that  owing  to  the  pressure  above,  the  medulla  alono' 
with  the  adjacent  cerebellar  tissue  is  pushed  down  into  the  foramen 
magnum  and  forms  a  sort  of  cone-shaped  plug  or  ‘  pressure  cone.’  In 
this  way  the  cranial  cavity  would  appear  sometimes  to  be  quite  shut 
off  from  the  spinal  canal.  A  tumour  occurring  below  the  tentorium 
very  often  presses  on  the  aqueduct  of  Sylvius  or  fourth  ventricle. 


.met.  4S1.  -HuimiHclIiu’  .showing  pn.rl.ly  H<tuii,mouK,  pai-Uy  ‘  adamantino- 

nuitous  ’  std'iu'tdire. 

Note  the  stollate  rciiculmu  wiMiln  Mu‘  ('.pitlwlial  liaiulB.  x  85 

w 

and  tlius  leads  to  hydrocephalus  (p.  719).  This  condition  may  also 
be  produced  by  a  tumour  at  a  higher  level  exerting  pressure  on  the 
foramina  of  Monro  or  on  the  third  ventricle.  Occasionally  unilateral 
hydrocephalus  may  result  from  occlusion  of  one  foramen  of  Monro. 
Ihe  occurrence  of  optic  neuritis  or  papilloedema  is  a  common  result 
of  cerebral  tumours.  It  is  apparently  produced  in  a  mechanical  way, 
the  cerebro-spinal  fluid,  owing  to  the  increased  pressure,  being  passed 
along  the  sheath  of  the  optic  nerve  ;  thus  the  venous  return  is  inter¬ 
fered  with,  and  the  disc  becomes  engorged  and  then  oedematous, 
the  condition,  also  known  as  ‘choked  disc,’  thus  resulting. 

Tumours  of  the  Peripheral  Nerves 

These  may  take  origin  from  the  connective  tissue  of  nerves — hence 
often  called  ‘  false  neuromata  ’ — ^and  are  of  various  types.  They 
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are  usually  fibromata,  but  occasionally  myxomata,  and  a  myxoma 
may  reach  a  large  size  and  undergo  central  softening  ;  lipomata  also 
have  been  met  with.  JSTeuro-fibromata  may  occur  as  isolated  single 
nodules,  rounded  or  fusiform  in  shape,  or  there  may  be  several  The 
nerve  fibres  may  be  spread  over  the  surface,  especially  at  one  side,  but 
are  not  incorporated  in  the  tumour.  The  term  perineural  fibroma  is 
often  applied.  Such  grovdhs  are  fibro- cellular  tumours,  the  cells  being 
arranged  in  bundles  or  whorls  aiid  the  proportion  of  cefis  and  fibres 
varies  greatly,  so  that  some  are  hard  and  fibrous,  others  soft  and 
cellular.  The  latter  are  prone  to  local  recurrence  and  sarcomatous 
transformation  is  common.  Such  gro^vths  have  usually  been  believed 
to  arise  from  the  cells  of  the  endon^rium  or  perineurium.  In  others, 
the  characteristic  palisade  arrangement  of  nuclei  described  in  con¬ 
nection  mth  the  acoustic  nerve  tumour  is  often  seen.  Masson,  as 
the  result  of  experimental  enquiry  and  observations  on  human  examples, 
holds  that  these  originate  from  neurilemma  cells.  If  a  piece  of  nerve 
is  removed  and  then  a  transverse  incision  is  made  near  the  proximal 
end  of  the  distal  portion  a  tumour -like  grovdjh  arises  from  the  part 
of  the  nerve  thus  isolated.  The  neurilemma  cells  proliferate  and  form 
a  S3mcytium,  the  nuclei  of  which  divide  in  a  parallel  manner  and  give 
rise  to  the  palisade  appearance.  Division  of  the  cjdoplasm  then 
follows  and  collagen  is  formed  between  the  individual  cells.  This 
last  occurs  under  the  iiifiuence  of  the 
neurilemma  cells,  and  according  fco 
Masson  the  only  mesoblastic  collagen 
present  is  that  in  relation  to  blood 
vessels.  The  terms  Schwannoma,  neuri¬ 
noma  or  peripheral  glioma  have  been 
applied  by  supporters  of  this  view. 

Certain  appearances  lend  support  to  it, 
but,  the^,tter  cannot  be  regarded  as 
settled.  Sarcoma  may  arise  in  con¬ 
nection  with  comparatively  large 
nerves,  e.g.  the  posterior  tibial,  and  the 
real  origin  of  the  grovdh  is  sometimes 
overlooked. 

In  other  cases,  a  group  of  nerves,  a 
plexus,  or  the  sciatic  and  its  branches, 
may  be  affected  generally,  and  show 
numerous  irregular  tliickenings  with 
oval  or  beadlike  swellings  in  their 
course  (Eig,  482).  Then  there  is  the 
form  known  as  the  plexiform  or  racemose 
type,  where  the  nerves  of  a  region, 
usually  the  scalp  or  the  neck,  are  the 
seat  of  tortuous  thickenings  which  often 
give  rise  to  firm  elevations  with  some- 


Fig.'  4S2. — Diffuse  neuro-fibro¬ 
matosis  of  sciatic  nerve  and 
its  branches. 

Note  the  nmneroua  nodules  of  various 
sizes  and  forms. 
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what  convoluted  appearance.  Recently  we  liavo  observed  a  re¬ 
markable  example  of  this  growth  involving  extensively  tiro  wall  of 
the  large  bowel  and  rectum.  Further,  there  is  the  condition  of 
general  neuro-fibromatosis  (‘  von  Recklinghausen’s  disease  ’),  where 
nodules  of  various  sizes,  sometimes  numbering  hundreds,  occur  along 
the  small  branches,  especially  of  the  skin,  but  also  in  some  cases 
along  the  visceral  branches  of  the  sympathetic.  In  this  disease, 
nodules  are  sometimes  met  with  also  on  the  spina]  nerves  and  their 
roots,  within  the  spinal  canal.  The  connective  tissue  of  the  nodules 
varies  in  character  but  is  often  of  dense  hyaline  nature  ;  nerve  fibres 
can  be  traced  running  through  it  at  places.  It  is  interesting  to  note 
that,  as  mentioned  in  a  previous  chapter  (p.  250),  neurofibromatosis 
is  often  associated  with  multi})l('  pigmented  patcluw  in  the  skin. 
Tjastly ,  there  may  be  occasionally  a  hxcilisc'd  {londition  of  gixavt  general 

thickening  of  the  tissues,  with  notlulation  and  folding  of  the  skin _ a 

sort  of  local  elephantiasis,  to  which,  the  name  deplimdladfi  nmnmatosa 
has  been  applied.  ■ 


CHAPTER  XVI 
URINAEY  SYSTEM 
THE  KIDNEYS 


The  kidneys  are  the  seat  of  various  lesions  corresponding  in  nature 
with  those  of  other  organs — ^infective  lesions,  tumours,  etc.,  hut,  in 
addition,  owing  to  their  excretory  functions,  their  cells  are  specially 
exposed  to  the  action  of  toxins  and  poisons  of  all  kinds,  and  damage  ^  / 
produced  in  this  way  is  very  common.  Such  damage  may  be  re- 
covered  from  or  may  lead  to  pe^jg^ent  disease.  In  many  casesj 
lesions  in  the  kidney  may  not  lead  to  any  recognisable  interference  / 
with  their  function,  though  the  reserve  power  is  probably  diTnim'shftH 
but  in  others,  marked  insufficiency  is  the  result,  as  is  shown  by  changes 
in  the  urine  and  blood,  and  also  by  serious  sjnnptoms  of  ill  health. 
Such  interference  with  function  is  specially  met  with  in  the  various 
forms  of  Bright’s  disease,  and  furthermore,  important  secondary  effects 
are  produced  in  other  parts  of  the  body.  This  subject  is  one  of  great 
clinical  and  scientific  importance,  and  we  may  add,  of  great  complexity, 
and  demands  special  consideration. 

It  is  desirable  at  the  outset  to  draw  attention  to  the  very  large 
volume  of  the  renal  circulation,  which  is  about  one -fifth  of  the  total 
cardiac  ^jput  and  amounts  to  not  less  than  1,500  litres  per  day. 
From  this  no  less  than  180  litres  of  glomerular  filtrate  are  formed,  of 
I  which  aU  but  1-5  litres  is  normally  reabsorbed  in  the  renal  tubules. 
iThe  kidneys  may  therefore  be  very  properly  regarded  as  organs  for 
the  conservation  of  body  water  rather  than  merely  for  its  excretion, 
as  Cushny  first  appreciated,  and  although  his  filtration-reabsorption 
theory  of  renal  function  has  had  to  be  modified  to  include  tubular 
^excretion  of  certain  substances,  e.g.  diodrast,  it  remains  nevertheless 
the  essential  basis  on  which  w’e  found  our  conception  of  the 

1  pathological  physiology  of  the  kidney,  some  aspects  of  which  will  be 
considered  more  fully  later  in  the  light  of  the  structural  changes  of 
renal  disease. 


Atrophy  and  Hypertrophy 

The  effects  of  various  conditions  which  cause  atrophy  are  well 
illustrated  in  the  case  of  the  kidneys.  The  commonest  cause  of 
nutritional  atrophy  is  interference  with  the  blood  supply,  and  this 
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goiierally  occiirvs  in  scuit.tered  jiroa^s.  Tims  i;ii  a,fiie!*i()solei*osis,  the 
iiarrowin.o;  of  Uic  lumen  of  minute  twigs  lea,(ls  i.o  at^rophy  ot  the 

tissue  related,  primarily  of  tlu^  glomeruli,  and  iLis  is  a,(H'.()mpa,uicd  by 
a  varying  dc^ivn  ot  iil)rosis.  'tlmse  changes  are  oT  great-  im porta, uce 
in  pixxlucmig  librotic*-  Ic^sions,  but  they  a,i‘('.  moix^  convcmiently  de¬ 
scribed  below  ([).  82S).  When  (  he  kidneys  lu'c-ome  atrojdiied,  (here  is 
usually  a  <‘oncomitant  incrcNisc^  ol:  (-lu^  jxtvic*,  fat.  hunch-ional  atrophy 
is  well  illustrat-ed  when  a  glonua-ulus  is  ttirown  out  olartion  ;  atrophy 
then  occurs  in  the  sysixuu  of  ixtatr.d  (-ubules.  Pr(‘ssur(‘  a, trophy  is,  of 
course,  producxHl  by  tumours  and  otlua;  gross  l(\sions.  In  tlu^  general 
atrophy  of  tlu‘,  kidiuy  wliicli  ocxnirs  iVom.  dilat-at-ion  of  the  pedvis  or 
hyclroneplir()sis  (p.  vSbh),  va,rious  fa-ct-ors  a-rc'  (X)nc(M'n(ML.  1110  acaannu- 
lat-ion  ot  ihiid  kauls  l-o  jitx'ssurc^  on,  a,nd  nu'clunncal  sl-ixt.clnng  of,  the 
Iddney  substancHu  11ie  carculation  is  int-catered  with,  and  thus  nourish¬ 
ment  is  iinpainMl,  whilst  at  the  sam,(‘  tim(‘  functional  act-ivity  is  stop})cd. 
In  such  conditions  greaU-  atrophy  atfects  tlu^  tubules  a-nd  then  the 
gionieruli,  and  tlu're  is  at  thc!  same  l-inui  overgrowi-h.  of  librous  tissue. 

Hypcrfro'phy  of  i-Ixe  compensatory  type,  aifect-ing  a-  whole  kidney, 
is  seen  wh,en  the  other  kidiuy  is  desi,roy(xl  by  siudi  a,  condition  as 
tnborcle,  when  it-  is  put  out  of  aot-ion  liy  the  blocddng  of  its  ureter, 
or  when  it  has  been  exidsed.  jn,  this  hypert-ropJiy,  there  is,  of  course, 
no  new  formation  of  glomeruli  and  tubules,  simply  a,n.  entargemont 
ol  those  existing.  11ie  eompensai-ory  (dia,nge  varies  in  degree,  being 
most  marked  in  eases  wberc^  (he's  lesion  luis  ocuairred  at-  a-n  ea-rly  ])eriod 
ol  lile.  We  liave,  howev(‘r,  obscawcxl  a  (^ase>  in  a-n  a-dult  in  which  ^ 
excision  of  an  apparently  normal  kidiuy  wa-s  ruxxvssita-ted  by  its  ineor- 
porat-ion  within  a  larg(‘-  Jipoiuatous  tmuonr  ;  at  (kai-t-b  hftetai  ■months 
later  the  opposite  kidney  weigluxl  .100  gni.  owing  to  simple  epiujiensa-r 
tory  hypertrophy,  in  e-ases  wluu'c  oiu^  kidiuy  is  eongimitxilly  absent— 
agenesia  (a  ran^  cuindition) » -or  eongenitally  mnd\  /iypopl( 
vicarious  hypertrophy  .may  prodiux^.  practically  tlu^  norma.l  amount  of 
renal  tissue.  Local  hyper (nypliy  of  tlu^  (umiptaisa-i-ory  i-ype  is  oftmi  seen 
in  the  surviving  tissiui  in  tlu^  lua'ghbourliood  of  (xxtrcaiu^  damages  or 
destruction  in  chronic;  m^phritis.  Siicti  a  (tuingx;  roa-clu‘S  it-s  highest 
development,  afteeting  both  gloinca*uli  and  tiibulcss,  where  tlu;  vascular 
supply  to  these  is  unimpaircxl,  as  may  be  secai  in  ehronic;  pydonejiliritis 
in  early  life.  This  ‘  lo(;al  bypertrojihy,’  which,  luxals  for  il-s  ocxairrencc 
a  comparatively  healthy  coudii-ion  of  tlu;  (xdls  (;oiu;(;rned,  is  comparable 
with  the  hypertrophic  change  seen  in  thc  liver  in  currhosis. 


aiBGULATOEY  DISTURBANCES 

Chronic  Venous  Congestion.  In  general  passive  hyperaemia 
due  to  cardiac  or  pulmonary  disease,  the  kidneys  come  to  show 
characteristic  changes.  In  addition  to  being  markedly  congested 
and  of  dark  colour  especially  in  the  medullary  portions,  which  have 
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a  deep  purple  appearance  (Fig.  483),  the  organs  are  firmer  and  more 
elastic  than  normally — cyanotic  indufation — and  the  weight  is  slightly 
increased.  Sometimes  shght  irregular  granularity  of  the  surface  is 
present  and  some  writers  consider  that  a  form  of  irregular  fibrotic 
kidney  may  be  produced  by  passive  In^erseinia,  but  it  seems  to  us 


that  where  there  is  distinct  fibrosis  it  is  due  to  some  cause  other  than 
the  congestion.  In  cases  where  passive  h^^ersemia  of  the  kidneys  is 
severe,  owing  to  the  deficient  circulation  through  the  organ,  the  urine 
is  ugually  <3icrea^rih  quantity  and  concentrated,  and  it  often  contains 
i  a  certain  amount  of  altomin  and,  it  may  be,  a  fe#  red  blood  corpuscles. 

Acute  Congestion  occurs  in  connection  with  various  inflam¬ 
matory  lesions,  especially  when  they  are  of  focal  character,  but  it 
needs  no*  separate  description. 

Obstruction  of  Vessels.  As  the  result  of  closure  of  arterial 
branches  infarcts  occur  and  their  characters  have  already  been  described 
(p.  18).  They  are  usually  the  result  of  embolism,  especially  hi  cardiac 
cases,  but  they  may  be  produced  also  by  local  thrombosis  in  diseased 
arteries.  The  occurrence  of  an  infarct  is  generaUy  associated  with 
the  presence  of  a  varying  amount  of  blood  in  the  urine.  Infarcts  are 
met  with  in  various  stages  of  absorption  and  shrinkage,  and  theh  site 
may  be  indicated  merely  by  cicatricial  depressions  ;  sometimes  these 
are  numerous  and  produce  an  irregularly  nodulated  kidney.  In  cases 
of  puerperal  eclampsia  distinct  necrotic  areas  are  sometimes  present, 
and  in  a  few  cases  nearly  the  whole  cortex  is  the  seat  of  infarction. 
The  latter  occurrence,  which  is  illustrated  in  Fig.  502,  is  referred  to 
below.  Septic  infarction  and  abscess  formation  are  also  described 
below  (p.  857). 

Sudden  blocking  of  the  renal  vein  leads  to  diffuse  haemorrhage  and 
to  sweUmg  of  the  kidney  and  there  may  be  considerable  cortical 


7118 


TE'XT^BOOK  OF  PA^I^HOi.OGY 


liocrosis.  If,  liow'cver,  tii(^  olistructioii  is  ^,rad.iial,  Jitt-lc  or  no  cliange 
iriay  result,  owing  to  tlio  development  of  anastomoses  with  eollaterai 
veins. 

DjmmEEATIONS  AND  INFILTJM/IUONS 

Cloudy  Swelling.  This  is  of  freq;uent  occurrence  in  the  kidneys 
in  septic  and  infective  conditions.  It  is  met  W'itli  also  in  various 
])oisonings,  e.g.  by  carbolic  acid,  corrosive  sublimal-e,  ('tc.  It  is  the 
(‘ariiest  indication  of  damage  done  to  the-  cells,  and  intermediate  stages 
to  ax'.tmd  ncKU’osis  are  often  Ibiind  ;  it  may  bc^  followcnl  also  by  general 
fatty  (h'gcMua'ation,  as  is  not  nncoinmon  in  ea,s(\s  of  s(‘ptie.auuia.  In 
cloudy  sw(4ling  the  kidneys  Ix'conn^  swollen  and  tens(\  The  con- 
sist(‘n(a‘-  is  diminished  so  that  the  (mt  surfacK^  bulgc\s  somewluds  and 
tlie  cortex  is  of  pah^  pinkish  colour  and  oftrm  of  bhur-ed  apjx^arance. 
It  is,  however,  not  ;|)ossible  from  the  nakculxya^  (‘xa,mination  to  a.ssess 
the  degree  of  damage^  present.  Tluun  is  no  evidcaujc  that  cloudy 
swelling,  as  ordinarily  understood,  producers  any  distinct  fimctional 
I  disturbance  but  a-lbuminuria  is  often  })i‘(‘sent.  hi  cases  of  poisoning, 

■|  however,  e.g.  with  corrosive  sublimate,  furtlxu;  damage  (necrosis) 

I  nuiy  lead  to  urea  retention.  The  apj)(^arances  of  (;loudy  swelling 
irearlily  become  accentuated  by  post-moriran  autolytic^  ehangca 

Fatty  Degeneration.  Two  distinct  forms  of  this  condition  are  to 
I  he  recognised,  (a)  a  diffuse  or  regular  and  (6)  a  patchy  or  irregular.  The  ’ 
I  former,  in  which  there  is  practically  uniform  affection  of  the  kidney 
!  substance,  is  met  with  in  the  general  conditions  which  lead  to  fatty 
f  degeneration— in  anaemias,  especially  pernicious  anaemia,  in  various 
septic,  toxic  and  febrile  conditions,  as  a  secpiel  to  cloudy  swelling, 
and  in  various  poisonings  such  as  phosphorus,  cliloroform,  etc.  Fatty 
degeneration  is  sometimes  marked  in  cases  of  diabetes,  notably  where  ' 
there  has  been  ketosis  with  coma  ;  also  in  some  cases  of  hy|)erthyroid- 
ism.  Its  ..occurrence  is  shown,  by  the  cortex  becoming  not  only  paler 
but  of  yellowish  tint  and  of  duller  aspect ;  the  minor  degrees  of  the 
condition,  however,  can  be  detected  only  on  microscopic  examination, 
and  it  is  important  to  distinguish  between  the  pallor  of  anaemia  and  . 
early  fatty  change.  The  fat  is  present  in  the  for,m  of  minute  globules 
ehiefly  in  the  eonvoluted  tubules  and  the  ascending  limbs  of  Henle’s  ^ 
I  tubules,  but  in  marked  cases  it  may  be  more  widespread.  It  may  be 
fl  noted,  that  extreme  fatty  degeneration  m.ay  occur,  e.g,  in  pernicious 
1  ^  anaemia,  without  any  disturbance  of  function.  , 

I  -  The  patchy  or  irregular  type  of  fatty  degeneration  occurs  in  , 
i  kidneys ..  already  the  seat  .of  other  lesions,  especially  nephritis  and  l 
I  amyloid  disease.  In  the  former,  there  is  fatty  change  in  the  cells  of  f 
I  the  tubules  and  some  may  be  filled  with  collections  of  desquamated 
I  and  fatty  eells.  As  the  change  takes  place  in  an  irregular  manner,^ 
the  cortex  of  the  organ  comes  to  show  a  yellowish  mottling  or* 
speckling.  In  nephrosclerosis,  it  is  common  to  find  fat  in  the  walls 
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j  the  small  arteries.  '  The  fat  in  these  conditions  mainly  consists  of 
;the  ordinary  glycerol. esters,  but  a  certain  amount  of  doubly  refractmg 
;fat  (cholesterol  esters)  may  be  present.  The  latter  may  give  rise  to 
conspicuous  deposits  in  the  tubules  and  glomeruli,  but  accumulates 
also  in  the  interstitial  tissue  where  it  may  form  numerous  large 
collections.  The  term  '  myelin  kidney  ’  is  then  applied,  and  the  con¬ 
dition  can  often  be  recognised  by  the  fact  that  the  yellowish  areas 
are  more  distinct  and  more  sharply  marked  off  from  the  surrounding 
tissue  than  in  the  ordinary  form  of  fatty  degeneration  (Fig.  496).  In 
such  cases  globules  of  doubly  refracting  fat  may  be  present  in  the  urine. 

I  Accumulation  of  cholesterol  fat  in  the  tubules,  etc.,  is  a  prominent 
feature  in  'nephrosis’  (p.  817)  and  is  associated  with  hypercholesterol- 
,  semia,  to  which  It  is  evidently  due. 

Amyloid  degeneration,  described  below  (p.  845),  is  also  often 
accompanied  by  deposits  of  myelin  fat  in  the  kidneys. 

Deposits  of  Pigment,  etc.  The  chief  forms  of  pigment  proper 
met  with  in  the  kidney  are  blood  pigment  and  bile  pigment. 

(A)  Blood  figment.  When  there  is  marked  hsemoglobinuria  or 
methaemoglobinuria,  the  haemoglobin  which  is  excreted  by  the 
glomeruli  gradually  becomes  concentrated  on  passing  down  the  tubules, 
I  and  forms  granular  masses  or  hyaline  cylinders  in  the  lower  parts  ;  the 
I  kidney  comes  to  have  a  brownish  colour,  which  in  the  medulla  has  a 
I  streaked  appearance.  This  occurs,  for  example,  after  transfusion  with 
incompatible  blood;  also  in  paroxysmal  haemoglobinuxia,  blackwater 
fever,  sometimes  in  severe  burns,  poisoning  with  chlorate  of  potash, 
etc.  When  the  hsemoglobinuria  is  repeated,  as  in  the  paroxysmal 
form,  there  may  be  a  considerable  accumulation  of  hsemosiderin  in 
the  cells  of  the  convoluted  tubules.  In  pernicious  ansemia  also  and 
in  haemolytic  states,  haemosiderin  is  often  present  in  the  cells  of  the 
convoluted  tubules  (p,  160).  The  earliest  indication  of  the  presence 
|l  of  hsemo^derin  is  a  diffuse  iron  reaction,  given  first  by  the  cells  in  the 
1  upper  parts  of  the  convoluted  tubules,  which  seem  to  have  the  faculty 
||Of  being  able  to  break  up  the  haemoglobin  reabsorbed  from  the 
I  glomerular  filtrate,  retaining  the  iron-containing  moiety. 

!(B)  Bile  Pigment,  In  cases  of  jaundice  the  kidneys  are  bile-stained 
in  common  with  other  tissues,  but  the  colour  in  them  becomes  more 
marked  owing  to  the  fact  that  the  pigment  is  in  process  of  excretion 
and  in  chronic  cases  is  deposited  in  solid  form.  In  the  jaundice  met 
with  sometimes  in  children  at  the  time  of  birth — -icterus  neonatorum 
l^the  pigment  occurs  in J^he  form  of  fine  needles  and  rhombic  crystals 
lof  bifirubia,  deposited  at  the  apices  of  the  pyramids,  within  the 
I  tubules  and  in  the  interstitial  tissue  ;  the  term  bilirubin  infarct  is 
I  often  applied.  In  the  adtdt,  in  cases  of  chronic  jaundice,  fine  granules 
lof  pigment  may  he  seen  m  the  cels  of  the  convoluted  tubules  and  in 
•Itfaeir  lumina,  whilst  within  the  lower  tubules,  apparently  by  con- 
|centration,  denser  and  sometimes  hyaliae  fragments  of  olive-green 
eolour  are  present. 
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)  Anion"  othoi:  sii!)staTuu\s  d(‘j)()sito(l,  (ini"s  of  th(‘.  si]l|)li()nami(ie 
group  }iav(^  l)C(H)in,(‘  important/  on  a/ooount  of  tlu^  frcapuMU'.y  with  which 
they  arc‘-  deposilial  in  thc‘.  rcaial.  tubules  and  pelvis  in,  the  course  of 
excretion,  if  tlie  Iluid  inta,k(^  is  insuftieieiTt.  Tliis  may  lead  to  iia>niaturia 
I  and  (wen  sonu^  (h'gix^',  of  ixanil  obstruet/ion.  l/nna  and  i(m,le.s  may 
also  be  mentioned.  With  regai'd  to  t/he  fornua-,  (udcilication  occasion¬ 
ally  oceiirs  in  tlu^  danuiged  cc'lls  or  tluar  rmmiins  wit/h  in  the  tubules  in 
nepliritis,  hut  only  to  a  slight  exUait.  hi  ea,s(\s  of  (iorrosive  sublimate 
^jioisoning,  howcwca*,  whcai^  the  paticmt  Inis  survivcal  for  sonu^  time, 
there  is  usually  exhaisiva^  e.ahalicntion  of  the  tubules  ;  it  can  be 
produced  readily  in  rabbits  by  [loisoning  vvit/li  this  substance.  Occa¬ 
sionally,  espcaiiaJly  in  old  pcaiple,  linu^  salts  in,  aiinorplious  form  are 
deposited  in,  the  interstitial  tissue  at  l/lu',  apic(‘S  of  tlu^  pyramids — lime 
infarrU;  calcilication  may  also  be  met  with  in  tlu^  blood  vessels.  In 
osteomalacia  and  in  osteitis  (ibrosa/,  nuta.sta,tic  (ialeilicatiou  may 
supervene,  with,  widi'sprcaid  deposit/S  a:lfeei/ing  interstitial  tissue,  blood 
vessels  and  even  glomeruli  and  tubuh^.s.  Meta, static  ca/lchication  in 
the  ki(ln(\vs  may  be  jirodiuHnl  (nxptu’inumtally  in  animats  by  the 
administration  of  larg(^  dos(‘s  of  vitamin  1),  and  U/lso  by  parathyroid 
extract  (pa-rathormoiu^)  (pp.  1()7,  915). 

])(', posits  of  v/m/i'rs*  oeiuir  in  mnv-boin  (Children.  Tlvey  are  commonly 
\  to  be  found  as  brownish, -yc^llow  stiixihcsl  dejiosits  at  the  apices  of  the 

)  pyramids,  called  ((ric.  acid  iiifarcf.s  ;  and  tluy  an^  duc^-  i/O  an  accumula¬ 
tion  of  urates,  (hic^lly  tlic  a/iumonium  salt,  in  the  form  of  niinute 
spheres,  within  the  (uilh'cting  tubules.  As  a,  rul,(‘,  they  soon  disappear, 
but  th.ey  may  occaisionally  be  found  at  a,  latca'  pcu’iod  and  cahadi  may 
originate  from  them.  A  s(x;ond  form  of  ui'ate  (h^posit  is  met  with 
in  granular  kidneys,  especially  in  gout,  t<lu)ugh  aJso  in  other  conditions, 
due  to  collections  of  sodium  biurate  in,  tlu^  form  of  iieedlo-like  crystals, 
and  is  indicated  by  tlu^  prcscauH^  of  lim^s  of  pa-h^.  brownish,  tint  and  of 
dull  lime-like  appearancj(i,  in,  tlu^  nKalulla.  a/ud  nspcaaally  towards  the 
apices  of  the  ])yramids.  TJu^  (k'posit  is  mainly  in  the  interstitial 
tissue  and  may  he  associated,  as  (ts(nvh(a,-(^,  with,  a  ecu'tain  amount  of 
necrotic  change.  At  tlu^  margin,  there  nniy  Ix^iprmation  of  giant- cells.!,, 

j 

'^BRIGHTS  DIRBABE  -NEPHUTTIS 

The  essential  ,fa(‘.t  (istablished  by  Kielia-rd  Bright  in.  lu,s  remarkable 
book  published  in  1827  is  tint  (‘.ertain  c-onditions  of  disease  char¬ 
acterised  by  albuminuria  and  often,  attended  l)y  (edema/  arc  due  to 
structural  c;h.angcs  in  the  kidneys.  He  described  and  illustrated  these 
changes  at  different  stages  and  in  some  cu/scs  tru/ced  their  origin.  It 
is  specially  interesting  to  note  that  ho  recognised  that  a  late  stage  of 
the  disease  miglit  be  reached  by  a  condition  origina/ting  from  scarlet 
fever.  Lack  of  knowledge  of  the  mieroscopic  changes  in  the  lesions 
described  by  him  precludes  a  satisfactory  dclinition  of  Bright’s  disease, 
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but  it  is  customary  to  use  the  term  in  a  general  way  and  to  include 
conditions  which  may  reasonably  be  supposed  to  be  of  the  same  nature 
as,  or  closely  related  to,  those  described  by  him.  The  term  nephritis 
is  more  definite  but  not  sufficiently  comprehensive,  though  it  is  used 
as  synonymous  by  some  writers. 

Nephritis,  starting  as  an  acute  affection,  may  lead  to  death  within 
a  short  period,  or  only  after  some  years,  the  kidneys  in  the  latter  ease 
having  become  shrunken  and  granular  (granular  contracted  kidney). 
Such  an  event  is  well  seen  in  nephritis  following  scarlet  fever  in  young 
subjects.  In  other  cases  clinical  evidence  of  an  acute  attack  may  be 
wanting,  the  disease  runs  a  slow  relapsing  course,  and  the  lesions  found 
post  mortem  may  be  in  the  subacute  or  chronic  stage.  Here,  either 
the  disease  has  started  as  a  subacute  affection,  or  any  acute  stage 
j  has  been  mild  and  unrecognised.  When  the  term  nephritis  is  used 
^  without  qualification  it  connotes  inflammatory  damage  to  the  kidneys 
I  without  the  presence  of  micro-organisms  in  the  renal  substance,  though 
the  lesions  are  in  some  way  due  to  the  action  of  toxins  or  other  chemical 
substances.  Suppurative  lesions  due  to  the  actual  presence  of  micro¬ 
organisms  in  the  kidneys  will  be  considered  under  a  separate  heading. 
It  has  come  to  be  recognised  that  in  the  most  important  group  of  cases 
of  acute  nephritis  the  primary  lesion  is  in  the  glomeruli,  hence  the 
term  glomerulo-nephritis  applied  to  them. 

Classification.  The  lesions  of  the  kidneys  in  nephritis  are 
ordinarily  classified  as  acute,  subacute,  and  chronic.  The  arrangement 
is  convenient,  though  of  course  aH  intermediate  stages  are  met  with, 
and  acute  changes  may  be  added  to  those  of  a  chronic  nature.  These 
varieties  correspond  in  a  general  way  with  both  naked-eye  appearances 
and  minute  changes.  Thus  acute  nephritis  is  characterised  chiefly  by 
effects  on  the  capillaries,  exudation,  leucocjdic  emigration,  etc.,  and 
by  degenerative  changes  in  the  tubules  ;  and  the  kidneys  are  swollen 
,,  or  moderately  enlarged.  In  some  types  of  subacute  nephritis  the  out- 
|.  ^anding  changes  are  prohferative  in  nature,  and  the  kidneys  undergo 
considerable  enlargement ;  whilst  in  chronic  nephritis  the  fibrous 
:fcontraction  and  atrophy  are  the  outstanding  features  and  the  kidneys 
fusuaUy  become  sErunken  in  variable  degree.  Such  a  description  is  to 
be  accepted  only  as  a  general  guide,  for  example,  markedly  chronic 
changes  may  abound  while  the  organs  are  still  enlarged  or  are  of 
normal  size,  when  death  has  occurred  before  there  has  been  time  for 
any  notable  degree  of  shrinkage  to  take  place. 

In  acute  glomerulo-nephritis  all  the  functions  of  the  kidney  may 
be  impaired  but,  if  the  disease  progresses,  the  disturbances  in  any  single 
case  usually  follow  one  of  two  main  patterns.  One  is  characterised 
by  urea-retention  and  raised  blood  pressure,  with  resulting  arterial  and 
cardiac  changes,  and  by  the  absence  of  gross  oedema.  It  is  commonly 
called  the  azotsemic  type  (p.  803).  In  the  other  the  chief  features 
are  retention  of  salt  and  water,  with  severe  oedema,  and  the  absence 
of  urea-retention  and  cardio-vascular  changes  at  least  for  some  time. 
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It  is  kiiowii  as  the  ne^pIvroUc  or  hydnvndc  type,  and  it  is  not  uneonnuon 
for  it  to  occur  witliout  a  definite  jfist.ory  of  iunite  attack.  It  iimst  be 
noted,  howevei-,  that)  in  some  of  thes(^  (;as(\s  there  is  later  a  change 
of  features  to  Uiose  o(;  tlu^  azoti.emie  typ(\  AcicHU'ding  to  Ellis  and  the 
London  Hospital  8ctiool,  tli(\se  two  cionditions  a, re  not  to  be  regarded 
as  stages  or  vajhints  of  fundanuaitally  the  sajiu^  disease  process,  but 
are  distinctly  sc^pai-atc'-  (conditions  of  diffeaxmt  (diology,  each  with  its 
characiteristicc  evolutionary  pattern.  Accccordingly  they  have  named 
them.  Type  I.  and  d\ypc  11.  nepiiritis  respcHctively. 

There  is,  furtlua*,  a  Y(uy  important  group  of  cases  where  the 
progressive  kidney  damage^,  is  du(^  to  arderial  disease  cither  ah  initio 
or  superimposerl  on  acute  or  subaeaitc^-  inllainuuition.  The  changes 
are  the  result  of  intccrfercauxc  with,  tluc  blood  supjfiy,  are  usually  insidious 
in.  onset  and  slow  in  tluh;  progress  and  are  due  to  the  secondary  eiGfects 
of  persistent  liypcadiension.  Fibrosis  and  atroi)hy  arc  outstanding 
results  and  these  vary  greatly  in  tlufir  distrr'bvition  and  extent.  The 
term  will  Ix^  usckI  lor  this  group.  More  rarely,  when 

hypertension  is  tcxca^.ssivGy  severe,  th(^  ch,arigc\s  [)r(^gi‘(^ss  rap  idly  to  renal 
ifailure  and.  tlu^  term,  nuilignant  is  a,ppJied. 

Many  classih(*.ations  have  becui  put  for  wait'd,  ddu':  following  short 
outline  is  mainly  av(‘ordiug  i,o  tlu.^  stnudriros  fii'st  or  principally 
affected,  though  Itu^.  elinicuvl  Ix^ar'ings  also  ar'(^  taiken  into  considera¬ 
tion. 

(A)  Ghrmrulo-nephritis.  We  use  this  term  as  it  indicates  the 
primary  site  of  the  lesion.  Tlie  other  structiireB  of  the  kidney,  tubules,” 
interstitial  tissue  and  blood  vessels,  soon  become  secondarily  involved. 
The  great  majority  of  cases  of  ,ne|)hritis  are  of  this  nature.  In  its 
chief  form  it  is  a  diffuse  allbctron  of  ilio  glomeruli.  CBonierulo-nephritis 
is  met  with  in  acute,  subacute  aiiid  chronio  stages. 

In  .one  form  of  glomerulo-nephritis  called  ‘embolic  nephritis’ 
bacteria  are  actually  present  in  the  capillaries  of  the  glomeruli.  This 
form  will  be  considered  by  itself  (p.  824). 

(B)  Tubular  or  D&jenmitive  Nephritis  (Nephrosis).  In  this  variety 
there  is  acute  tubxilar  damag(i  ju'oduxu'.d  by  toxins  or  by  chemical 
substances  of  known  constitution.  An  important  variety  is  that  in 
which  specific  damage  is  doru^  to  th(^  distal  renal  tubules,  producing 
the  syndrome  of  'lower  m^.phron  ncplirosis.’ 

(0)  Lesions  due  to  Arterial  Disease.  These  form  a  definite  group 
by  themselves  and  are  considered  together  under  the  .heading  np>hro- 
sclerosis  or  primary  renal  fibrosis,  the  term  '  jxrimary  used  ini 

the  ^ sense  of  not  secondary  to  inflammatory  change.  There  are  two] 
chief  varieties,  (a)  the  .more  im.portant  is  associated  with  hypertension, 
we  may  call  xt  hypertensive  mphrosclerosis,  (6) ,  the "otKeT'occiarri^^ 
age  without  hypertension— nephrosclerosis .  The  lesions  of  hyper- ' 
tensive,  nephrosclerosis  are  very  often  superimposed  on  lesions  of.^ 
inflammatory  origin  in  the  production  of  granular  contracted  kidneys. 

In  the  following  aecount  we  have  been  much  indebted  to  the 
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unritings  of  tlie  late  Professor _  jyhose  worlij  both,  observa¬ 

tional  and  exx)eriiiiehtal,  threw  light  on  mam^  inix^ortaiit  points. 


Gloivieeitlo-Nepheitis 

Glomerulo-nephritis  is  met  with  in  tw’o  forms  wiiich  differ  in  many 
features ;  these  have  been  named  Type  I  and  Tj^e  II  nephritis  by 
Ellis,  largely  on  the  basis  of  their  clinical  history  and  evolution.  While 
there  is  much  to  be  said  for  this  distinction,  we  are  not  convinced 
that  tlje  two  varieties  are  so  sharply  demarcated  as  has  been  claimed 
and  we  believe  that  intermediate  forms  may  occur — for  example,  we 
have  observed  cases  of  abrupt  onset  resembling  Tj"pe  I  recover  for  a 
time  but  subsequently  undergo  a  transition  to  Type  II,  and  as  has 
been  said  above,  hypertension  and  azotemia  may  occur  terminally  in 
both.  In  view  of  the  wide  acce]3tance  of  the  Ellis  classification  among 
clinicians  in  Great  Britain  it  is  necessary  to  indicate  its  correspondence 
with  the  classification  we  have  adopted. 

Acute  Diffuse  Giomerulo -Nephritis  (Nephritis  Acris).  This 
is  essentially  a  disease  of  early  life,  more  than  50  per  cent,  appearing 
under  the  age  of  20  years  and  less  than  10  per  cent,  after  the  age  of 
40  ;  it  is  the  variety  described  as  ,  Type  I  (EHis).  In  84  per  cent, 
there  is  a  close  correlation  with  an  immediately  precediag  streptococcal 

! infection,  notably  scarlet  fever,  in  wliich  nephritis  appears  about  the 
third  week,  i.e.  after  the  temperature  has  fallen.  Streptococcal  sore 
throat  and  tonsillitis  are  also  common  antecedents  and  occasionally 
wound  infections,  diphtheria  or  influenza  ;  in  all  of  these,  streptococci 
are  probably  concerned.  Much  more  rarely  the  preceding  infection 
may  be  pneumococcal  There  is  no  evidence  that  organisms  are 
actually  x)resent  in  the  kidneys  and  the  lesions  are  regarded  as  of 
toxic  origin.  The  condition  does  not  depend,  however,  on  the  severity 
of  infection  or  amount  of  toxin  formed,  in  fact  it  often  develops  in 
quite  mfid  cases.  It  is  not  possible  to  produce  the  typical  glomerular 
lesions  merely  by  the  injection  of  streptococcal  exotoxins,  though  some 
success  has  been  achieved  by  the  use  of  streptococcal  autolysates  (Rich, 
Blackman  and  others).  Perhaps  the  interval  of  10-21  days  commonly 
seen  between  the  onset  of  the  infection  and  the  appearance  of  nephritis 
may  be  due  to  concentration  of  toxins  or  derivatives  in  the  kidneys  in 
I  course  of  attempted  excretion  and  to  their  subsequent  reaction  locally 
I  with  j.ntibodies  developed  as  the  infection  is  overcome.  Another  view 
.  is  thatTB^^‘‘‘®enSonof  the  glomeruli  is  an  example  of  an  allergic 
,  (supersensitive)  reaction,  the  renal  tissue  being  first  sensitised  by  a 
small  amount  of  toxin  and  then  further  access  of  toxin  producing  the 
lesions.  Masugi’s  work  with  nephrotoxic  sera  throws  some  light  on 
'the  problem.  An  antiserum  is  prepared  by  repeated  injections  of 
emulsions  of  rabbits’  kidneys,  freed  from  blood,  into  ducks.  The  serum 
of  the  duck  acquires  organ-specific  antibodies,  and  on  injection  ifito 
rabbits  these  become  firmly  bound  to  the  kidney  substance.  The 
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rabbit  responds  to  tJie  prcsscuieci  of  the  f(»r('i«u  (dnok)  protein  by  pro 
ducing  in  turn  antibodies  U,  t,lu^  lattei-,  tlic  rc^aetion  of  winch  with  the 
duck  protein  leads  to  iwiiite  in(biminat;()ry  (ihangcw  at  the  site  of  inter¬ 
action  in  the  kidney,  wliie.h  is  speiufuadly  localised  to  the  glomeruli' 
'rids  sekatlve  Uxailisation  is  attributabk*  to  tiu!  reinarkable”antwenic 
spe(!ifl(aty  of  tlu^  glonu'rnli,  which  afipears  to  be  r<‘sponsiblo  for  the 
orgaii-spcicific  autilanlu's  of  the  duck  antisenanu.  Recently  similar 
residts  have  been  obtaiiual  in  dogs  by  the  use  of  anti-dog-kidney 
sm'um prepared  in  rabbits.  T\m  tnsultiiig  glonua-ular  h'sions  are  closely 
siinilai  to  those  in  iuuiian  dis(‘as(\  It  a])[)ears  that  tlu^  purpose  in 
applying  tlu^  organ-spec! (ie  aaitibodies  in  the  form  of  duck  serum  is 
to  obtain  selective  localisation  of  the  foreign  protein  prior  to  the 


Fig.  484.  Glomoiiilus  in  aculo  f'loinoi'ulo-uoplii'ifcis,  showing  swelling,  increased 

collulaiity  and  lobulation  oi;  gloinoruJax’  tuft.  Note  ixTOirular  outline  of 
the  latter,  x  200. 

development  of  tlie  antigen-antibody  reaction  which  determines^^ 
f •  There  is  thus  a  certain  parallelism  with  what 
isTEougEtto  occur  in  man,  streptoooccal  toxins  taking  the  place  of 
the' duck  antiserum,  and  undoubtedly  the  pronounced  fall  in  serum 
complement  which  characterises  human  acute  nephritis  suggests  that 
an  antigen-antibody  reaction  on  a  large  scale  has  taken  place.  ^ 
Glomerulo-nephritis  was  the  primary  lesion  in  ‘  trench  nephritis  ’ 
or  ‘  war  nephritis,*  which  affected  considerable  numbers  of  the  troops 
in  the  1914-18  War.  The  exact  etiology  of  war  nephritis  was  not 
determined,  but  it  was  shown  that  the  affection  could  not  he  ascribed 
to  exposure,  to  unsuitable  diet  or  water  supply,  or  to  any  of  the 
recognised  infections.  It  may  have  been  due  to  a  filter-passing  virus 
but  for  this  no  clear  evidence  was  obtained. 
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In  connection  "witli  tlie  pathology  of  acute  gloinerulo-nephritiSj  it 
is  important  to  note  that  the  immediate  mortality  is  low  (less  than 
5  per  cent.)*  In  about  10  per  cent,  of  cases  the  disease  leads  subse¬ 
quently  to  serious  permanent  lesions,  whilst  in  the  great  majority  there 
is  apparently  a  return  to  normal  and  there  is  no  recurrence  ;  in  the 
latter  the  lesions  may  be  supposed  to  be  of  mild  order.  These  facts 
were  strikingly  exemplified  in  the  case  of  war  nephritis. 

To  the  naked  eye,  the  kidneys  in  glomerulo-nephritis  usually  show 
some  degree  of  swelling  ;  the  capsule  may  be  tense  and,  when  stripped, 
minute  hsemorrhages  may  be  seen.  The  cortex  is  pale,  sometimes 
broadened,  and  contrasts  with  the  medullary  pwamids,  which  are 
congested.  The  normal  markhigs  are  faint  owing  to  pallor  or  they 


Fig.  485. — ^Acute  glomerulo-nephritis,  showing  the  swelling  and  increased 
cellularity  of  the  glomeruli,  also  their  irregular  form,  x  60. 

may  be  blurred  owing  to  patchy  congestion.  The  tissue  may  be  some¬ 
what  cedematous.  On  the  other  hand,  the  kidneys  may  appear  com- 
■^arhtively  normal.  On  examination  of  the  cortex,  however,  with  ai 
hand  lens,  the  glomeruH  are  generally  seen  to  M  ehlarged  ^andi,.td 
project  as  small  translucent  structures  from  the  cut  surface  ;  as  a 
rule  they  contain  Httle  blood  and  are  paler  than  the  general  parenchyma. 

On  Miceoscopic  Examination  the  glomeruh  generally  are  large 
and  fill  then:  capsules,  and  there  is  distinct  increase  of  nuclei  in  them 
(Eig.  484).  Many  may  have  lost  their  circular  form  (Eig.  485),  owing 
to  unequal  swelling,  and  sometimes  a  portion  of  a  tuft  is  seen  projecting 
into  the  first  part  of  the  tubule.  Often  the  tufts  are  closely  pressed 
against  the  parietal  layer  of  Bowman’s  capsule  and  the  normal  filtration 
space  is  obliterated.  The  richness  in  nuclei  is  due  chiefly  to  increase 
of  the  endothelial  cells  of  the  capillaries  but  partly  to  leucoc3rtiG 
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infiltration.  Tlie  endotlielia,”!  cells  become  swollen,  proliferate,  and 
may  form  syncytiiimdike  nuiss(\s  ;  thus  tlie  liiniina  of  the  capillaries 
appear  narrowed  or  ohlitca’at.c'd  and  most  of  them  are  empty  of  blood. 
This,  liowever,  does  not  imjjly  that  the  capillaries  are  impervious  to 
blood.  At  a  very  early  stage  they  may  be  actually  congested.  Poly- 
morpho-nuclear  leucocytes  are  present  in  the  tufts,  and  they  may 
accumulate  in  the  interstitial  tissue  around  the  glomerular  arterioles. 
In  cases  dying  in  the  early  acute  phase  the  epithelium  lining  the 
capsules  of  Bowman  shows  little  or  no  change,  and  tlie  lesions  may 
be  said  to  be  purely  intracapillary.  In  others  at  a  later  stage  prolifera¬ 
tion.  occurs  underneath  the  capsule  and,  there  lesults  a  crescentic  mass 
of  somewhat  spindle-shaped  cells  (Fig.  486).  Tliis  may  be  seen  as 
early  as  tlie  third  week  and  has  been  described  as  the  extracapillary 

lesion.  The  number  of  glom¬ 
eruli  wliicli  sliow  crescents  ’ 
varies  niucli  in  cli.fferent  cases. 
Their  occurrence  is  associated 
with  otlier  signs  of  severe 
damage.  Some  of  the  glom¬ 
erular  capilla:ri,es  may  betlirom- 
bosecl,  and  there  may  be 
a  1  b  u  m  i  n  o  u  s  or  fibrinous 
exudate,  red  corpuscles  and 
leucocytes  witliin  the  capsules 
of  Bowman,  The  distinction 
between  an  intracapillary  type 
and  an  extracapillary  type  has 
become  more  important  with 
tlie  r  e  c  o  g  n  i  t  i  o  n  that  in 
hydryeniic  ('^rype  II)  nephritis 
tlie  glomerular  lesions  are 
purely  intracapillary  ;  the  con¬ 
dition  in  which  the  capsular  changes  occur  has  been  regarded  as  a  more 
severe  condition  but  we  have  seen  several  cases  dying  within  ten  days 
of  onset  in  which  purely  intracapillary  glonierulitis  was  present. 

In  the  tubules,  little  alteration  may  be  present  at  an  early  date. 
The  cells,  especially  of  the  convoluteci  tubules,  may  be  swollen  and 
granular/  with  some  disintegration  of  their  free  margins.  In  the 
cytoplasm  of  the  tubule  cells,  fine  fatty  droplets  may  appear  and  also 
small  droplets  which  can  be  stained  by  Gram’s  method.  These  are 
of  protein  nature  and  probably  result  from  absorption  of  proteins  from 
the  lumen  of  the  tubule.  Catarrhal  desquamation  of  epithelial  cells 
also  may  occur  and  this  may  be  followed  by  reparative  change.  A 
few  mitotic  figures  may  be  seen.  When  such  tubular  changes  have 
developed  the  condition  may  be  spoken  of  as  a  glomerulo-tubular 
nephritis.  The  point  to  be  noted,  however,  is  that  the  primary  and 
important  damage  is  in  the  glomeruli. 


Pig.  486. — Glomerulus  in  acute  glomerulo¬ 
nephritis,  showing  the  proliferation  of 
epithelium  within  the  capsule  of  Bow¬ 
man.  X  200. 
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-  Functional  Effects.  The  changes  in  the  glomeruli  impede 
the  circulation  through  them  and  so  interfere  with  filtration.  Thus 
hy  diminishing  the  Yolume  of  initial  filtrate  they  play  a  part  in 
lessening  the  amount  of  urine  formed ;  sometimes  there  is  actual 
suppression  but  this  cannot  be  attributed  to  cessation  of  blood  fl.ow 
through  the  glomeruH,  otherwise  cortical  necrosis  would  result. 
Probably  excessiye  tubular  reabsorption  is  responsible  and  when  the 
tubule  cells  are  damaged  there  is  not  only  retention  of  water  and  salt 
but  also  of  urea  owing  to  failure  of  the  tubule  cells  to  preuent  back- 
diffusion  from  the  lumen.  Albuminuria,  hsematuria,  also  casts  of 
various  kinds,  are  present  in  var^dng  degree,  and  all  the^  excretory 
functions  of  the  kidneys  may  be  interfered  with.  A  certain  amount 
of  general  oedema  is  often  present,  first  observed  around  the  eyes. 
There  is  often  some  rise  of  blood  pressure  and  if  this  is  severe  there 
may  also  be  convulsive  seizures — the  so-called  hypertensive  encephalo¬ 
pathy.  When  severe  these  functional  disturbances  may  cause  death, 
and  sometimes  this  is  due  to  acute  left  ventricular  failure  with  pul¬ 
monary  oedema.  The  relationships  between  the  structural  changes 
and  the  functional  effects  are  considered  more  fully  later. 

The  evolution  of  glomerulo-ne^hritis.  In  the  majority  of  cases. 
Type  I  glomerulo-nephritis  resolves  and  there  are  no  sequelse.  When 
the  affection  has  been  uniformly  mild  the  glomerular  lesions  probably 
do  not  progress  beyond  the  stage  of  intracapiUary  endothelial  reaction, 
but  they  are  rarely  if  ever  seen  at  this  stage  ;  it  is  not  difficult  to 
conceive  of  restoration  to  normal  in  such  glomeruli.  If  only  a  few 
have  been  the  seat  of  extracapillary  crescent  formation  the  majority 
may  return  to  normal  and  only  these  few  may  be  destroyed  ,  but  the 
final  destruction  may  not  lead  to  any  noteworthy  functional  impair¬ 
ment.  Where  extracapillary  crescent  formation  is  widespread  and 
severe,  however,  resolution  is  impossible  and  the  destruction  of  the 
damaged  glomeruli  and  associated  tubules  leads  to  progressive  loss 
of  nephrons  and  thus  to  renal  failure.  Accordingly  the  outcome 
depends  upon  the  severity  of  involvement  and  the  number  of  glomeruli 
concerned.  If  all  are  diffusely  and  severely  damaged  death  may  occur 
in  the  early  acute  stage,  sometimes  within  a  week  of  onset,  with 
glomerular  changes  not  advanced  beyond  intracapfilary  proliferation. 
With  a  somewhat  less  severe  affection,  death  may  be  postponed  for 
weeks  or  months,  extracapillary  proliferation  ensues  in  greater  or  lesser 
degree  and  progressive  subacute  azotsemic  nephritis  develops.  When  the 
glomerular  damage  is  not  sufficiently  severe  to  cause  death  within 
several  months,  only  a  few  glomeruh  may  be  destroyed  immediately 
and  healing  goes  on  in  the  remainder  ;  but  if  the  degree  of  glomerular 
scarring  is  sufficient  to  bring  about  a  gi*adual  development  of  hyper¬ 
tension  and  vascular  changes,  after  some  years  of  apparently  good 
health  these  cases  return  as  examples  of  clnonic  neplixitis  with 
.secondary  hypertensive  vascular  lesions  superimposed  on  what  was 
originally  an  mflammatory  nepliritis.  They  are  then  progressing 
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towards  the  state  of  gramilar  contraction  of  the  kidneys  which  repre¬ 
sents  the  final  outcome  of  fciilure  of  (u>in[)lete  resolution  of  the  inflam¬ 
matory  nepliritis.  Such  failure  is  usually  indicated  by  persistent 
albuminuria  iind  tiris  may  be  the  only  sign  until  the  stage  of  chronic 
hypertension,  is  rea^ciuni.  In  such  c*.a.sc\s  death  is  cjominonly  due  to 
combined  c.ardio- renal  failure.  As  is  to  be  (expcictcal,  all  degrees 
intermediate  l)etween  the  subacute  and  clironic  stages  are  met  with. 


Progressive  Azotsemic  Nephritis  {Subacute  (jlotNernlo--nephritis). 
STrnJcaujRA.L  (hiANcms.  These  are  merely  a  continua.tion  and  exaggera¬ 
tion  of  the  h'sions  seen  in  tlie  acute  phase,  but  witli  lapse  of  time 
proliferative  changes  beconu^  niorc^  marktul.  in  c-as('.s  dying  a  few 

months  aif(‘.r  onset  the  subacute 


stage  is  cluiractcalsed  by  pro- 
liferativc^  duinges  in  glomeruli, 
in,t(U'stitial  tissue  and  tubules, 
and  by  tlie  ac; cumulation  of 
fatty  a;n(l  lipoid  material.  The 
kidneys  are  (mhirged,  each 
sometimes  weighing  eight 
ounces  (250  gm.)  or  more.  The 
capsule  usually  strips  easily  and 
leaves  a  smooth  sxxrface,  though 
slight  adhesions  may  be 
present.  The  surface  is  pale  on 
the  wliole,  axid  has  a  greyish- 
white  colour  on  which  the  venae 
stellatxe  stand  out  distinctly ; 
the  vessels  are  irregularly  con¬ 
gested  and  mimxte  haemor¬ 
rhages  xire  not  uncommon  (Fig. 
487).  On  section,  the  cortex, 
b  0 1  li  sxxperficial  and  inter- 
pyramidal,  is  increased  ;  it  is 
pale  and  mottl(^d  with  yellowish 
specks,  due  to  fatty  change  in 
the  tubules.  The  parallel 


xxiarkings  in  the  cortex  are. 


„/  xxsxially  fairly  regxxlar  but  the 

Fio.  487.-EnlargodJddney  iu  subacute  unequally  filled  with 

The  parenchyma  is  less  pale  than  usual  owing  to  hlood.  Ihe  medulla  also  is 

mtoute^tomorriiages.  (Compare  with  Figs.  41)1,  paler  than  the  normal.  The 

term .  ^  large  white  kidney  ’  is 
often  applied  to  this  condition,  bixt  it  is  of  course  also  applicable  to 
many  cases  of  hyclraemic  (Type  II)  nephritis.  Occasionally  a  haemor¬ 
rhagic  condition  is  superadded,  and  then  the  cortex  is  studded  with 
petechisB,  while  the  medulla  may  have  a  dark  red  colour. 

On  Mioboscopic  Examination,  the  glomeruli  present  various 
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changes.  Most  are  enlarged  and  the  glomerular  tnffcs  are  rich  in  nuclei, 
owing  to  proliferation  both  of  endothehal  and  connectiye  tissue  cells  , 
many  of  the  glomeruli  have  a  lohulated  or  digitate  form.  Extra- 
capillary  proliferation  of  the  capsular  epithelium  is  a  marked  feature, 
and  there  thus  result  several  layers  of  cells  forming  a  crescentic  mass 
under  the  capsule.  Connective  tissue  fibres  have  appeared  in  the  cell 
masses,  and  fibrous  laminse  are  thus  formed  in  the  site  of  the  space. 
In  other  instances  there  may  be  concentric  growth  of  connective  tissue 
around  the  capsule  (Figs.  489,  490)  ;  this  is  seen  especially  when 
general  increase  of  the  connective  tissue  of  the  organ  is  a  marked 
feature.  An  unport  ant  lesion  often  seen  is  adhesion  between  the 
glomerulus  and  the  ca]3sule,  by  which  the  space  becomes  reduced  or 


^  (a)  ^  (h)  ^ 

Fia.  488. — ^Renal  cortex  aad  meduUa  in  progressive  azotsemic  nephritis. 

In  (a)  the  tliree  glomeruli  show  Tarying  degrees  of  damage  from  crescent  formation  to  digitation 
of  the  tufts.  The  tubules  are  dilated,  lined  with  cubical  epithelium  and  show  catairMUesquama- 
tion.  The  interstitial  tissue  is  oedematous  and  infiltrated  by  inflammatory  cells,  in  (6)  the  medima 
shows  distension  of  the  collecting  tubules  by  cellular  and  albuminous  matter  which  appears  in  the 
lumina  as  casts,  x  60. 


obliterated.  Some  of  the  glomeruli  may  be  shrunken  and  fibrous  and 
the  afferent  arteriole  narrowed  by  endarteritis.  In  fact  we  have  the 
picture  of  a  progressive  affection  in  which  more  and  more  of  the 
glomeruli  are  thrown  out  of  action.  In  the  neighbourhood  of  glomeruli 
showing  capsulitis  there  is  usually  considerable  overgrowth  of  con¬ 
nective  tissue. 

The  changes  in  the  tubules  associated  with  these  glomerular  lesions 
are  very  various.  Some  are  atrophied  (Fig.  489),  while  others  are  a 
little  dilated  and  are  lined  by  epithelium  which  is  cubical  or  flattened 
probably  as  a  result  of  continued  catarrhal  desquamation,  and  the 
cellular  debris  gathers  in  the  collecting  tubules  where  it  is  moulded 
into  tube  casts  of  various  kinds  (Fig.  488,  a,  b).  Some  of  the  tubule  cells 
contain  fats  of  both  neutral  and  cholesterol  types,  but  this  is  rarely 
so  pronounced  as  in  the  hydrsemic  form  of  subacute  nephritis  (EUis 

n  B* 
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Type  II).  Tile  tubules  appear  to  be  more  widely  separated,  'partly 
owing  to  oedema  of  the  interstitial  tissue  but  also  to  new  formation 
of  connective  tissue,  and  sometimes  this  is  overrun  with  polymorphs 
and  other  inflammatory  cells.  When  these  cluingc's  are  present  in 
severe  degree  they  result  in  conspicuous  enlarges  mm  t  of  the  kidneys. 
In  the  later  stages  of  this  condition  there  may  be  some  arteriosclerotic 
change  in  the  vessels,  but  usually  deatli  occurs  from  renal  failure 
before  this  has  l)c',conie  pronounced. 

Fiinotio’NAL  Einum/:i:'S.  Progressive  azotavniic  nephritis,  as  the 
name  implies,  is  associated  with  retention  of  nitrogenous  waste 
products,  the  blood  urea  rising  to  150  mg.  per  100  ml.  or  more  ;  there 
is  also  a  sustaiiKal  ris('  of  blood  pressure,  with  consequent  cardiovascular 


t'Ka  489.— ’.Prog roHs ICO  a,zoi.a‘3iiuc.  lua)!!- 
ritis  of  oxtraeapillary  wliowing 

proliferative  changes  in  and  ai’ound 
the  glomeruli  and  also  in.(a'(^as(^  of  th(^ 
connective  tissue.  X  60. 


J 

Fio.  490.  “(donuM'ulus  in  progivssivo 
iizot^aunic.  tu^|)lu•i^is,  sliowing  pro- 
lif(>irati()n  vvitliin  a.nd  a, round  ilu'  tuft. 
X  200. 


changes.  The  urine  is  somewliat  reduced  in  volume,  containi:ng  a 
moderate  amount  of  albumin  together  with  red  cells,  and  casts  of 
granular,  epithelial  and  hyaline  types.  As  tlic  disc'ase  advances  and 
.liypertension  progress(\s,  the  lu^.art  becomes  liypertroplvicd,  and  if  death 
I  from  renal  feiluro  does  not  intervene,  the  case  gradually  a-ssumes  the 
icharahtoi‘S  of  a  chronic  n(q)hritis  (p.  811).  In  tJie  nuijority  of  those, 
|however,  which  progress  steadily  from  the  acute  pliase,  death  from 
uraemia  occurs  within  some  months  and  is  seldom  dela-ycd  beyond  two 
years.  In  the  course  of  the  illness,  anamia  often  develops  and  may 
be  severe  ;  it  is  usually  normocytic  and  of  a  somxvwbat  aregcnerative 
type,  but  may  be  microcytic  and  hypochromic.  Cases  which  go  on 
to  the  true  chronic  granular  contracted  stage  have,  in  onr  experience, 
usually  had  an  interval  of  apparent  good  health— the  so-called  latent 
stage — ^between  the  acute  iUness  and  the  terminal  chronic  phase. 

Chronic  Glomerulo -Nephritis.  The  chronic  stage -is  character- 
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ised  by  the  contraction  of  fibrous  tissue,  some  of  which  is  formed  in 
excess,  but  most  is  due  to  collapse  of  the  j&*amework  owing  to  pro¬ 
gressive  loss  of  nephrons.  There  is,  of  com'se,  no  definite  line  between 
the  subacute  and  chronic  stages.  In  cases  where  the  lesion  has  been 
diffuse  a  general  slrrinking  of  the  cortex  with  some  fine  granularity  is 
present,  but  death  usually  occurs  before  the  change  has  progressed 
farther  (Fig.  491).  On  the  other  hand,  when  the  acute  glomerulo¬ 
nephritis  has  been  uneven  in  its  distribution,  so  that  some  glomeruli 


Fig.  49 1  - — ^ regressive  azotsemic  F ig.  492. — Ciironic ^ nephritis  in 

nephritis  in  early  stage  of  contrac-  stage  of  contraetion— -granular 

tion  ;  the  cortex  is  becoming  tMniied  kidney  of  secondary  type.  X 

and  shows  irregular  mottling,  x  f. 

have  escaped  or  been  able  to  recover,  life  may  be  prolonged  and 
marked  irregular  shrinking  of  the  organ  occurs'.  The  result  is  t  e 
small  granular  kidney  of  chronic  glomerulo-nephritis,  also  ™own  as 
the  secondarily  coAtracted  kidney  (Fig.  492).  There  is  a  good  deal  oi 
evidence,  however,  that  the  chief  factor  in  producing  this  result  is  the 
development  of  progressive  hypertension,  which  superimposes  its  o\m 
lesions  on  those  initiated  by  inflammatory  destruction  of  glomeruli 
and  we  sbaU  refer  to  this  further  in  connection  with  the  lesions  of 

vascular  origin  (p.  828).  _  ,  j 

The  transition  of  subacute  nephritis  into  the  chrome  contracted 
stage  is  shown  by  the  surface  of  the  kidneys  becoming  uneven,  and 
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ultimately  finely  granular.  The  suj)erficial  eort.ex  h(KM)ines  pingres- 
sively  thinned  and  its  markings  ii-regular,  wliik^  tlx'  iiitca*. pyramidal 
cortex  remains  for  a  time  less  affec^ted  (Fig.  491).  Ultimately  a  stage 
may  be  reached  in  which  the  organ  is  shrunken  and  gr'a,nular  on  the 
surfiice,  and  the  cortex  is  reduced  to  a  mere  rind,  which,  has  (mtirely 
lost  its  normal  parallel  markings  and  shows  pallor  oitcai  with,  yellowish 
mottling  (Fig.  492).  The  consistence  is  firm  and  tlu'  capsule  is  usually 
very  adherent.  The  size  of  the  kidneys  may  be  gi’eatJy  I't^duced  ;  in 
fact,  some  of  the  smallest  specimens  of  granular  kidiu\y  mv.  of  this 
type.  Some  examples  of  grossly  contracted  ])y('lon(^phritic  kidneys 
may  closely  resemble  the  contracted  kidney  of  glonua-ulo-nephritis  and 


Fia.  493 — Late  stage  of  glomerular 
lesion  in  subacute  nephritis. 

A  Malpighian  body  has  been  replaced  l)y  yomig 
connective  tissno  and  is  In  process  of  disappear¬ 
ance.  X  200. 


Fic.  (3u’oni(*.  m^phriiris.  Hyper- 

i/ro|)iu('!(l  l/uhuh^s  c.outiahuug  albii- 
minous  c’lKudalics  wliic.h  becomes 
con.(lons(Ml  to  form  casis.  Not©  the 
])r(>ru)iuic.o(l  iiyah'no  di'oplet  cliango 
in  tii,o  tuhuUi  (udls.  X  190. 


hypertedision,  but  they  can  usually  be  distinguisbed  by  some  degree 
of  dilatation  of  the  pelvis  and  calyec^s,  grc^atcd;  irr(‘.giilaT‘i.ty  of  the 
scarring  and  inequality  in  the  size  of  tlie  kidneys.  .During  the  stages 
of  contraction  the  pale  appearance^  is  usually  nmintaiued  and  the 
kidney  in  the  final  stage  is  sometimes  called  tlu^  '  pale  contracted 
kidney.’  The  shrunken  kidneys  may,  however,  someddmes  l)c  red,  as 
in  the  primary  type  (p.  828),  and  the  colour  depends  largely  on  the 
degree  of  cardiac  failure  terminally. 

On  Mioboscopic  Examination,  we  sct^  a  continuation  of  the 
changes  described  in  the  subacute  stage.  The  depressions  in  the  cortex 
correspond  with  areas  of  loss  of  nephrons  and  overgrowtli.  of  connective 
tissue.  Many  of  the  glomeruli  are  fibrosed  (Fig.  495),  although  others 
still  show  the  intracapiUary  and  extracapillary  proliferative  changes 
described.  The  connective  tissue  occurs  chiefly  along  the  intralobular 
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vessels,  and  in  it  the  glomeruli  are  irregularty  arranged  ;  some  of  them 
are  scarcely  recognisable  and  are  evidently  in  process  of  disappearance. 
In  other  parts  glomeruli  which  have  escaped  damage  may  shoiv  rela¬ 
tively  httle  change.  Many  of  the  tubules,  having  had  their  function 
cut  off  by  loss  of  their  glonieruH,  are  atrophied  and  embedded  in  the 
comiective  tissue,  whilst  m  the  intervening  areas  the  epithelium  of 
the  dilated  tubules  may  show"  changes  indicating  a  compensatory 
hypertrophy  (Fig.  494),  as  may  also  some  glomeruli.  Occasionally 
the  tubules  are  dilated  and  lined  with  a  low  or  even  flattened  epithelium  ; 
they  may  contain  albuminous  material  or  some  catarrh  may  be  present. 
The  arteries  show  various  degrees  of  thickening  with  hypertrophy  of 


Fig.  495. — Glironic  glomernlo-nepliritis  with  hypertension.  Many  glomeruli  are 
wholly  destroyed,  others  partially,  and  a  few  are  in  relatively  good  condition. 
There  is  severe  tubular  destruction  and  interstitial  fibrosis.  X  60. 


media  and  elastic  tissue,  and  intimal  thickening  is  often  a  prominent 
feature  in  the  small  arterioles.  These  vascular  changes  are  probably 
of  great  significance  in  bringing  about  the  gradual  progressive  destruc¬ 
tion  of  glomeruli  and  tubules  which  ultimate^  results  in  the  great 
reduction  in  size  characteristic  of  chronic  nephritis.  They  are  con¬ 
sidered  more  fully  in  connection  with  primary  renal  fibrosis. 

Clinical.  Features.  Chronic  glomeruLo-nephritis  is  essentially 
characterised  hy  hypertension  and  is  accompanied  by  cardiac  hyper¬ 
trophy  and  the  usual  arterial  changes.  There  is  polyniria  and  the 
urine  is  pale  and  as  a  rule  contains  only  a  trace  of  albumin,  i.e.  it  is 
a  dilute  urine.  There  is  increasing  failure  to  excrete  as  much  urea 
as  is  formed  daily  and  consequently  the  blood  urea  rises  and  may 
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reach  a  liigli  level,  200  ing.  per  ],()()  ml.  or  more.  Beatli  iisiiaTy  occurs 
from  uraemia  or  from  a  combination  of  renal  and  cardiac  failure. 
Oer(d)i;al  InemonFagc^  ocM^a^sionally  occurs  but  tlris  is  not  so  common 
as  in  hy|)ert-(aisiv(,‘  iH'phroselerosis.  Ronietimes  amemia  becomes 
v(M*y  s(^v(a‘(\  tlu^  .haemoglobin  bcHeoming  reduced  to  about  20  per 
cent.  (3  gm.  per  100  ml.)  and  tlu^  real  cells  to  about  1  million 
per  c.rnm. 

Giomerulo- Nephritis  of  Subacute  Hydraemic  Type.  This 
variety  ()f  gl()nieruk>nie|)hritiB  has  bc'cii  tlie  siil)j(ect.  of  grea,t  controversy 
and  discussion.  It  is  (ealled  TyP^'  ^47  Ellis,  wlio  (considers  it  a 
distiintly  dillbixmt;  discease  from  Tyi)(‘  1  glonuerulo-iu^phritis  on  the 
ground  that  its  (etiology  is  (juite  unknown,  it.s  onscet  is  insidious  and 

it-  usuaJly  hicks  any  close 
asso  ci.at  ion  witli.  ante  cedent 
streptococcal  or  other  in- 
lecti()n.  O^lie  clinical  course 
is  also  stri].ci,:ngly  different 
and,  tlic  'jji’ognosis  is  very 
mucli  woi'se,  owi,ng  partly 
to  tile  progrcjssive  renal 
clianges  but  also  to  the 
gr(iat  tendency  to  death 
from  i:i:i,t(n’ciirrent  infec¬ 
tion  ;  according  to  Ellis 
complete  recovery  without 
relapse  is  (piite  exceptional, 
but  Platt  agrees  with 
l;'ienni,e  in  finding  about 
25  ],)er  cent,  of  recoveries. 
Idiis  disease  belongs  less 
to  (‘bildhood  and  adoles¬ 
cence  and  more  to  achdt  liff^  than.  Type  1  m^idiritis  but  there 
is  a  wide  scatter  in  the  agc's  at  onset.  Its  outstanding  feature 
is  the  chronic  in1aj)sing  course  characdvrisiHl  by  severe  and  ])(wsistent 
albuminuria  ;  tliis  may,  in  fact,  prcvaale  the  onsefij  of  symptoms  and 
be  discovered  accidentally.  As  a-  rule,  gross  lueinatuia'a.  is  absent, 
there  is  fluctuating  but  usually  seveax^  aalema  and  for  a  long  period 
botli  nitrogen  retention  and  Jiyjiertension.  are  absent.  In  cases 
escaping  deatli  from  i,nt(x.‘currc^nt  infection  a  rise  of  blood  pressure 
eventually  occurs,  the  codema  lessems,  some  ck^groe  of  azotaunia  de- 
velops,  and  death  from  rcmal  failure  may  follow  in  spite  of  the 
apparent  clinical  improvement.  It  is  a  much  Ic^ss  common  disease 
I  than  Type  I  nephritis,  but  owing  to  its  long  duration  and  chronic 
relapsing  course  such  cases  are  more  likely  to  seek  admission  to  hospital, 
and  their  frequency  thus  seems  exaggerated. 

Stkxjottjbal  Changes.  The  appearances  of  the  kidneys  naturally 
depend  upon  the  stage  which  the  disease  has  reached  at  death.  When 


Pk;.  49().~""My(>liii  kidiuy,  showing’,  tihuMdaiit 
dcposiiiS  of  jioutnil  jind  iunH(>i!’()j)i(‘^  I’at  in 
llio  tuhnlos  atul  itiUa’Hiiiiia.l  ii.ssu(\  X  f. 
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death  results  from  intercurrent  infection,  e.g.  peritonitis,  pleurisy, 
cellulitis,  etc.,  the  renal  changes  may  he  seen  at  an  early  stage  ;  the 
kidneys  are  generally  considerably  enlarged,  each  -weighing  200-300  gm. 
or  more,  and  show  striking  pallor  of  both  cortex  and  medulla.  The 
capsule  strips  readily,  leaving  a  smooth  surface  on  which  the  stellate 
veins  are  often  prominent.  The  renal  cortex  is  of  increased  width, 
the  markings  are  blurred  and  the  boundary  zone  is  often  indistinct. 
In  some  cases  the  cortex  is  ver}^  strikingly  flecked  vdth  yellowish 
deposits  of  hpoid,  both  in  the  tubule  cells  and  in  the  interstitial  tissue 
(Fig.  496).  Much  of  the  lipoid  is  doubly  refracting  and  consists  of 
complex  hpoids  and  cholesterol  esters,  and  the  term  ‘  myelin  kidney  ’ 
is  appropriately  appHed. 


ritis  of  intracapiUary  type. 

Xote  large  digitate  glomeruli  with  early  fibrous 
increase,  tubules  with  low  epithelium  and  diffuse 
increase  of  interstitial  tissue.  (J.  S.  B.)  X  60. 


Fig.  498. — Hvciliiie  droplet  change  in 
convoluted  tubules  in  subacute 
iiydrseniie  nephritis.  (Gram’s  stain.) 
(J.  S.  D.)  X  250. 


Subacute  hydroemic  nephritis  is  almost  invariably  progressive  but 

aU  oases  do  not  run  the  typical  ckronic  relapsing  course.  We  have 
observed  the  disease  run  its  whole  course  to  termination  in  renal  failure 
ia  about  a  year  with  some  degree  of  hypertension  and  cardiac  hyper¬ 
trophy  and  with  marked  nitrogen  retention.  Others  persist  over  a 
considerable  number  of  years  with  albuminuria  and  fluctuating  mdema 
and  if  they  escape  a  fatal  intercurrent  mfeetion  the  kidneys  show  a 
rather  uniform  progressive  destruction  of  glomeruli  and  tubules  which 
leads  to  a  degree  of  diffuse  fibrosis  without  much  granular  contraction. 
It  would  appear  that  blood  continues  to  flow  through  the  glomerular 
capillaries  until  a  very  advanced  stage  of  hyalinisation  is  reached,  and 
thus  hypertension  is  slower  in  onset  and  hypertensive  changes  in  the 
arterioles  and  consequently  in  the  glomeruli  are  much  less  common 
than  in  Type  I  nephritis.  In  the  end  stages,  however,  the  kidneys 
become  reduced  from  their  previously  enlarged  size  and  are  of  firmer 


81.6 


TEXT-BOOK  OF  PATHOLOGY 


consistence,  the  capsules  are  soiuc^what  adluM'cnt  and  sti'ip  with 
difficulty  and  the  main  vessels  become  tliiclccMied  in  c()nse(}uence  of 
the  terminal  hypeilxuision.  In  ra,rc'-  cuisi^s  hyixal-caision  bec^oines  pro¬ 
nounced  and  the  disease  may  ta.k('-  on  tlu^  teatinx's  of  the  malignant 
hypertension  witli  multiple  foci  of  a(mt(‘.  va^scadar  ncaaosis  (Ellis). 

Microscopic  Examination  sliows  tlu^-  glomeruli  to  bt'-  somewhat 
enlarged,  dense  and  bloodless  in  a])p(^ara.n(ie  owing  to  a  mild  degree 
of  endothelial  proliferation  and  thiclvcning  of  tlu^  ba^scmuait  membrane 
of  the  capillaries  ;  many  show  increased  lobuhition  of  the  tufts,  the 


Fia.  499."--'TjHio  Btago  ot*  su.l)tu‘.ut<0  hydnvn^ic*,  glo.inorulo-iu’iphril'is.  Tho  gloinoruli 
show  an  oxinanc'i  dogn^j  oT  Ivyaline  sdtn’osis,  Ilu'i  ot  purely 

intra,ea/pillary  type.  Th(^  tul)u,l(^s  ad’o  muck  aiU'Orc'id  uud,  the  inliorHi'iilvial 
IiHSUO  is  incnnised.  X  ()0. 

Troiri,  a  man  ajt.  25  years  dying  of  iiramda.  ''.fke  klclneyH  \veigi)od  020  gin.  ami  the  heart  420  gm. 
The  blood  urea  was  242  mg.  per  100  ml. 


capillary  loops  being  adherent  and  forming  digitate  processes  (Fig,  497). 
In  the  later  stages  the  lesion  increases  in  severity  but  in  a  remarkably 
uniform  way,  so  that  a  very  striking  fibrosis  of  tlio  capillary  loops  is 
brought  about  and  the  glomeruli  are  gradually  replaced  by  hyaline 
connective  tissue  (Fig,  499).  Ultimately  this  must  impair  the  circula¬ 
tion  through  them  and  lead  to  ischa3mia  and  consequently  to  hyper¬ 
tension.  As  a  rule  there  is  no^the  patchy  destruction  of  glomeruli 
seen  in  Type  I  nephritis,  nor  does.. the  interstitial  fibrosis  assume  the 
irregular  distribution  of  that  condition.  The  tubules  are  often  some¬ 
what  dilated  and  their  lining  epithelium  is  of  cubical  or  flattened  type. 
Hyaline  droplet  change  is  usually  a  prominemt  feature  and  fat,^both 
neutral  and  anisotropic,  almost  invariably  accumulates  in  both  the 
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convoluted  tubule  cells  and  the  interstitial  tissue.  Catarrhal  desqua¬ 


mation  of  tubule  lining  cells  may  be  conspicuous  and  this,  together 
with  the  severe  albuminuria,  gives  rise  to  abundant  casts  of  epithe¬ 
lial,  granular  and  fatty  types.  The  connective  tissue  between  the 
tubules  and  around  the  glomeruli  appears  increased  in  amount  and 
is  usually  highly  oedematous  ;  consequently  the  tubules  may  be 
widely  separated. 

Lipoid  Nephrosis.  In  a  few  cases  the  glomeruH  are  very  slightly 
affected  or  may  appear  normal  unless  special  staining  methods  are 
used,  e.g.  Mallory’s  aniline-blue  method.  In  the  tubules  the  out¬ 
standing  feature  is  the  marked  accumulation  in  the  epithelium  of  fatty 
material,  especially  cholesterol  esters  (Eig-  500).  A  considerable 


Fig.  500. — ^Kidney  in  ‘nephrosis/  show¬ 
ing  fatty  accumulatioDs  in  convoluted 
tubules. 


Note  absence  of  glomeniiar  and  interstitial  change. 


showing  patency  of  capillaries  with  some 
hyaline  thickening  of  walls.  Mallory’s 
aniline-blue  stain.  (J-  S.  D.)  X  300. 
This  renal  disease  followed  scarlatina. 


amount  of  such  material  may  accumulate  in  the  interstitial  tissue. 
There  is  practically  no  catarrh  and  no  increase  of  interstitial  tissue. 
Such  a  condition  was  called  by  many  lipoid  tiephrosis,  and  it  was 
supposed  to  be  distinct  from  glomerulo-nephritis.  It  is  nowrecognised 
(Shaw  Dunn)  that  it  is  a  form  of  the  latter  in  which  the  glomeruli  have 
been  only  shghtly  damaged,  and  there  are  no  adequate  grounds  for 
excluding  it  from  subacute  hydrsemic  glomerulo-nephritis. 

In  these  early  and  mild  cases  the  most  important  abnormality  is 
that  described  by  Shaw  Dunn.  This  consists  in  a  general  patency  of 
the  glomerular  capillaries,  these  appearing  circular  on  section  and 
showing  hyaline  thickening  of  the  capillary  basement  membrane 
(Fig.  501 ).  The  characteristic  changes  of  subacute  hydrsemic  nephritis 
appear  to  be  merely  a  further  development  of  this  capillary  lesion. 

Functional  Effects.  This  type  of  glomerulo-nephritis  is  appro- 
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priately  called.  }iydra3niic  Bepliritls,  tliougii  it  has  to  be  emphasised 
that  many  such  cases  ultimately  develop  hypertension  and  azotaemia. 
The  features  of  tlu^  hydriBmic  type  form  a  hiirly  definite  group  to  which 
the  term  ‘  nephrotic  syndronie  ’  has  Ixhui  applicxl  in  view  of  their 
occurrence  not  only  in  some  cases  of  subacadx^  int.ra, capillary  glomerulo¬ 
nephritis  but  also  in  tlie  so-c^a,ll(Ml  lipoid  lUiphrosis.  Tlu^  term 
‘  nephrotic  syndronie  ’  is  a  (U)i\veni(uit  one  to  comprise  tlu^  charae-teristic 
association  of  oligiiria,  albuminuria  without  gross  haanaturia,  general¬ 
ised  oedema  with  ascites  a.nd  hydrothoi-ax,  a,  imii’ln'd  fall  in  the  plasma 
proteins  (especially  in  the  albiimin  fra^ction),  a  i'is(^  in  tlu^  blood 
cholesterol  and,  for  a  time  at  lea-st,  tlu^  ahscuic^e  of  both,  un^a,  retention 
and  rise  of  blood  pressure.  Shaw  Dunn  gave  an,  (^\j)lanatlon  of  their 
occurrence,  taking  increased  ])ermc‘ability  of  th<‘.  glonunadai*  capillaries 
as  the  basis  of  the  jxu'sistmit  albmninnria,  and  ln(*,r(‘ascxl  reabf’.orption 
of  water  and  salt  as  the  clause  of  the  oliguria,  a,nd  thus  of  tlu^  (Bdema, 
which  he  regarded  as  a  means  of  regulating  tlu^  blood  volume  by 
disposing  of  surplus  fluid  whicli  cannot  bc^.  ndxdncxl  within  the  vascular 
system.  The  inereascxl  pcaancxibility  may  bc^  the  result  of  glomerulo- 
iiephritis  when,  it  is  present  or  of  the  dilahxl  sta,t(^.  of  the  glomerular 
capillaries,  when  definite  evidence  of  innamnm,t(.)ry  (‘luinge  is  absent. 
(Krogh  showed  that  the  normal  impernuxihility  of  most  ea])illaries  to 
protein  becomes  lost  to  some  degree  wlien,  they  a,r(^  dilated.)  The 
jiermeability  cannot,  however,  be  muesli  incjreased,  and  th(u.'e  is  little 
or  no  escape  of  red  corpusoles.  The  glomcuada-r  iiltra,tc  will  thus 
coutain  a  small  amount  of  protein,  some  ol  whi(*h.  is  absorbed  and 
appears  as  hyaline  droplets  in  tlu^  epitbelimn,  but  most  passes  in  the 
urine,  and  the  daily  ex(;rction  of  protein  (mostly  albumiT).)  may  be  as 
liigh  as  15-20-  gm.'  Owing,  liowever,  to  the  (',xc(,^ssivo  reabsorption 
which  the  filtrate  undergoes  in  passing  along  thx^.  tubules  (about  120 
instead  of  100  times)  it  is  evident  that  a  small  quanilty  of  proteiii  in 
the  original  filtrate  may  give  rise  to  a  relatively  higli  concentration 
of  albumin  in  a  urine  of  reduced  volume,  providcxl  only  that  the 
volume  of  filtrate  initially  formed  is  adecpiate,  and  proof  of  this  is 

(afforded  by  the  absence  of  urea  retention.  Die  glomcrnlar  filtrate, 
owing  to  the  state  of  the  blood,  will  also  contain  Fpioid  and  fatty 
substances  in  excess.  These  are  absorbed  by  tli,e  tubules  and  give 
rise  to  the  charaoteristie  changes  described,  in  tliese  ways  the  main 
features  may  be  satisfactorily  accounted  for.  The  very  important 
association  of  oliguria  with  absence  of  urea  retention  is  more  satis¬ 
factorily  discussed  at  a  later  stage  (p.  838).  A  similar  syndrome  is 
present  in  certain  cases  of  amyloid  disease-—^  amyloid  nephrosis 
(p.  846).  The  cause  of  the  hyperoholesteroloemia  is  not  fully  under- 
, ,  stood,  but  it  is  thought  that  it  results  from  long- continued  mobilisation 
of  the  protein  stores  of  the  tissues  for  the  continual  replenishment  of 
the  plasma  proteins  necessitated  by  the  excessive  protein  loss  in  the 
urine.  A  similar  rise  in  the  plasma  lipoids  has  boon  observed  in  dogs 
lir"which  plasma  protein  deficiency  has  bc^-cn  produced  by  repeated 
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bleeding,  the  red  ceils  being  returned  to  the  circulation  suspended  in 
saline  (j)lasmaplieresis  experiments). 

Kidney  Lesions  in  Pregancy.  In  this  condition  renal  lesions 
often  occur  and  the  effects  vary  greatly.  There  may  be  merely  some 
albuminuria  with  a  few  casts,  or  again  more  marked  urinary  changes 
are  accompanied  by  some  oedema  ;  the  condition  usually  disappears 
at  the  end  of  pregnancy.  In  some  cases,  however,  serious  effects 
result.  In  such  cases  elevation  of  the  blood  pressure  may  occur 
and  be  followed  by  eclampsia,  in  which  the  convulsions  are  of  the 
hypertensive  type  and  apparently  due  to  cerebral  anseima  brought 
about  by  angiospasm.  In  eclampsia  it  has  now  been  estabhshed  that 
glomerular  lesions  are  present.  The  affection  of  the  glomeruli  is  a 
general  one  ;  they  are  swollen  and  denser  in  appearance  and  there 
is  great  diminution  or  absence  of  blood  corpuscles  in  them.  There 
is  a  narrovdng  of  capillary  loops  oving  to  thickening  of  their  walls 
and  swelhng  of  endothelial  cells  vith  the  formation  of  new  fibrillse. 
These  changes  entail  mterference  with  the  blood  flow  through  the 
glomeruli.  Tubular  changes  are  probably  a  secondary  result.  The 
cause  of  the  kidney  lesion  is  unknomi,  as  is  also  that  which  leads  to 
eclampsia. 

Renal  Cortical  Necrosis.  In  a  certain  proportion  of  eclamptic 
cases  this  lesion  is  met  with.  The  cortex  of  both  kidneys  has  the 
appearance  of  infarction,  there  being  dull  y^ellowish  areas  bordered  by 


Fig.  *502. — ^Renal  cortical  necrosis  from  a  case  of  puerperal  eclampsia  ;  the  pale 
necrotic  areas  with  haemorrhagic  margms  are  v/ell  shown.  (J.  H.  T.)  X  f. 

deep  congestion  and  haemorrhage.  The  superficial  cortex  is  that  chiefly 
affected  (Fig.  502).  The  cause  of  the  necrosis  is  clearly  a  circulatory 
disturhance,  but  the  nature  of  this  has  been  the  subject  of  much 
discussion.  Shaw  Dunn,  however,  adduced  strong  evidence  that  the 
necrosis  is  due  to  cessation  of  cortical  blood  flow  brought  about  by 
extreme  dilatation  of  the  glomerular  capillaries  with  slowing  of  the 
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blood  stream  and  loss  of  plasma,  leading  ultimately  to  complete  stasis. 
This  will  lead  to  stoppage  of  the  blood  supply  to  the  tubules  and 
necrosis  of  their  epitlielium.  It  will  also  act  back  on  the  arteries, 
which  in  consequence  become  dilated,  whilst  tlieir  walls  suffer  varying 
degrees  of  necrotic  change  with  a  certain  aniount  of  thrombosis.  In 
these  ways,  the  circulation  through,  the  area  of  the  cortex  implicated 
is  brought  to  a  standstill.  The  fundamental  cause  of  this  occurrence 
is  not  fully  understood,  but  the  effect  on  renal  function  is  profound 
and  anuria  commonly  results. 

Anuria  in  pregnancy  and  the  puerperium  may  result  from  either  of 
two  lesions,  {a)  cortical  necrosis  of  the  kidneys  or  (6)  damage  to  the 
distal  renal  tubules  of  the  type  now  known  as  lower  nephron  nephrosis. 
The  latter  may  result  from  incomiiatible  blood  ti'ansfusion,  which 
carries  an  espee,ial  hazard  in  the  piua'pta'ium  owing  to  the  danger  of 
intragroup  incomiiatibility  arising  from  maternal  iso -immunisation, 
the  Rh  factor  being  most  frequently  rc^sponsible.  But  lower  nephron 
nephrosis  may  occur  post  partwrn  in  the  abseiujc  of  blood  transfusion 
and  it  is  probably  respohsible  for  the  cascvs  of  tem])ora;ry  anuria  which 
afterwards  recover,  whereas  those  due  to  cortical  necrosis  are  almost 
certainly  fatal.  Without  examination  of  tlie  kidneys  a  distinction 
between  them  can  hardly  be  made.  In  a  fairly  large  proportion  of 
cases  retro pkicental  haunorrhage  is  the  precipitating  cause.  Such  a 
haemorrliage  may  have  two  effects,  dtlun*  of  which  may  serve  to  bring 
into  action  the  rcllc^x  div('rsion  of  blood  through  the  juxtamedullary 
glomeruli  sometimes  known  as  the  renai  shunt  me(.'hanism.  These  are 
(1)  a  fall  in  tlu‘.  blood  volume  tending  to  a  reduction  in  the  blood 
pressure  (oligaunic  shock)  and  (2)  abnormal  distension  of  the  uterus, 
setting  u])  alfercmt  luuwous  stimuli  of  a  kind  which  Franklin  and 
Amoroso  demonsti'ated  exjxuimentally  to  be  effective.  In  other 
tissues  the  relief  of  prolonged  iscliaunia  due  to  arterial  occlusion  is 
followed  by  loss  of  arteriolar  and  capillary  tone  with  consequent 
excessive  (uipillary  dilatation  and  loss  of  plasma  into  the  tissues. 
Therefore  it  is  reasonable^  to  suppose  that  prolonged  renal  cortical 
ischaemia  due  to  temporary  vaso-spasm  may  be  followed  by  such 
extreme  caj)illary  dilatation  as  Shaw  Duun  demonstrated  (Sheehan). 

Renal  cortical  necrosis  (Xicasionally  occurs  apart  from  pregnancy 
and  may  result  either  from  extreme  toxic  action  or  ironi  thrombosis 
of  the  renal  vein..  In  the  former  category,  we  have  seen  it  in  a  child 
following  sore  throat  with  desquamation  of  the  skin  and  in  another 
in  association  with  dysenteric  symptoms.  Experimentally  it  can 
be  produced  by  intravenous  injection  of  staphylococcal  toxin  (De 
Navasquez.,  Heggie).  In  the  latter,  histological  examination  reveals 
that  the  glomerular  capillaries  are  the  initial  seat  of  the  lesion  and 
undergo  extreme  dilatation  and  stasis  followed  by  escape  of  plasma 
and  formation  of  fibrin  in  the  lumina  and  walls  of  capillaries  and 
arterioles  (Heggie). 
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Tubulab  or  Degenerative  Nephritis 

Acute  Tubular  Damage  and  Tubular  Nephritis.  Under  this 
heading  we  may  group  conditions  in  which  there  are  varying  degrees 
of  tubular  damage,  which  may  or  may  not  be  attended  with  functional 
defect.  Since  these  are  toxic  in  origin  and  retrogressive  in  nature  the 
term  '  nephrosis  ’  is  used  by  some  writers  as  a  convenient  compre¬ 
hensive  term  for  this  group  of  disturbances.  As  has  been  previously 
stated,  aH  degrees  of  such  damage,  from  cloudy  swelling  to  necrosis 
and  desquamation  of  cells,  are  met  with  in  infections  such  as  septic 
states  and  septicsemia,  diphtheria,  lobar  pneumonia,  typhoid,  etc.,  and 
may  be  accompanied  merely  by  albumiiiuria — ‘  febrile  albuminuria.’ 


Fig.  503. — Kidney  from  a  case  of  corrosive  sublimate  poisoning,  ybowing 
desquamation  and  early  necrotic  changes  in  the  tubules.  X  2o0. 

The  more  highly  specialised  renal  tubules,  i.e.  the  proximal  and  distal 
convoluted  tubules  and  Henle’s  loop,  are  more  severely  affected.  In 
some  infections,  notably  in  yellow  fever,  the  albuminuria  may  be  of 
marked  degree  and  associated  with  oliguria  and  casts;  sometimes 
actual  suppression  occurs.  Marked  tubular  damage  amounting  to 
necrosis  may  be  caused  likewise  by  various  poisons  such  as  carbolic 
acid,  arsenic,  cantharides,  oxalates,  ethylene  glycol,  carbon  tetra- 
^  chloride,  etc.,  and  also  metallic  salts  such  as  corrosive  sublimate,  salts 
of  uranium  and  chromium ;  and  certain  of  these  may  cause  selective 
damage  to  the  distal  convoluted  tubule  and  ascending  limb  of  Henle’s 
loop  (lower  nephron  nephrosis).  When  tubular  damage  is  severe  there 
is  usually  some  degree  of  urea  retention.  In  cases  of  corrosive  sub¬ 
limate  poisoning  in  the  human  subject,  for  instance,  there  is  found 
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in  fatal,  cases  iiiiKili  necrosis  of  tiihnlar  epitlieliuiii  (  Fig.  503)  and  this 
may  be  followed  by  (udcih cation  ;  urea  retention  a.nd  oliguria,  are  often 
marked. 

The  administration  of  suc.'.rosc^  intraveiiously  leads  to  an  a.|)j)ea.i*a,nGe 
resembling  intense  hydropic  (k^gcauiration  of  the  renal  tubules  ct'lls,  but 
this  soon  passes  off  and  clc^arly  no  Berions  harm  resnlts. 

The  iiaked~eye  appearances  in  such  conditions  are  due  chiefly 
I  to  swelling  of  the  tubules.  Accordingly,  the  kidneys  are  somewhat 
['  swollen  and,  on  section,  the  substa-nce  bulges  on  account  of  tlie  tension. 

^  For  the  same  reason,  tlu^  c.apillai’ic^s  of  the  cortex  contain  little  blood, 
and  thus  the  cortex  has  a,  pah^  greyish-pink  colour  and  a  rather  blurred 
appearance.  On  the  otluu:  hand,  tlu^  medulla  is  oft(ai  intcuisdy  con¬ 
gested,  and  contrasts  marluHlly  with,  the  (;ortex.  Oct^asiomdly,  ininute 
petechi®  are  present  in  tlu^  subst-ajuH^  and  on  tlie  surla.cn  ol;  ih(^  organ. 
If  the  condition  has  lasted  for  sonu'  time,  tlierc  ina,y  slight  yellowish, 
mottling  in  the  cortex  owing  to  tlie  occurrence  of  secondary  fatty 
degeneration. 

In  all  such  conditions  the  glomeruli  are  free  from  distinct  inflam¬ 
matory  change,  and  it  is  generally  believed  that  if  a  fatal  result  does 
I  not  follow,  the  tubular  damage  is  usually  effectively  repaired.  At 
any  rate  there  is  not  clear  evidence  that  any  form  of  Bright’s  disease 
results,  though  the  possibility  of  this  cannot  bo  excluded.  It  must 
,  be  borne  in  mind,  however,  that  in  animals  the  damage  to  the  kidneys 
produced  by  metallic  salts  is  often  followed  by  incomplete  repair,  and 
'^X^atchy  fibrotic  atrophy  and  irregularity  of  the  surface  may  result. 

Lower  Nephron  Nephrosis.  This  term  luis  come  into  general 
use  to  describe  the  renal  lesions  f()und.  ch,ara(‘t(U’istieally  in  persons 
?  suffering  from  anuria  after  (‘,rusli  injuries  and  (>Iig<erni(^  sliock,  but 
‘  essentially  similar  eluniges  arc  found  aftcu:  ine-ompatible  blood  trans¬ 
fusion,  j)aroxysmal  haunoglobiiiuria,  bhu^kwater  fevc^r,  and  in  a  number 
of  other  conditions,  including  sul])hoiiami,(lc  tiuu'apy.  ^riie  crush  syn- 
.1  drome  came  into  prominence  in.  c,;(mne(ition  with  air-raid  c.asualties,  but 
i  is  also  met  with  after  various  forms  of  trauma  in  civil  life  ;  similar 
'renal  changes  may  occur  after  puerperal  liaunorrhage  (p,  820). 

'■  The  crush  syndrome  develops  after  j)rolonged  compression  of  a  limb 
has  led  to  severe  ischemia  of  the  tissues  ;  on  restoration  of  the  circula¬ 
tion  following  relief  of  the  pressure  great  loss  of  plasma  into  the  tissues 
takes  place  ow.ing  to  loss  of  capillary  tone.  Isch,®mic  necrosis  of  the 
affected  muscles  follows  and  products  of  muscle  breakdown  are 
absorbed.  Among  these  are  myohsemoglobin,  potassium,  and  phos¬ 
phate,  including  adenosine  triphosphate  (Green),  all  of  which  may  be 
concerned  in  the  ensuing  clinical  syndrome.  There  is  pronounced 
general  vasoconstriction  so  that  shock  may  not  appear  at  first,  but 
as  a  rule  it  comes  on  later.  Usually  within  24  hours  the  urine  is  found 
to  be  scanty  and  of  dark  reddish-brown  colour  due  to  the  presence 
of  pigments  and  with  a  heavy  brownish  deposit  of  casts  and  renal 
debris.  The  chief  jngment  has  boeu  showu  fo  be  myoheemogloMn 
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liberated  from  the  ischemic  muscles,  which  are  necrotic  and  therefore 
become  decolorised.  In  fatal  cases  the  secretion  of  urine  decreases 
progressively  and  it  becomes  less  concentrated  though  strongly  acid ; 
ultimately  it  resembles  in  composition  unconcentrated  glomerular 
filtrate.  It  was  observed  that  the  prognosis  was  very  bad  if  diuresis 
faded  to  appear  by  the  fifth  day,  that  the  heart’s  action  became 
irregular,  and  that  death  was  often  very  sudden ;  this  has  been 
attributed  to  the  excess  of  potassium  in  the  blood.  In  such  cases 
the  kidneys  are  of  increased  size  and  their  substance  is  oedematous  and 
pale,  in  some  a  distinct  zone  of  mcreased  pallor  is  seen  in  the  inner 
part  of  the  cortex. 

Microscopically,  the  glomerular  capillaries  appear  normal  but  the 
parietal  layer  of  capsular  epithehum  may  be  partly  relaced  bj"  cubical 
cells  and  the  capsular  space  is  filled  with  eosinophilic  granular  material 
which  also  occurs  freely  in  the  first  convoluted  tubule,  filling  its  lumen 
and  extending  into  Henle’s  loop.  The  most  severe  damage  is  seen 
in  the  ascending  hmb  and  especially  in  the  distal  convoluted  tubule, 
the  lining  of  w^hich  may  be  completely  necrotic  and  surrounded  by 
fibroblastic  and  cellular  reaction.  Some  of  the  ascending  limbs  of 
Henle  show^  foci  of  rupture  with  protrusion  of  their  contained  easts 
into  an  adjacent  venule,  resulting  in  tubulo- venous  fistulse  and  the 
formation  of  thrombus  in  the  venule  (Shaw  Dumi).  In  the  distal 
convoluted  tubules  there  are  characteristic  brownish  casts  of  pre¬ 
cipitated  m^^ohsemoglobm  or  some  derivative  and  in  the  collecting 
tubules  these  are  accompanied  by  many  cells  derived  from  tubular 
catarrh.  Regenerative  changes  in  the  tubular  epithelium  are  usually 
present. 

The  renal  lesions  after  incompatible  transfusion  and  other  con¬ 
ditions  of  intravascular  lysis  are  essentially  similar  except  that  the 
pigmented  casts  contain  haemoglobin  instead  of  myohaemoglobin.  The 
view  is  no  longer  held  that  in  such  states  anuria  is  the  result  of  tubular 
blockage,  and  it  is  now  thought  to  arise  from  a  failure  of  the  damaged 
ascending  loops  and  second  convoluted  tubules  to  carry  out  their 
normal  selective  reabsorption  of  water  and  solutes.  Homer  Smith 
has  estimated  that  about  seven-eighths  of  the  glomerular  filtrate  is 
normally  reabsorbed  in  the  proximal  tubules  and  thin  limb  of  Henle, 
leaving  only  about  one-eighth  to  be  subjected  to  further  absorption  in 
the  broad  ascending  hmb  and  second  convoluted  tubule  ;  selective  re¬ 
absorption  in  this  zone  therefore  determines  the  final  composition  of  the 
urine.  Shaw  Dunn  thought  that  in  the  crush  sjmdrome  the  locahsatidn 
of  the  maximum  damage  ui  the  distal  tubules  was  attributable  to  the 
high  concentration  of  some  abnormal  metaboHte  derived  from  the 
necrotic  muscles,  and  instanced  the  similar  locaHsation  of  renal  damage 
by  phosphates  and  by  uric  acid,  but  it  is  difficult  to  apply  this  explana¬ 
tion  to  the  almost  identical  changes  seen  in  iacompatible  transfusion,  etc. 

It  is  generally  agreed  that  the  most  significant  changes  are  those 
in  the  distal  tubules  and  hence  the  term  ^  lower  nephron  nephrosis  ’ 


824 


TEXT-BOOK  OF  PATHOLOGY 


seems  justitied.  In  cases  followiiig  lueniorrliage  and  sliook,  renal 
cortical  iscliiBinia  may  perhaps  be  induced  by  means  of  the  so-called 
shunt  niechanism,  but  whilst  its  participation.  inYenal  cortical  necrosis 
is  readily  understandable  it  is  difficult  to  assign  to  it  so  curiously 
selective  an  action  as  is  seen  in  this  lesion,  tliougli  one  might  speculate 
that  the  greater  amount  of  work  required  in  elaborating  a  hypertonic 
urine  may  render  this  segment  of  the  tubules  specially  vulnerable  to 
anoxia. 


Othee  Foems  of  Nepheitis 


Embolic  Nephritis.  This  is  a  distinct  type  of  nephritis  which 
is  not  uncommon  in  cases  of  subacute  endocarditis  caused  by  strepto¬ 
cocci,  especially  the  Stre/ptoaxxus  viridans.  It  thus  appears  clinic¬ 
ally  as  a  complication  of  that  disease  rather  than  as  a  primary  kidney 

affection.  The  kidneys  are 


enlarged  to  a  variable  extent, 
the  surface  is  smooth  and 
numerous  small  hsemorrhages 
are  seen  on  it,  while  the 
cortex  on  section  shows  a 
reddish  mottling  owing  to 
congestion  and  haemorrhages 
on  a  somewhat  pale  back¬ 
ground.  In  some  cases  hemor¬ 
rhages  are  a  prominent 
feature,  and  the  pyramids  may 
be  deep  red  owing  to  the 
presence  of  blood  in  the  col¬ 
lecting  tubules. 


FiQ-.  504. — Glomorulus  in  embolic  neph-  On  MiCEOSCOPIOExAMINA- 


ritis,  showing  hyaline  patcli  of  iiecrosis 
(a),  also  leucocyte  infiltration  and 
commencing  proliferation  of  epitlielium 
under  capsule.  X  200. 


TiON,  the  essential  change  is 
seen  to  be  an  irregular  a^eciion 
of  glomeruli,  some  showing 


severe  lesions  whilst  others 


are  free.  Furthermore,  the  lesion  in  the  individual  glomeruli  is  of 
patchy  character.  In  an  affected  glomerulus  there  is  often  an  area 
of  hyaline  necrosis  which  has  started  from  a  capillary  and  has  then  in¬ 
volved  the  surrounding  tissue,  whilst  in  the  part  beyond  there  is 
inflammatory  reaction — swelling  and  proliferation  of  endothelial  cells 
along  with  infiltration  of  leucocytes  (Fig.  504).  Blood  or  exudate 
with  leucocytes  is  often  present  within  the  capsxile  of  Bowman. 
The  tubules  may  show  a  varying  degree  of  catarrh,  and  many  of  them 
contain  blood,  derived  chiefly  from  the  glomeruli.  It  has  been 
shown  in  some  cases  that  the  damage  to  the  glomeruli  is  the  result 
of  the  streptococci  settling  in  their  capillaries,  though  frequently 
no  organisms  can  be  found.  Hmmaturia  is  usually  present  and  may 
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be  a  marked  feature.  Mere  recovery  to  occur,  as  is  now  possible  in 
treated  cases,  patchy  overgrowth  of  connective  tissue  would  result. 

In  disseyyiiyiafed  lupus  eri/tkeMutosus  there  is  sometimes  a  verrucose 
endocarditis  (Libman-Saehs  s^mdrome)  and  the  kidneys  are  enlarged 
and  show  punctate  haemorrhages.  Albuminuria  is  present  and  the 
glomeruli  show  two  distinct  lesions,  (a)  focal  necrosis  of  loops  with 
thrombosis  not  involving  the  afferent  arterioles  and  (b)  hyaline  thicken¬ 
ing  ^  of  the  capillary  basement  membrane,  which  gives  the  loops  a 
curiously  stiff,  rigid  appearance— the  so-called  wire-loop  lesion. 

I  ^  Acute  Interstitial  Nephritis.  This  is  a  comparatively  infrequent  though  very 
mterestmg  lesion.  The  most  frequent  cause  is  scarlatina,  in  which  disease  it 
occurs  at  a  somewhat  earlier  stage 
than  the  more  common  glomerulo¬ 
nephritis — usually  within  the  first 
fortnight.  It  is  met  with  also  in 
diphtheria  and  various  septic  con¬ 
ditions.  It  is  not  possible  to  say 
why  two  distinct  types  of  nephritis 
should  occur  in  scarlatina,  but  it  is 
supposed  by  some  that  the  inter¬ 
stitial  type  is  specially  related  to 
mixed  infections.  The  essential 
change  in  acute  interstitial  nephritis 
is  an  infiltration  of  the  connective 
tissue  of  the  organ  by  non-granular 
leucocytes  (Fig.  505).  These  are 
chiefly  lymphocytes,  mononuclears 
and  plasma  cells,  in  some  of  which 
mitotic  figures  may  be  seen ;  eosino  - 
phil  cells  and  a  few  polymorpho¬ 
nuclear  leucocytes  may  be  present. 

The  infiltration  occurs  usually  in  a 
diffuse  manner  in  the  medulla  and 
is  specially  marked  in  the  boundary 
zone,  where  the  tubules  may  be  widely  separated.  In  the  cortex,  it  extends 
along  the  interlobular  vessels,  dimimshing  in  an  outward  direction,  and  occurs 
also  in  patches  related  to  the  glomerular  arterioles.  In  most  cases  no  organisms 
have  been  found  in  the  lesions.  The  glomeruli  and  usually  the  tubules  may  be 
free  from  any  noteworthy  change ;  and  with  this  there  is  to  be  related  the 
fact  that  albumin  may  be  absent  from  the  urine  or  present  in  only  a  small 
amount. 

The  kidneys  in  acute  interstitial  nephritis  tend  to  be  swollen,  tense  and 
rather  soft,  and  the  cut  surface  bulges  somewhat.  The  medulla  and  boundary 
zone  are  paler  than  the  normal  and  have  a  blurred  appearance,  whilst  more 
superfcially  in  the  cortex,  lines  of  irregular  congestion  alternate  with  the  pale 
greyish  tissue.  These  appearances  are  due  to  the  leucocytic  infiltration  described, 
along  with  congestion  which  varies  in  amoimt ;  occasionally  minute  hsemorrhages 
may  be  present.  The  pancreas  ana  liver  may  also  show  cellular  infiltration. 

It  is  not  possible  to  speak  definitely  with  regard  to  the  occurrence  and  sub- 
sequent  course  of  this  lesion  in  non-fatal  cases.  An  absorption  of  the  leucocytes 
with  return  to  normal  is  a  possibility,  but  overgrowth  of  connective  tissue, 
corresponding  with  the  leucocyte  distribution,  may  perhaps  follow ;  that  is,  a 
form  of  subacute  and  chronic  nephritis  may  be  the  result.  Acute  interstitial 
changes  are  met  with  in  pyelonephritis  and  some  of  the  cases  described  as  acute 
interstitial  nephritis  may  be  of  that  nature. 
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Fig.  505. — ^Acute  interstitial  nephritis, 
showing  the  abundant  cellular  infiltra¬ 
tion  between  the  tubules,  x  200. 
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Nepl^-;,h  of  OhiUlhood.  Tlxis  type  is  confixxod  almost  ex 
clusxvoly  to  childhood  un.l  is  .■lianictoriscd  by  marked  hiomaturia,  with  scantv 
caste  and  slight  ohguna.  (l.ldoina  is  gen, .rally  limited  to  the  periorbital  tissues 
and  constitutional  distnrhaiico  is  mild.  The  prognosis  is  usually  favourable 
ihoro  IS  marked  vascular  ongorgonient  of  both  corto.x  and  medulla  of  the  hid" 
noys.whieli  are  swollen  and  dee,,  re.h  M.iili  bieinorrliage  is  (bniid  in  Bowma  A 
eapsulo  anil  in  the  tiibnles.  .Iron  pigment  is  olXen  juvseiit  in  ilie  cells  of  the 
tub,,  es  and  interstitial  tissue.  There  is  slight  ,,rolireration  of  the  capillary 
oiidothohum  ot  llie  gloinonih,  with  .soino  iiitiltration  of  polymorohs  •  the  eoll« 
of  the  convoluted  til bnlos  show  sliglit  degonorativo  change,  the  lesion  is  usually 
ol  focal  naturo,  but  occasionally  is  diffuso.  Its  etiology  is  unknown.  ^ 


NlOI«IIR()S(!ld.;i<,CISIS--PRi:MARY  .RKNAh  PtUROSlS 

_  Noiilifosnlnrosiw  or  priintiry  renal  fibrosis  includes  fibrotic  changes 
m  the  kidney  which  tire  due  to  arterial  disease.  (The  term  ‘  primary  ’ 
merely  metius  that  the  eondition  is  not  secondary  to  previous  nephritis.) 
In  by  far  the  inost  importtint  type,  essential  liypertension  is  present 
and  the  arterial  clianges  tiro  those  of  arteriosciltirosis.  The  etiolouy 
ot  the  latter  has  already  been  discussed  and  the  conclusion  which 
apiiears  warranted  is  that  t.ho  changes  in  the  tirtcritil  tree  are  the 
result  ot  the  hyiiertension.  Tims  we  have  the  sequence  of  events 
[a)  essoutial  hypertension,  (6)  arteriosclerosis,  {<■)  kidney  damage  and 
fibrosis,  l.he  initial  tuiuse  ot  the  hypertension  is  still  uncertain 
(lohUdaU  attrilnites  it  to  arteriosclerollc  changes  in  tlie  renal  arterioles' 
hut  tliere  is  no  wtiy  of  distinguishing  such  possibly  tiausal  vascular 
lesions  from  those  wliieh  result  from  the  hy^iortension  and  it  seems 
illogical  to  regard  arteriosclerosis  of  the  remil  arterioles  as  both  cause 
and  cftect  of  hypertension.  'I'lio  damage  f,o  the  kidney  varies  greatly 
ill  dogice.  .In  the  mtijority  of  eases  there  is  no  serious  impairment  of 
kidney  function  and  accordingly  tlu^  tenu  '  Ixuiign  nephrosclero»sis  ’ 
may  stiitably  beji  applied,  but  in  other’s  itlu'  vascular  disturbance  is 
greater  and  more  rapidly  prodiuied.  Progressive  renal  insufficiency 
often  results  and  ultimately  leads  to  dcatli.  Tims  a  'malignant 
nepiirosclerosis  is  now  recognised.  Whilst  hypertensive  nephro¬ 
sclerosis  usually  corresponds  to  one  of  the  two  types  mentioned,  the 
difference  is^one  of  degree  and  intermediate  examples  are  met  with. 

In  a  less  important  type  of  nephrosclerosis  there  is  no  hypertension 
and  the  arterial  changes  are  mainly  degenerative  ;  they  represent  an 
intensification  of  those  met  with  in  old  age.  These  types  may  be  put 
in  tabular  form 

I.  Nephrosclerosis  with  Hypertension,  or  Hypertensive  Nephro¬ 
sclerosis  :  [a)  Benign  type  ;■  (6)  Malignant  type. 

II.  Nephrosclerosis  without  Hypertension,  or  .Senile  Nephro- 
solerosis. 

I.  Hypertensive  Nephrosclerosis,  (a)  Benign  Type. 

^  Ihe  term  hypertensive  nephrosclerosis  is  on  the  whole  the  most 
suitable.  It  has  the  disadvantage  that  in  some  oases  there  is  little 
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or  no  fibrosis  or  scidrosis  in  the  kidneys  as  the  result  of  changes 
in  the  arterial  tree.  The  only  alternative  is  to  speak  of  ^  the  kidneys 
in  essential  hypertension ' ;  an  expression  wliich  is  comprehensive 
enough  but  not  informative  as  to  structural  changes. 

The  ordinary  clinical  picture  here  is  one  of  essential  hypertension, 
arteriosclerosis  and  hj^ertrophy  of  the  left  ventricle.  (The  term 
benign  applies  only  to  the  effects  on  the  kidneys.)  Patients  with 
such  a  sjmdrome  often  die  from  cerebral  haemorrhage  and  in  such 
cases  the  state  of  the  kidneys  varies  greatly.  At  one  end  of  the  series 
are  kidneys  of  full  size  and  little  changed  in  appearance  ;  at  the 
other  end  a  granular  contracted 
kidney.  The  great  variation  in  the 
state  of  the  kidneys  depends  on  the 
extent  to  which  the  minute  arteries 
in  the  kidneys  are  affected  as  the 
result  of  the  hypertension. 

In  our  experience  it  is  not  a 
rare  occurrence  to  find  in  essential 
hypertension  enlarged  kidneys  Avith 
a  practically  smooth  surface,  but 
sometimes  their  weight  is  above  the 
normal  ovdng  to  a  great  increase  in 
the  pelvic  fat.  On  microscopic  ex¬ 
amination  hypertrophic  and  fibrotic 
changes  are  found  to  be  marked 
in  the  larger  and  medium  sized 
arteries,  whilst  hy^aline  change  is 
present  in  a  few  of  the  arterioles. 

In  relation  to  the  latter  there  may  be 
a  small  amount  of  hy^aline  change 
with  sclerosis  of  the  related  glom¬ 
eruli,  but  sometimes  practically^ 
none.  Kidneys  in  such  a  state 
exemplify  those  in  which  the 
minute  arterioles  have  suffered  a 
minimum  of  damage  from  the  hyper¬ 
tension. 

In  the  majorityr  of  cases  of  benign  hypertension,  the  kidney^s  are 
in  some  stage  of  irregular  contraction  and  fibrosis,  such  as  is  illustrated 
in  Fig.  506,  and  of  course  there  are  great  variations  in  such  a  condition. 
There  may  be  merely  patches  of  commencing  granularity  with  some 
capsular  adhesions,  or  there  may  be  areas  of  irregularity  with  distinct 
shrinkage,  especially  along  the  convex  border  of  the  organ.  Some¬ 
times,  however,  the  affection  of  the  arteries  and  arterioles  is  of  a 
general  kind  and  of  marked  degree  throughout  both  kidneys,  and 
then  a  granular  contracted  hidney  results.  Formerly  there  was  much 
discussion  and  controversy  whether  the  development  of  granular 


Fig.  506. — Nephrosclerosis  of  irregu¬ 
lar  type  from, a  case  of  arterio¬ 
sclerosis  with  hypertension. 


Note  the  greatly  sclerosed  renal  artery,  x  f , 
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v.oukl  i^vi^r  Ix^  aitril)ui(‘(I  solely  to  arteriosclerotic 
vascular  disc^ast^  <ui(l  tlu^  vicnv  wa.s  widedy  helcl  that  the  changes 
nGXiessarily  iin})licd  j)r(‘vi()us  iidhinunatory  (h^str'uction  of  glomeruli. 
The  pendulum  o[  opinion  has  now  swung  far  in  the  <)ppositcrclirection 
and  it  is  sugg(>sted  (Fllis,  Wilson  and  Byroin)  that  most  of  the  destruc- 
tive  chang<‘s  scan  in  granular  (nntraeted  kidiuws  in,  which,  there  is  an 
antec(xl(Mit  history  of  an  aeade  attaek  are  ,not  the  direct  result  of 
previous  inllaiumatoiy  damage,  hut  are  the  (nnseciuence  of  the  hyper¬ 
tension  whi(^h  that  previous  damages  ha,s  induccxl.  These  authors 
(express  th(‘  opinion  that  th(‘.  majority  of  the  changes  are  in  fact 
attrihutabk'  to  tlu^  vascadar  lesions  resulting  from  hy|){a:tension,  the 
antecedent  glomendo-n(‘.phihts  scawing  the  purpose  merely  of  initiating 
the  hypertension  i)y  i)i‘odue,ing  i*oe.a,l  renal  iscduemia.'  This  view, 
which  we  have  ludd  previously  on  clinical  and  on,  histological  grounds' 
has  now  received  confirmation  from  tiu^  experinuaital  work  of  Wilson 
and  Byrom,  who  showexl  tluit  in  rats  i)artia,l  obstruction  of  one  renal 
aitciy  could  lead  to  liyjKa'teaision  witli,  in  some  animals,  the  neci'otising 
arteriolar  lesions  of  maJignant  hypertcaision  in  tlu^  unclamped  kidney"! 
Both  acute  <ind  C/Iu’onici  (ksslaaictivc'!  .le^sions  resulted  in  the  rat  kidney 
which  closely  paralkded  tlu^  appea-rancu^s  sexui  in  luiman.  kidneys  in 
which  tlui  history  aaid  histological  a>j)peairane,es  suggested  a  long- 
previous  glomerulo-m^diritis  of  ae-ris  type  (Fllis  iype  I).  Ellis  and 
his  co-workers  therefore^  spi^a-k  of '  th(‘,  vicious  circle  in  chronic  Bright’s 
disease  and  this  conclusion  accords  generally  with  our  experience 
that  cases  of  acuU^  glomerulo-,nephritis  in  which,  complete  recovery 
fails  to  occtur  randy  if  (wca*  laauih.  tlu^  stage  of  granular  contraction 
by  continued  ])r()gression  of  sid)a,(mt(^  azotamiici  TK^jvliritis.  We  believe 
that  the  prodiuitioti  of  thc^  granular  (!ontra>c-ted  stage  necessitates  a 
fairly  long  interval,  during  much  of  wliich,  the  disease  is  usually  latent 
but  detectabk^  by  tlu^-  pr'cvsenc.e  ot  slight  albuminuiaa  and  continued 
hypertension.  In  all  such  cases  the  s(a|uen<u^  of  events  is  the  same — 
an  advancing  implicuition  of  artcM*i,oles,  hyaline  change  and  sclerosis 
of  glomeruli,  atrophy  of  tubuh's,  scx'.ondary  fibrosis.  There  is  in  fact 
a  progressive  loss  of  nephrons. 

Primary  QratmU ir  (J ontracted  Ktdney—Genuine  Sch^'umpfniere 
of  German  writers.  In  this  for,ni  the  granularity  of  the  organ  is  pretty 
even  in  distribution,  and  the  colour  is  usually  red.  .  The  consistence 
is  moderately  firm,  and  elastic.  The  capsule  is  thickened  but, not 
markedly  adlieront  and  on  its  being  stripped  the  surface  is  seen  to 
be  granular  and  of  mottled  appearance.  The  elevations  in  the 
granular  surface  are  somewhat  pale  while  the  depressions  are  of  red 
colour.  On  section,  the  cortex  is  found  to  be  atrophied  in  varying 
degree  and  the  nor,mal  markings  have  disappeared,  the  parenchyma 
presenting  a  confused  reddish  mottling  or  stippling.  The  walls  of 
the  arteries  are  thickened  and  stand  otit  prominently.  This  is  notably 
the  case  in  the  boundary  zone,  where  the  vessels  appear  to  be  both 
increased  in  size  and  more  numerous,  owing  to  the  fact  that  they  are 
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often  tortuous  and  thus  appear  several  times  in  the  section.  The 
medulla  also  is  dimin¬ 
ished  in  thickness,  but 
less  proportionately  than 
the  cortex,  and  the  pelvic 
fat  is  increased  in  amount 
to  compensate  for  the 
general  atrophy.  The 
renal  artery  and  its 
branches  in  the  hilum 
are  the  seat  of  severe 
arteriosclerosis  and  are 
abnormally  large  and 
prominent.  The  term 
'  red  granular  ’  used  to 
be  applied  to  this  t}^e  of  kidney  in  contrast  to  the  ‘  pale  con¬ 
tracted  ’  kidney  of  chronic  glomerulo-nephritis.  It  is,  however, 
impossible  to  say  without  microscopic  examination  whether  a  gran¬ 
ular  contracted  kidney  is  of  the  primary  or  secondary  t^^e,  and  the 
value  of  the  distinction  is  open  to  doubt. 

MiCROSCOPIO  EXAIVnKATIOIT 
shows  that  in  the  cortex  there 
are  areas  of  fibrosis  alternating 
with  portions  less  affected. 
The  former,  owing  to  the  con¬ 
traction  which  occurs,  corre¬ 
spond  to  the  depressions,  and 
in  them  the  connective  tissue 
growth  is  seen  to  be  definitely 
related  to  the  intralobular 
arteries.  These  vessels  are 
tortuous  and ,  have  thickened 
walls  which  are  more  or  less 
sclerotic  and  may  show  fatty 
change  ;  their  connective  tissue 
is  sometimes  hyaline,  or  a 
more  distinct  endarteritis  may 
be  present.  In  the  small 
arterioles  the  intima  is  greatly 
swollen  and  hyaline  and  often  contains  much  fat ;  in  addition 
some  afferents  may  show  necrosis  and  fibrin  formation  in  their 
waUs  (Fig.  508).  Ail  stages  of  diminution  of  the  lumen,  dowm  to 
complete  closure  of  the  minute  twigs,  may  be  seen.  The  glomeruli 
are  gathered  together  in  the  connective  tissue  around  the  arteries,  and 
are  quite  irregular  in  their  arrangement.  Some  of  them  appear  com¬ 
paratively  healthy,  whilst  others  are  sclerosed  and  changed  into 
small  hyaline  balls,  enclosed  in  a  thickened  and  closely  applied  capsule 


Fig.  o08. — ^Primary  renal  fibrosis,  show¬ 
ing  great  hyaline  thickening  of  afferent 
vessel  passing  to  glomerulus.  (J.  S.  D.) 
X  100. 


Fig.  507. — Granular  contracted  kidney  of 
primary  type  from  a  case  of  chronic  lead 
poisoning. 

Xote  the  gramilar  surface.  X  |. 


of  liyaiilie  iibroiis  tissue  ;  in  others  again,  tlie  change  is  seen  in  various 
stages  (Fig.  501)). 

In  tlu‘.  surrounding  (j()iinective  tissue,  the  tubules  are  for  the  most 
})art  ata’ophied  a,iid  liiunl  with  small  cubical  cells.  Patches  of  lynipho- 
cyti(‘.  inliItra,tion  may  Ix^  prc^seut  in  the  fibrous  tissue.  The  intervening 
a.r(vis,  corr(\s|)onding  to  th(5  elevatiojis,  are  composed  chiefly  of  tubules 
IxdAveen  which,  t^herc^  is  com])ai’a,tively  little  in(irea,s(^  of  fibrous  tissue, 
d'hese  tubul(‘s  a,r(^  often  dilated  and  the  epitludium  tends  to  be  cubical ; 
oc(n,sionally  it  ma,y  show  (wid(MK*,e  of  coiujxvnsatory  hypertrophy. 
Colloid  casts  are  usually  veT*y  abundant  in  tlie  collecting  tubules. 


FiO.  (ion,i-ra,clo(l.  kidney  in  primary  r(aud  iLbrosis. 

Koic  the  wed^e-HhaiH'd  niH^uR  oi,’ sarviviiiK  and  hyperkojdiied  i.ubuleH  and,  the  iiutehy  ilhroBls  with 
8ev(‘re  .selerosis  ol‘  tlu\  cortiical  arterioU'K.  ;<  12*5. 


The  larger  arteries  show  the  usual  hypertrophic  changes  and  resulting, 
fibrosis. 

The  above  account  is  of  a  primary  granular  contracted  kidney  of 
very  chronic  type.  In  many  cases,  however,  some  of  the  features 
of  the  malignant  type  are  present  in  addition. 

etiology  of  primary  granular  contracted  kidney  is  simply  that 
of  essential  hypertension,  the  ejBfects  of  which  vary  both  in  distribution 
and  degree.  It  is  not  possible  to  say  why  in  some  cases  the  .kidneys 
almost,  escape  whilst  in  others  there  is  an  almost  general  affection  of 
their  substance.  The  granular  kidney  has  been  generally  related  by 
writers  to  gout  and  lead  poisoning  ;  but  these,  at  most,  can  account 
for  only  a  part  of  the  causation.  Our  experience  is  that  this  type  of 
lesion  in  its  characteristic  form  is  less  common  than  it  used  to  be. 
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Gli^tical  Effects.  H\^ertensioii  "witii  iiepiiroseierosis  of  the 
benign  t;^^e  may  last  for  years  rntbout  appreciably  affecting  the  health, 
and  it  is,  of  course,  accompanied  by  generalised  arteriosclerosis  with 
fibrosis  of  the  media  in  the  muscular  arteries.  There  may  be  some 
polyuria  with  slight  albuminuria  or  without  albuminuria,  but  there  is  no 
other  impairment  of  renal  function  or  rise  in  the  blood  urea.  Death 
usually  occurs  not  from  ureemia  but  in  some  other  way  ;  for  example, 
it  may  be  due  to  cerebral  haemorrhage  and  in  fact  benign  hypertension 
is  the  commonest  cause  of  this  occurrence.  In  other  cases  the  hyper¬ 
trophied  heart  fails  and  the  case  becomes  one  of  cardiac  decompensa¬ 
tion  with  oedema,  etc.  Again,  the  mahgnant  type  of  hypertension 
may  be  superadded.  Of  course,  death  may^  occur  from  intercurrent 
affections  and  the  renal  lesion  may^  be  an  incideiital  finding. 

Hypertensive  Nephrosclerosis,  (b)  Malignant  Type.  The 
affection  usually  develops  at  an  earlier  period  than  the  ordinary 
benign  type,  often  before  the  age  of  forty-five.  The  size  of  the  kidneys 
varies  but  is  usually  not  much  diminished,  in  fact  they  may  be  of 
normal  size.  The  surface  is  uneven  but  usually  not  definite^  granular, 
and  shows  some  Hi-defined  reddish  areas  or  spots  due  to  congestion 
and  haemorrhage  ;  on  section  similar  areas  are  seen  in  the  cortex, 
often  running  in  a  perpendicular  way.  The  renal  artery  and  its 
branches  show  marked  sclerosis.  On  microscopic  examination  severe 
arterial  lesions  are  found.  The  small  arteries  show  great  intimal 
thickening  due  to  concentric  layers  of  connective  tissue  ;  the  lumina 
are  in  consequence  much  diminished.  In  the  arterioles,  in  addition 
to  the  usual  hyaline  and  fatty  changes  in  the  intima  there  may  be  a 
fibrinoid  necrosis  of  the  walls  and  a  varying  amount  of  necrosis  may 
extend  into  the  roots  of  the  glomeruli ;  thrombosis  of  glomerular 
capillaries  and  actual  glomerular  infarction  may^  result  (Eig.  510) .  The 
glomerular  affection  is  very  uneven.  In  some  there  is  merely  an 
irregular  and  intense  capillary^  congestion  with  a  varynng  amount  of 
haemorrhage  in  the  glomeruh  ;  secondary  proliferation  of  capsular 
epithehum  may  follow.  xALbuminuria  is  present  and  hy^ahne  droplets 
may  be  abundant  in  the  tubules  serving  damaged  glomeruli  ;  thus  the 
appearances  may^  closely  resemble  those  in  some  cases  of  nepliritis 
acris.  Patches  of  interstitial  change,  cellular  or  fibrotic,  are  present . 
Though  recent  leucocytic  emigration  is  present  we  consider  this  a 
secondary  phenomenon.  The  condition  as  a  whole  is  not  inflammatory, 
as  was  at  one  time  believed,  but  represents  a  profound  disturbance 
of  the  glomerular  circulation  varying  from  stagnation  in  the  congested 
zones  to  complete  arterial  obstruction  in  the  infarcted  nephrons.  One 
other  point  of  importance  is  that  the  arterial  changes  are  not  confined 
to  the  kidneys  but  are  present  in  other  organs.  They  vary  much  in 
distribution  and  extent  in  different  cases,  but  when  severe  they  bear 
a  considerable  resemblance  to  the  arteriolar  lesions  of  polyarteritis 
nodosa  {vide  infra,  also  p.  833). 

Cliftical  Effects.  The  early  stage  of  the  disease  may^  be 
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symptoiuloMs  I)ui  (liK(nirl>!in(‘.('s  oC  vision  soon  nuiki^  tlmir  appearance  and 
the  devdopiiK'nt  of  riMuil  (lainaKe'  hriiigs  witli  it  important  functional 
defects.  In  sonu'  (;as(‘s  tlio  |)crio(l  of  known  disciasc  is  relatively  short  • 
in  others  i.lie  symptoms  (kwelop  wliere  liype'rtonsion  has  been  recognised 
to  exist  for  a  long  lime.  'I'lm  (h'grc'e  of  (uirdiac!  enlargcnumt  affords 
some  indication  of  tile  diiratiou  of  tlie  ease.  Along  with  tlie  hyper¬ 
tension,  whidi.  is  usually  very  marked,  there  is  elevation  of  the  blood 
urea  and  this  progia-ssi-s.  Albumin  appiairs  in  th.e  urine  and  may  be 
abundant ;  there  may  be  also  red  eorpuseles.  The  symptoms  of 
hypertensive  (uieeplialopathy  such,  as  heada, du',  vomiting, 'convulsions, 
impairnumt  of  vision,  etc.,  appcair.  Retinal  dnnigi^s,  espiaaally  papill- 
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Fla.  CIO.— Kidnoy  in  malignant  noiihroscloro.sis,  showing  fibrinoid  necrosis 

ot  xntralobular  artery  spreading  iio  afTfa’out  arterioles  and  a  glomerulus. 

oedGiiia  and  IuBinorrhag(\s,  arc  invariably  prcBcnt.  Doatli  occurs  from 
uraemia  or  from  a  (ioinbination  of  (‘.ardiac  and  renal  failure. 

It  will  be  seen  from  this  axjcount  that  the  symptoms  of  malignant 
nephrosclerosis  resemble  those  of  chronic  nephritis  with  renal  in¬ 
sufficiency  and  from  the  clinical  point  of  view  may  l)e  indistinguishable. 
But  the  two  conditions  are  different  in  their  kiology  and  mode  of 
evolution,  and  it  is  merely  a  case  of  the  same  end  result  being  reached 
by  two  difterent  routes*  We  have  held  this  view  from  histological 
examination  and  it  may  be  said  to  be  established  by  the  work  ,  of 
Goldblatt  and  others  on  hypertension,  as  already  described  (p.  298). 

OifAer  Causes  of  Fibrosis,  Other  conditions  than  those  mentioned 
may  lead  to  granularity  or  irregularity  of  the  kidneys.  An  important 
example  is  chronic  pyelonephritis  in  which  varying  degrees  of  shrinkage 
and  granularity  are  met  with  (Pig.  526);  one  or  both  kidneys  may  be 
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afFected.  Hypertension,  commonly  results  and  this  may  be  of  the 
malignant  type  (p.  873).  The  recogiiition  of  unilateral  .renal  disease  as 
a  cause  of  hypertension  is  clinica,iiy  important  but  in  only  a  small  pro¬ 
portion  of  cases  (about  one  in  ten)  is  nephrectomy  successful  in  bringing 
about  a  permanent  reduction  in  the  blood  pressure  (Homer  Smith,  Platt) . 

poiy^rt^xitis  nodosa  the  lesions  of  the  arteries  may  lead  to  multiple 
small  aneur\  sms  or  actual  infarction,  but  others  lack  these  character¬ 
istic  features  and  in  our  experience  cases  of  polyarteritis  have  become 
more  common  in  which  the  kidneys  are  the  seat  of  necrotising  arteriolar 
lesions  accompanied  by  glomerular  infarctions  and  marked  inflam¬ 
matory  ’  changes  of  acris  type.  We  agree  with.  Piatt  and  Bavson  that 
such  cases  may  be  extremely  diffi,cult  to  recognise  both  clinicallv  and 
pathologically.  A  rather 
characteristic  irregular 
atrophy  and  fibrosis  of  the 
kidneys  may  result  from 
healed  polyarteritis,  and  this 
may  be  accompanied  by 
severe  and  persistent  hyper¬ 
tension.  In  diabetes  associ- 
•ated  with  hypertension  the 
kidney  may  show  a  peculiar 
nodular  hyahne  sclerosis  of 
the  glomeruli  first  described 
by  Klmmelstiel  and  Wilson 
and  thought  by  some  to  be 
pathognomonic  of  diabetes 
(Pig.  511).  It  is  associated 
with  marked  arteriosclerotic 
changes  in  the  arterioles 
and  ischsemic  atrophy  of 
glomeruli  with  patchy  fibro¬ 
sis  of  the  kidneys.  Lastly, 
considerable  irregularity  may  be  produced  by  the  healing  of  multiple 
inj^ci&nf  the  ordinary  type  seen  in  cardiac  cases. 

II.  Nephrosclerosis  without  Hypertension. 

The  Senile  Contracted  Kidney,  This  is  a  not  uncommon 
lesion  in  old  people  and  may  be  regarded  as  secondary  to  senile  arterial 
disease.  Increased  arterial  pressure  and  hypertrophy  of  the  left 
ventricle  are  usually  absent,  and  there  may  be  no  noticeable  change 
in  the  urine ;  the  condition  is  thus  sometimes  unsuspected  during 
life.  It  is  really  a  condition  of  minor  importance. 

The  kidneys  are  diminished  in  size  and  may  be  very  small ;  one 
is  often  more  shrunken  than  the  other.  The  capsule  is,  as  a  rule, 
somewhat  thickened  and  adherent,  and  when  stripped,  leaves  a 
surface  which  is  very  irregular.  There  may  be  depressed  areas  of 


Fig.  511. — Glomerular  sclerosis  in  diabetes 
(Kuinmelstiel-Wilsoii  lesion).  The  glomeruli 
show  much  fibrosis  and  many  contain  large 
hyaline  fibrous  masses.  x  lOO. 
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c«iiisi(l('r;i.blo  siKO-  wliich  have  a  finely  granular  or  almost  smooth 
surfa(^e  and  a,  rod  oolour,  whilst  the  elevated  portions  are  paler.  The 
essential  point  is  that  certain  portions  of  the  kidney  are  extremely 
atrophied  and  these  atrophied  parts  are  very  nneveady  distributed 
On  section  of  the  organ,  the  atrophy  is  seen  to  be  very  irregular  ;  in 
the  depressed  areas  the  cortex  may  be  redueed  to  a  mere  fine,  while 
hi  other  parts  it  is  less  affected.  Microscopic  examination  shows  that 
in  the  atrophied  armis  tlierc^  am  groups  of  scku'oscHl  glomeruli  irregularly 
drawn  together  along  with  atrophied  tubules,  but  the  overgrowth  of 
the  connective  tissue  i.s  projtoitiionahdy  less  tlian  in  tlie  forms  previously 
described.  In  other  parts  the  rcaial  tissue  may  be  relatively  unaffected. 
Atheroma  is  «)inmonly  ■j)r('sent  in  the  largcu'  arterial  braiiches,  whilst 
the  smaller  twigs  show  much,  hyaline  thickening  wdiieh  leads  to  diminu¬ 
tion  of  the  lunu'u.  The  changes  in  the  kidneys  are  essentially  the 
result  of  th.oK(>.  in  the  rcauU.  a,rteries  and  their  bramiies,  and  their 
irregular  di.st.ribution  is  dm;  to  the  varying  degree!  in  which  tlui  branches 
are  affected,  ft  is  rcunaiicable  liow  much  cUistruction  of  kidney  sub¬ 
stance  may  occur  in  such  ca.ses  without  distinct  symptoms  resulting, 
and  without  hypertension. 


Etfects  of  NEi’HEms  AKD  01'  Nbphkoscleeosis 

The  conditions  associated  with  nephritis  are  of  great  interest,  and 
constitute  a  very  important  chapter  in  relation  to  clinical  medicine, 
as  practically  every  organ  in  the  body  nuay  be  involved  secondarily 
and  have  its  function  interfered  with.  Many  of  the  chief  facts  have 
already  been  mentioxred  but  a  general  survey  may  be  given. 

Changes  in  the  Urine,  d'hesc!  an!  of  two  kinds,  (a)  As  a  result 
of  the  lesions  in  the  kidneys,  abnoi'inal  substaiuics  and  cellular  elements 
appear  in  the  nrine  ;  and  {(>)  there  is  int(!rfer(!iK!o  with,  the  excretory 
function,  with  r(!teutiou  of  various  suhstaiuies— that  is,  there  is  renal 
insufficiency  in  varying  degree. 

(a)  Albuminuria  or,  more  accurately,  proteinuria,  is  seen  to  be  one 
of  the  important  features  in  certain  forms  of  Bright’s  disease.  In 
acute  glomerulo-nephritis  it  is  associated  with  some  degree  of  oliguria 
and  with  the  presence  in  the  urine  of  casts  along  with  red  blood 
corpuscles  and  leucocytes.  In  the  hydrjBmia  of  subacute  nephritis 
and  in  ‘  lipoid  nephrosis,’  including  the  amyloid  type,  massive  albumin¬ 
uria  is  the  rule  in  association  with  distinct  oliguria,  but  here  the 
absence  or  paucity  of  red  corpuscles  is  in  marked  contrast  to  the 
findings  in  acute  glomerulo-nepimtie.  Chronic  oliguria  is  practically 
always  accompanied  by  albuminuria,  and  the  concentration  of  the 
urine  is  increased.  On  the  other  hand,  in  chronic  nephritis  albumin 
in  the  urine  is  scanty  or  may  bo  practically  absent,  while  polyuria 
with  low  specific  gravity  of  nriuc  is  present,  and  the  same  holds  in 
the  benign  type  of  essential  hypertension  ;  these  are  urines  of  reduced 
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concentration.  ^  In  malignant  iij^ertension,  lioweverj  the  seTere  struc¬ 
tural  changes  hi  the  kidneys  are  attended  by  albuminuria,  escape  of 
red  corpuscles,  etc. 

In  albumuiuria  the  protein  includes  both  serum  alburoin  and 
serum  globulin,  the  proportion  of  which  may  vary  at  different  stages 
of  nephritis.  In  hydrsemic  subacute  glomerulo-nephritis  and  Hpoid 
nephrosis,  however,  the  proportion  of  albumin  in  the  urine  is  greatly 
raised.  This  is  of  importance  in  connection  with  the  oedema  occurring 
hi  these  conditions  as  it  leads  to  a  relatively  greater  fall  in  the  blood 
plasma  of  albumin  than  of  globulin  ;  since  the  albumin  molecule  is 
smaller  than  that  of  globulin,  the  colloid  osmotic  pressure  of  the  blood 
is  lowered  to  a  greater  degree  than  if  the  globulin  were  affected  in 
proportion  to  its  plasma  concentration.  The  source  of  the  protein  is 
essentially  an  escape  through  the  damaged  glomerular  capillaries; 
though  there  may  be  some  escape  through  the  basement  membrane 
of  tubules  whose  epithelium  has  been  lost  or  damaged.  In  view  of 
the  large  volume  of  glomerular  filtrate  formed  daily  (180  litres)  and 
the  relatively  small  volume  of  the  final  urine  (1*5  litres),  the  concen¬ 
tration  of  protein  in  the  urine  in  no  way  represents  that  m  the  glomeru¬ 
lar  filtrate,  in  fact  the  amount  of  protein  in  the  filtrate  in  nephrotic 
conditions  need  only  be  quite  small.  The  hyaline  casts  so  often  seen 
in  the  mine  in  nephritis  are  apparently  formed  ftom  concentration 
of  protein  in  its  passage  down  the  tubules,  and  the  hyaline  droplets 
in  the  cells  of  the  tubules  by  reabsorption  of  the  protein.  It  must 
be  understood,  however,  that  the  presence  of  albuminuria  does  not 
necessarfiy  indicate  that  nephritis  is  present.  Albumin  is  met  with 
in  the  urine  of  a  smaU  proportion  of  healthy  adults,  especially  in  the 
earlier  periods  of  adult  life,  and  has  no  pathological  significance  ;  in 
most  of  these  albuminuria  is  absent  when  recumbent  but  appears  on 
rising  (orthostatic  albuminuria).  Albuminuria  is  sometimes  produced 
by  severe  ph3Tsical  exertion  and  thereafter  passes  off,  and  it  is,  of  course, 
common  in  febrile  states,  and  in  cardiac  failure. 

Bed  corpuscles  are  to  be  found  on  microscopic  examination  in  the 
acute  stages  of  nephritis,  and  the  amount  of  blood  is  often  sufficient 
to  give  the  urine  a  smoky  appearance  or  even  a  reddish  colour.  In 
some  cases,  known  as  haemorrhagic  nephritis,  the  escape  of  blood  is 
very  great,  and  the  urine  comes  to  have  a  dark  red  colour.  Severe 
haemorrhage  sometimes  occurs  in  nephritis  when  some  infective 
condition  becomes  superadded,  and  it  is  not  uncommon  in  the  embolic 
nephritis  of  subacute  bacterial  endocarditis  (p.  824).  Haematuria 
ma^j  occur  also  in  malignant  nephrosclerosis  owing  to  acute  glomerular 
damage.  The  source  of  the  blood  is  chiefly  glomerular  though  there 
may  be  some  escape  from  damaged  tubules.  It  may  be  noted  that  in 
patients  recovering  from  acute  nephritis  a  few  red  corpuscles  may 
persist  in  the  urine  for  a  remarkable  period ;  in  fact  we  have  often 
found  a  few  when  albumin  had  practically  disappeared.  On  the  other 
hand,  in  '  lipoid  nephrosis  ’  the  absence  of  blood  in  the  urine  is  one 
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ol  the  eliaraieteri.stiic  [('.Uiiires.  Leucocytes  also  occur  in  tlie  urine  in 
varying  numbers,  ('specially  in  the  acute  stages  of  glomerulb- 
nephritis. 

In  view  of  the  description  given  above,  the  presence  of  different 
kinds  of  casts  in  the  urine  can  be  readily  understood.  These  are 
formed  of  abnormal  substances  within  the  tubules,  down  which  they 
are  then  passed.  They  may  be  hyaline,  that  is,  transparent  and 
.struotuiylcss,  and  apparc'ntly  the  result  of  concentration  of  protein 
in  the  filtrate  as  it  passes  down  the  tubules  ;  granular,  composed  of 
the  granular  remains  of  cells  ;  epithelial,  and  fatty,  both  ordinary 
neutral  fat  and  doubly  refracting  fat  being  met  with.  The  first  three 
usually  pTepoiuUu-atc  in  the  early  stages,  the  last  when  the  con¬ 
dition  bcconues  less  acutes ;  mixecl  forms  also  are  mot  with.  Blood 
casts,  composed  of  rc'd  corpusedes,  occur  when  there  is  haemorrhage 
into  tiu'  tiilnilcs.  lii  (,lu(  chronic  lesions  colloid  ca.sts  are  (jften  present 
along  with  otiu'r.s.  The  c.olloid  casts  arc  of  homogciusuis  appearance, 
larger  and  nior((  higlily  refracting  than  the  hyaline  fin-ins,  and  apirear 
to  be  composed  cliii-lly  of  derivatives  from  tire  damaged  epithelium. 
Tliey  may  be  s(-cii  in  large  numbers  in  sections  of  kidneys  at  this  stage  ; 
they  abound  also  in  amyloid  kidneys  but  do  not  give  the  characteriSiic 
staining  reactions  of  amyloid. 

(b)  With  regard  to  interference  with  excretory  function,  this  affects 
all  the  constituents  of  the  urine,  but  it  is  convenient  to  consider  it 
in  relation  to  urea  excretion  and  to  excretion  of  water  and  salt.  This 
corresponds  with  the  two  main  types  of  subacute  nephritis  described 

above. 

.Hetf'iiitioii  of  urea  is  ot  priiiu'  iiuporiaiuic.  daily  excretion  in 

the  uriuo  is  (limiJiishe<l  iu  various  (ioaditions,  sonudimes  as  a  result 
of  reduction  i!i  urinary  volume,  somc^times  prineipailly  owing  to  reduc5ed 
urinaxy  C()iux'ntrati()n  ;  both  .factors  .luivc  to  hi\  c(.)nsidcrcd.  Along 
witli  tins  the  blood  urea  is  incrc'HiScvl  and  this  rise  is  more  important 
than  the  urinary  (H)uc(uitration  as  an  indication  of  the  functional  state 
of  the  kidneys.  Arising  blood  mv<i  .Im^xlies  that  the  daily  production 
of  urea  exccjcds  the  total  oid/put,  and  the  blood  urea  will  continue  to 
rise  xintil  the  increased  cioncentration.  of  urea  in  the  glomerular  filtrate 
results  in  urea  output  balaneing  with.  ui‘ea  produetion.  A  raised  blood 
urea  has  tlius  a  compensating  eftect  enabling  a  larger  amount  to  bo 
discharged  in  a  smaller  volume  of  filtrate,  though  it  is,  of  course, 
evidence  of  a  functional  deficiency.  Normally  the  blood  xirea  is  about 
25-30  mg.  per  100  ,ml.,  but  in  chronic  nephritis  it  may  rise  to  200  mg, 
and  sometimes  much  higher.  The  conditions  to  be  considered  in  which 
there  is  urea  retention  axe  chiefly  (1)  aente  nephritis,  in  which  it  is  of,, 
moderate  degree  but  variable,  (2)  the  azotaemic  type  of  subacute 
nephritis  and  chronic  nephritis,  reaching  a  high  level  iix  the  latter, 
and  (3)  malignant  hypertension.  There  are,  however,  some  others  in 
which  the  kidneys  are  not  primarily  at  fault,  e.g.  after  gastro-duodenal 
haemorrhage,  severe  vomiting  and  diarrhoea,  intestinal  ohstruction. 
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and  in  heat  exhaustion  from  salt  depletion  (p.  849)  and  the  nitrogen 
retention  seen  in  these  states  is  lmo\^Ti  as  extrarenal  azoteeniia. 

Retention  of  water  is  accoiiipamed  by  salt  retention,  in  order  to 
preserve  osmotic  balance  between  the  intravascular  and  interstitial 
fluids.  Here  the  chief  conditions  are  acute  nephritis,  in  which  we  see 
a  moderate  and  variable  degree  of  fluid  retention,  and  the  hjdrsemic 
t}^e  of  subacute  nephritis  where  it  is  of  marked  degree  and  is  associated 
mth  massive  albuminuria  and  oedema.  There  is  also  to  be  considered 
an  increased  output  of  water  and  salt,  i.e.  pohuiria.  This  occurs 
notably  in  chrordc  nephritis,  and  in  the  benign  type  of  hypertension. 
The  basis  of  these  disturbances  may  now  be  considered. 

The  Basis  of  Renal  Insufficiency.  The  functions  of  the  kidneys 
are  of  two  chief  kinds.  Firstly  there  is  the  excretory  function  directed 
towards  keeping  the  chemical  constitution  of  the  blood  normal,  and 
secondly  the  maintenance  of  the  blood  volume.  In  both  of  these 
the  kidneys  play  a  dominant  role.  The  structural  unit  is  the  nephron, 
a  glomerulus  with  its  related  tubule,  and  the  work  of  the  kidney 
may  be  said  to  be  done  by  an  assemblage  of  nephrons.  The  kidneys 
possess  the  remarkably  large  circulation  of  about  1,500  litres  of  blood 
per  day  (approximately  850  htres  of  plasma  and  650  Htres  of  red 
cells)  from  which  there  is  filtered  off  in  the  glomeruli  about  one-fifth 
of  the  volume  of  fluid  which  is  essentially  a  protein-free  plasma. 
85-90  per  cent,  of  the  water  and  some  of  the  solutes  are  reabsorbed 
in  the  proximal  tubules  and  further  absorption  occurs  in  the  distal 
convoluted  tubules  where  it  is  specifically  controlled  by  the  action  of 
the  antidiuretic  hormone  of  the  neurohypophysis.  The  final  product 
is  normally  a  markedly  hypertonic  urine  of  1*5  htres  containing  about 
2  per  cent,  of  urea,  and  it  is  concluded  that  the  attainment  of  this 
hypertonic  state  depends  essentially  on  the  integrity  of  the  distal 
tubules.  The  importance  of  these  figures  -lies  in  the  impheation  that 
even  severe  ohguria,  e.g.  500  ml.  urinary  output  per  day,  does  not 
indicate  a  two -thirds  reduction  in  renal  function  but  may  rejaresent 
merely  a  functional  error  in  reabsorption  of  less  than  one  per  cent. 
The  degree  to  which  different  substances  are  reabsorbed  varies  greatly, 
but  one  important  fact  is  that  at  normal  blood  levels  the  renal  tubular 
epithelium  is  practically  impervious  to  urea,  which  accordingly  is 
gradually  concentrated  by  the  absorption  of  water  during  the  passage 
of  the  filtrate  down  the  tubules. 

Recent  work  by  Homer  Smith  and  his  associates  on  the  excretory 
functions  of  the  human  kidney  has  shown  that  the  assumption  of 
intermittent  action  of  nephrons,  as  in  the  frog’s  kidney,  is  no  longer 
tenable.  In  man  the  variation  in  functional  activity  between  one 
nephron  and  another  is  rarely  more  than  150  per  cent,  or  less  than 
60  per  cent,  of  the  mean.  With,  an  extensive  affection  of  the  tufts 
the  total  glomerular  filtrate  may  well  be  reduced,  but  clearly  it  would 
be  incorrect  to  draw  conclusions  about  the  volume  of  the  renal  circula¬ 
tion  merely  from  observations  on  the  urinary  output. 
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Ill  connection  with  the  histological  changes  in  disease,  two  points 
are  of  importance.  One  is  that  the  functional  activity  of  a  tubule 
depends  on  its  receiving  filtrate  from  its  glomerulus,  and  if  the 
glomerulus  is  permanently  put  out  of  action  the  tubule  undergoes 
atrophy,  l^ubular  atrophy  is  frequently  produced  in  this  way.  The 
other  point  is  that  practically  all  the  blood  passing  through  the  inter- 
tubular  plexus  has  previously  passed  through  the  glomeruli.  Lesions 
in  the  latter  may  thus  interfere  with  the  blood  supply  to  the  tubules 
and  affect  their  nutrition,  Tubula-r  (“hange  may  thus  be  secondary 
to  loss  of  glomeruhir  cireulation,  but^  as  tlu^  blood  from  various  glomeruli 
mixes  in  tlu^  intertubuhir  i)lt‘xus,  it  is  lik(dy  that  the  atrophy  of*  tubules 
is  due  to  loss  of  function  in  iiu^  at>s(Mu*.(^  of  filtrate  rather  than  to  loss 
of  blood  supply. 

We  have  already  laderrcnl  to  two  tyf)(‘s  of  glomerulo-nephritis,  the 
azota^.niLc,  attended  by  inc.r(^ased  conccvntration  of  urea  in  the  blood 
and  raised  blood  prc^ssurc^  and  tlu^  liydraanic,  in  which  oliguria  and 
(ndcnia  are  the  outstanding  filatures.  We  sluill  now  consider  some 
aspects  of  these  fiuutional  dlsturbanees. 

Urea  rctontiou  may  r(\sult  in  two  chief  w'ays.  In  the  first  place 
it  may  rnsult  from  a,  defieient  total  glomerular  filtrate. or,  in  the  second 
place,  it  may  be  du(^  to  sonu^  disturbance  in  tlu^.  process  of  concen¬ 
tration  of  urea  by  ix^absorption  diuing  tlu^,  of  the  filtrate 

down  the  tubules,  in  oj*d(u:  tJiat  the  blood  urea  be  kept  at  a  normal 
level  it  is  essential  that  a  e(U‘ta.in  amount  be  et)iitmiiously  removed 
and  this,  of  course,  can  b<^  (^ffecbul  only  by  sufficaenc'y  of  glomerular 
filtrate.  This  in  its  turn  implies  sufficient  cireulation  of  blood 
through  the  glonuiudi.  I ntcuierciuu^  with,  blood  flow  through,  some 
glomeruli  maybe  (‘.ompensated  .fbr  by  ine-rciused  activity  of  others,  Imt 
in  tlu^  absciu^e  of  intennittciit  acd-ion.  of  neophrons  this  compensatory 
mcudianism  is  of  limited  (*.a})acity,  and  further*,  in,  some  conditions 
])ra(‘.tically  all  the  glom(a.‘uli  may  bc^  affeeted.  'Ilus  is  evidently  the 
(ias(^-  in  acuitc  diffuse  glom(a,’ulo-nc'phritis,  wlierc^  the  extensive  intra- 
capillary  proliferation  would  sciun  to  imply  serious  interference  with 
blood  flow  and  filtration.  The  lustologicud  eiiangcs  in  some  subacute 
(uisc^s  would  point  to  tlu^,  sajuc^  result.  To  what  extent  deficiency  of 
total  filtr^ate  oecnjrs,  it  is  not  possible  to  say  ;  ]),r()bal)ly  to  a  less  extent 
than  appears,  fbr  in  aeutc^  nephritis  the  urine  is  not  only  in  reduced 
v(,)lumc  but  may  bc'.  highly  cionecmtt'ated  at  first,  axid  this  implies  a 
considerable  initial  volume  of  filtrate.  Eurtheu.*,  if  diniinished  blood 
flow  were  chiefly  responsible,  the  txibules,  whicli  rcxjcive  their  blood 
from  the  gl()m(u.uli,  would  show  more  cvick^ncc  of  damage  than 
they  may  do  in  acutes  glomerulo-ncqdiritis. 

There  is  clear  ovkkucjc  that  diminished  urinary  concentration  of 
urea  may  be  due  to  tubular  damage.  In  th.e  normal  state,  as  the 
result  of  absorjation  of  water  by  the  tubules,  the  concentration  of  urea 
indhe  filtrate  increases  in  its  passage  downwards  until  its  concentration 
in  the  urine  is  reached.  This  implies  work  done  by  the  epithelium 
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against  the  physical  force  of  diffusion.  Thns,  if  the  concentration  of 
urea  be  added  to  by  the  oral  administration  of  urea,  the  absorption 
of  water  by  the  tubules  is  interfered  with,  and  the  urea  acts  as  an 
osmotic  diuretic.  Accordingly,  when  the  cells  of  the  tubules  are  lost 
by  catarrh  or  necrosis,  the  power  of  retaining  urea  in  the  tubules  is 
impaired  and  urea  passes  back  into  the  blood.  In  fact  if  there  were 
no  epithelial  barrier  all  the  urea  would  pass  back  into  the  capillary 
blood.  This  was  the  view  adopted  and  expounded  by  Shaw  Dunn 
and  supported  by  much  work  done  by  him  and  his  co-workers  in  various 
papers  on  experimental  nephritis.  In  experimental  tubular  nephritis 
produced  by  chemical  agents,  corrosive  sublimate,  uranium  nitrate, 
etc.,  in  which  there  is  no  significant  glomerular  lesion,  the  retention 
of  salt  and  water  may  be  attributed  to  the  failure  of  the  normal  selecting 
and  conducting  function  of  the  tubules  owing  to  the  damage  of  their 
cells  ;  these  substances  accordingly  pass  back  into  the  blood  together 
with  urea  and  ah  the  other  urinary  constituents,  which  are  therefore 
reabsorbed  and  so  retained.  The  same  probably  obtains  in  human 
diseases  where  there  is  severe  tubular  damage  with  oliguria  and  some¬ 
times  anuria,  e.g.  yehow  fever,  lower  nephron  nephrosis,  etc.  In 
subacute  azotamic  and  chronie  nephritis  there  is  also  diminution  in 
the  total  number  of  functioning  nephrons.  Of  course,  a  combination 
of  insufficienc}^  of  glomerular  filtrate  and  tubular  defect  leading  to 
back-diffusion  will  be  speciahy  effective  in  leading  to  urea  retention. 

In  the  hydrsemic  type  of  subacute  glomerulo -nephritis  and  lipoid 
nephrosis  there  is  the  important  association  of  oliguria  with  satis¬ 
factory  excretion  of  urea,  and  this  obtains  also  in  amjdoid  nephrosis 
and  some  cases  of  nephritis  of  pregnancy.  This  is  a  difficult  problem. 
The  absence  of  a  rise  in  the  blood  urea  indicates  that  the  patient  is 
excreting  successfully  as  much  urea  as  is  formed  daily ;  and  since 
this  is  achieved  in  spite  of  reduction  in  the  final  urmary  volume,  it 
indicates  that  the  original  volume  of  glomerular  filtrate  is  about  normal 
and  that  the  oliguria  is  attributable  to  excessive  tubular  reabsorption, 
a  supposition  supx3orted  by  the  high  concentration  of  urea,  etc.,  m  the 
urine  in  such  cases.  It  seems  to  us  that  abnormally  increased  reabsorp¬ 
tion  of  water  is  necessary  for  an  explanation  of  the  oliguria  which  occurs 
in  the  absence  of  urea  retention,  but  the  way  in  which  this  is  brought 
about  is  uncertain.  It  is  important,  however,  to  appreciate  how  small 
a  functional  error  is  involved ;  with  a  glomerular  filtrate  of  about 
180  litres  per  day  normally  all  but  1*5  litres  is  reabsorbed ;  an  error 
of  reabsorption  of  only  0*5  litre  per  day,  i.e.  of  about  0*28  per  cent., 
will  reduce  the  urmary  volume  by  one-third,  i.e.  to  1  litre  per  day, 
and  thus  lead  to  marked  fluid  retention.  In  hydrjemic  subacute 
nephritis  the  reduction  in  urinary  volume  averaged  over  a  period  may 
be  much  less  than  tins,  and  the  functional  error  required  to  jiroduce 
such  a  degree  of  oliguria  is  corresj^ondiugly  smaller. 

la  additioa  to  estimatioa  of  blood  urea,  other  tests  have  been  introduced 
ill  the  clinical  study  of  renal  efficiency.  One  of  these  is  the  urea  concentration 
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h‘st,  in  vvliicli  a  (‘('liaiii  ajiiomii.,  usually  15  j^-rn.  ot'  unvi  in  solution,  is  ^nvon 
hy  llu'  luouili,  Jind  tlu'u,  a,t  a,  (Ha;la,iu  iHU'iod  ul'torvva.rds  tho  jX'mMit.a.go  of  urea 
iti,  tlu'  uriiu'  is  ('sl.iinafed  ;  from  Miis  a,u,  indi<*a,tioii  is  ob(ta,in(al  a.s  io  the  fimctional 
a,(*llvily  ol‘  ilio  kidneys.  Tlu^  unai  ekvira.neo  is  ra.tlior  more  (M)tnj)liea,U;d  but 
oiv(‘S  luoi^^  (li'linito  infonnafion.  A  sldl  more  j)roeise  invosti^-a,(;io.n  olY4^^nienilar 
(illrafion.  and  tubuhir  CiuKdloii  (am  Ix^  nui(l(^  by  a,  si.udy  of  th(>  nik^  of  ('xcretion 
of  iuuliu  aixl  oC  diodrast  r(\sj)oe[.i v(dy.  "Plioso  rru'tliods  a, re  too  cornpU'x  for 
routiuo  elini(*al  use,  h,o\vev(‘r.  In  oilu^r  nx'ihods  tlu^  nnuvl  ('Hieieuey  is  assessed 
l)y  invest iga.tiii};'  (lie  power  of  (  lie  kidiuws  l.o  <^xer{'(.('  eialuln  dyc^s,  iilaaiol-sulplione- 
pldlialein  or  incligoa’armine  lieing  ollon  u.S(mI  tor  lla^  purposi^  of  eomparing  tlu^ 
riiri(*ti()iial.  aet-ivity  of  t\m  two  kidneys  wlien  unila.i.(U'al  disea, sc^  is  suspiadaHk 

In  ne])lri,-iivis  or  in  coiulitions  whi(*,h  load  to  i)rog:i‘(\ssivc  diminution 
ol  nmal  Linotion  acidosi,^  ultnnatoly  (U^vcdops.  This  is  duo  to  inability 
oftho  damagod  kidnoy  to  eous(a:vo  sodium  by  tlu^  ooavorsion  of  basic 
to  aoid  "idiospliatc  in  sunioLmt  amount  jind  also  to  loss  of  the  capacity 
to  synthesise  ammonia;  consoquontly  tliero  is  a  loss  of  fixed  base, 
i.o.  sodium  ions,  in  ilu^  nrim^  when'.  th.(\y  an^  ro(|uirod  to  ‘  cover  ’  the 
acidic  ions  oxcroi.od  a.  function  noianally  pcrfbnnod  by  the  ammonium 
radi(*,le.  'riu^  liydrogum  ion  (iono,ontration  of  the  blood  is  not  greatly 
altered  as  this  (l(q)ends  on  th(^  ratio  of  carbon  dioxide  to  sodium 
bi(^arbonat(^  and  when  ib(‘.  latter  is  diminished  the  former  is  got  rid 
of  by  incrc'ascd  ix'spiration.  This  (H)m])(nsatory  nuHilianism  is  not, 
however,  (;ompl(d(‘ly  (dliekuit  and  some  hill  in  the  pH  of  the  blood 
0(*,(!urs.  This  is  ])rol)ably  ihe  explanation  of  the  dyspmea  which  is 
a  "prominent  featine  in  s(Tm(^  (*ases  of  uramna,  and  also  of  the  Cheyne- 
St()k(\s  n^spiration  wlnhti  sonudlnu^s  develops,  tlie  latter  being  due  to 
the  excessive  vcMitilation  of  tlu^  lungs  brouglit  about  by  excess  of 
(‘-arbon,  dioxide.  In  tlu^  a(*-idosis  ol  nephritis  there  is  usually  no 
aiuanuulation  o,l  ac^etone  bodi(\s,  i.cu  no  ketosis  ;  and  no  increase  of 
ammonia  nitrogen  in,  the  urine,  sueh,  as  (xuairs  in  the  acidosis  of  diabetes. 
In  some  (uiscs  of  uramiia  a  slight  imaeasc^.  of  liydrogen  ion  concentra¬ 
tion  in  tlie  blood  has  been  found,  but  to  what  extent  this  plays  a  part 
in  th(^  production  ol‘  T’(\spir‘at.()ry  and  other  symptoms  cannot  as  yet 
])e  stated. 

Uraemia.  This  term  has  been  for  long  applied  to  a.  group  of 
symptoms  in  Bright’s  disease,  chiefly  related  to  the  nervous  system 
and  believed  to  be  due  in  some  way  to  the  retention  of  metabolic 
products.  It  is  now  known,'  however,  tliat  most  of  the  symptoms 
are  related  to  the  hypertensive  state  and  may  occur  without  any 
retention  of  urea,  etc.  The  term  hypertensive  encephalopathy  or 
pseudo-nriemia  (Volhard)  has  accordingly  been  applied.  In  this  con¬ 
dition  the  symptoms  are  headache,  vomiting,  disturbance  of  vision, 
localised  or  general  convulsions  passing  into  coma  and  death.  These 
symptoms  are  accompanied  by  high  blood  pressure  and  retinal  changes, 
haemorrhages  and  papillcBdema.  Hypertensivii  encephalopathy  may 
be  met  with  in 'the  earlier  years  of  life  before  structural  arterial  changes 
have  occurred  and,  is  then  often  associated  with  oedema  of  the  brain 
and,  a  heightened  cerebrospinal  fluid  pressure;  recovery  may  take 
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place.  It  may  also  occur  later  when  there  is  liyperteiisive  arterial 
disease.  In  all  cases  the  cause  is  believed  to  be  cerebral  anaemia  due 
mainly  to  contraction  of  arterioles,  or  angiospasm.  Puerperal  ec¬ 
lampsia  is  regarded  as  a  variety  of  this  condition.  In  true  uraemia, 
on  the  other  hand,  produced  by  the  toxic  action  of  retained  products 
and  acidosis,  the  symptoms  form  a  different  syndrome.  The  main 
features  are  vomiting  and  anorexia,  mental  dullness,  muscular  twitch- 
ings,  but  no  convulsions  or  focal  cerebral  symptoms  ;  coma  often 
supervenes  but  may  be  long  delayed.  Muscular  iiritability  may  be 
due  to  a  fall  in  the  blood  calcium  consequent  upon  retention  of  phos¬ 
phate  ;  similar  changes  occur  in  the  cerebro-spinal  fluid  at  an  early 
stage.  It  is  evident,  of  course,  that  in  chronic  nephritis  or  in  malignant 
nephrosclerosis  the  symptoms  may  be  a  combination  of  the  hj’per- 
tensive  and  the  true  uraemic  type. 

Gardio -vascular  Changes.  Here  there  are  two  classes  of  case 
to  be  considered,  viz.  {a)  that  in  which  the  kidney  lesion  is  primary 
and  leads  to  cardio-vascular  changes,  and  (6)  that  in  which  the  kidney 
is  involved  as  part  of  a  general  arterio-sclerosis. 

{a)  At  an  early  period  in  acute  nephritis,  the  blood  pressure  may 
be  rapidly  raised,  sometimes  to  an  excessive  degree,  and  death  occurs 
from  acute  left  ventricular  failure,  with  consequent  acute  pulmonary 
oedema.  Hypertension  may  persist  if  the  kidney  lesion  progresses. 
The  continued  liigh  pressure  brings  about  the  hj^ertrophic  changes 
in  the  artery  walls  already  described  (p.  295),  and  fibrous  change  m 
the  h}q)ertrophied  coats  may  foUow.  There  occurs  also  hypertrophy 
of  the  left  ventricle,  though  this  rarely  reaches  the  degree  met  with 
in  primary  arteriosclerosis.  If  the  heart  begins  to  fail,  the  patient 
may  suffer  from  paroxysmal  nocturnal  dyspnoea — cardio-renal  asthma 
(p.  369).  These  cardio-vascular  changes  are  seen  in  subacute  nephritis 
of  the  azotsemic  type  and  in  the  late  contracted  stage,  and  their 
occurrence  appears  to  be  specially  related  to  obstruction  to  blood 
flow  through  the  glomeruh.  In  subacute  glomerulo-nephritis  of  the 
hydrsemic  type,  the  blood  pressure  is  as  a  rule  practically  normal  for 
a  considerable  time  ;  later,  however,  as*  glomerular  sclerosis  advances, 
the  blood  pressure  rises  and  oliguria  is  replaced  by  polyuiria.  The 
oedema  then  disappears  permanently.  Ultimately  renal  failure  may 
ensue. 

The  cause  of  the  high  blood  pressure  which  may  start  in  nephritis 
at  an  early  stage  remains  to  be  considered.  In  view  of  aH  the  facts 
with  regard  to  the  conditions  of  occurrence  of  hypertension  and  the 
associated  structural  changes  in  the  kidneys,  it  appears  justifiable  to 
regard  it  as  of  compensatory  nature  and  brought  into  play  in  order 
to  maintain  an  efficient  circulation  against  obstruction  in  the  glomeruli. 
This  is  supported  by  recent  experimental  work  already  discussed.  It 
has  been  shown  that  mechanical  constriction  of  the  renal  arteries  by 
means  of  a  clamp  leads  to  effects  according  to  the  degree  of  con¬ 
striction.  Moderate  constriction  leads  to  continued  hypertension 
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iina(3Coivrpaiiied  by  it’ incut  of  renal  fiinction.  If,  however,  it  is 
siwerc  sueli  iinpairiuenf  billows,  alon^  witli  ^I’oss  struetural  changes 
in  tlic  kidneys,  aaid  tJier(‘  is  aocanmilation  of  urea  in.  the  blood,  endin<^ 
ultinnitciy  in  uravrnia,  (Goldl)hvtt  and  otlicrs).  It  seenis  ])robable  that 
the  hypert(‘iisi()ti  is  brongbi,  a, bout  by  (he  ftrodindbrn  of  hypertensin 
through  th(^  iii(ora,ction  of  rcaiin  aJisorbcnl  from,  ischanuic  renal  sub¬ 
stance  and  oc.>-glol)nlin  of  ih(‘  pbisma,  (bypertensinogen)  (see  p.  298). 

The  r(\sults  (.)f  destrnO-ion  ol*  the  kidney  sul)stant‘o  by  disease  vary! 

.  In  cases  of  hydrotu^tbrosis  or  rimal  calcidi  with  atrophy  and  fibrosis 
of  the  kidney  substaiuui,  and  in  (ihronic^  jiyelonephritis,  high  blood 
pressure  and  (^ardiao,  hyitei’tiophy  oftc^n  result.  A  certain  amount  of 
hypertrophy  nuiy  b(^  met  with  also  in,  (aingonital  cystic  kidneys.  On 
the  other  hand,  where  tlun’i^  is  loss  of  kidney  substance  from  chronic 
suppuration,  tidiercadosis,  or  a-myloid  disease,  cardiac  hypertrophv 
is  absent. 

(/;)  In  (uises  where  Lie  kidneys  are  involved  as  part  of  a  general 
arteriosclerosis,  the  eu,use  of  thc‘-  essential  liypertension  has  already 
been  discussed  (f).  29S).  VV(^  may  revpeat,  liowcver,  that  the  etiology 
is  still  uncun’tahi  U/iid  tluit  ili  is  not  justiliahle  to  rc'igard  the  hypertension 
a,s  of  nmal  origin,  a,s  it  may  ciu’tainly  occur  with  a  ■minimum  of  renal 
extimsive  a^rterial  (hanges  in  the  kidney,  however,  will 
in  their  turn  int(a.-iere  with  tlie  c-ir(;nlation  and  intensify  the  hyper¬ 
tension,  a  vicious  cirede^  Ixa'ng  thus  established. 

(Edema  in  Renal  Disease.  (Edcurni  niay  appear  in  all  stages 
of  ncjihritis  but  the  conditions  ol  its  oiuairrenco  are  widely  different. 
Ill  acute  diffuse  gIom(‘rulo-n(‘.j>hri,iIs,  <edeimi  may  eonie  o,u  early  but 
is  usually  slight ;  it  apjxairs  first  and  is  most  marked  in  the  loose 
tissues  wiieni  tissue  j)rc^.ssur(‘.  is  low/-,  (‘spcadally  around  the  eyes,  which 
become  swollen  and  puffy.  Swidling  of  the  face  after  rest  in  the 
recumbent  position  is  sometim(‘s  the  first  symptom  to  attract  the 
patient  s  attention,  but  a;tt(u.'  sitting  uj)  during  the  day  tliis  may  become 
less  jirononnced  while  swcdling  of  tJie  tissue's  below  the  level  of  the 
heart  increa-ses,  tluit  is  to  say,  renal  (.x.Hhnna  is  not  wholly  uninfluenced 
by  gravity.  There  is  at  tliis  stage  a  slight  general  oedema  of  the 
conueetivc  tissues  and  also  a  nuld  degree  of  liydneinia  and  the  weight 
of  tlie  patient  is  iiuireased.  in  erases  dying  in  the  early  acute  stage 
severe  })uhuonary  xxxhmia  is  (ionimonly  prnsxmt,  as  a  consequence  of 
left  ventricular  failure  in  tlu^  presencjc  of  hydramiic  plethora  and  of 
hypertension  to  which  tlu^  lieart  has  not  had  time  to  become  adapted. 

In  acute  nephritis  tlu^  (edema  fluid  is  often  described  as  rich  in 
protein  but,  as  Shaw  Dunn  emphasised,  tliis  is  only  relative  to  the 
extremely  low  protein  content  of  the  transudate  in  chronic  renal 
oedema  (0‘01“-0‘04  per  cent.).  Further,  since  the  fluid  is  not  abundant, 
it  is  difficult  to  collect  it  for  analysis  free  from  contamination  by 
serum.  By  very  careful  methods  Stead  and  his  co-workers  have 
shown  that  the  {edema  fluid  of  acute  nephritis  usually  contains  less 
than  0-5  per  cent,  of  protein,  i.e.  approximately  the  same  amount  as 
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the  fluid  of  cardiac  cedema.  In  the  subacute  azotsemic  stage  of 
glomerulo-nephritis,  cedema  is  again  slight  and  may  be  ahsentj  but 
it  may  reappear  terminally  as  oliguria  becomes  more  pronounced. 

In  subacute  glomerulo-nephritis  of  hydrsemic  t\y>e,  oedema  of  severe 
degree  and  persistent  character  is  the  outstanding  feature  of  the  disease, 
but  remissions  occur  and  the  oedema  may  fluctuate  very  markedly. 
This  is  what  is  generally  meant  by  chronic  renal  oedema,  and  at  times 
it  may  be  extremely  severe,  causing  generalised  anasarca,  ascites, 
hydrothorax,  etc.,  the  weight  of  the  patient  being  increased  by  lo- 
20  Kg.  owing  to  the  excessive  accumulation  of  fluid.  In  chronic  renal 
cedema  the  fluid  is  of  low  specific  gravity,  being  less  than  1-005,  and 
is  little  more  than  a  filtrate  of  plasma  consisting  of  water  and  solutes, 
salt  accumulating  in  greater  concentration  than  in  the  plasma  so  that 
isotonicity  is  preserved  against  the  colloid  osmotic  pressure  of  the 
plasma  proteins.  Associated  with  this  there  is  usually  marked  pallor 
owing  to  the  ansemia  present — and  the  appearance  of  the  patient  then 
becomes  characteristic.  The  ansemia  is  of  microcytic  type  and  along 
with  the  changes  in  the  corpuscular  elements  there  is  a  fall  in  the 
plasma  proteins  to  which  we  shall  refer  more  fuUy  later.  In  such 
cases  cedema  is  present  also  in  the  brain  and  other  internal  organs. 

In  the  late  stages  of  glomerulo-nephritis,  when  there  is  some  degree 
of  granular  contraction  and  marked  elevation  of  blood  pressure,  there 
is  also  pol^uiria,  and  any  oedema  present  at  an  earher  stage  of  nephritis 
disappears.  Apart  from  the  temjDorary '  circumstance  of  polyuria 
during  the  diuresis  by  which  cedema  fluid  is  excreted,  oedema  and 
polyuria  are  mutually  exclusive.  In  the  terminal  stages  of  chronic 
nephritis  and  of  all  contracted  kidneys  with  hypertension,  the  main¬ 
tenance  of  renal  function  depends  on  perfusion  of  the  surviving 
nephrons  at  high  pressure  and  rate  of  flow,  and  this  can  be  sustained 
only  so  long  as  the  cardiac  output  is  not  impaired.  When,  in  con¬ 
sequence  of  the  persistent  hjqjertension,  the  heart  begins  to  fall,  renal 
output  diminishes  and  the  polyuria  gives  way  to  oliguria,  with  rapid 
development  of  cedema,  which  is  therefore  essentially  of  cardiac  type. 
Insufficient  excretion  of  metabolites  soon  leads  to  further  accumulation 
of  waste  products  and  uraemia  with  acidosis  supervenes.  Cardiac 
failure  may  thus  precipitate  renal  failure.  ISTephrosclerosis  is  not 
per  se  associated  with  oedema  of  renal  t:^l)e. 

It  is  convenient  at  this  point  to  examine  further  the  mode  of 
production  of  pol3niria  in  the  presence  of  a  reduced  amount  of  renal 
tissue,  but  the  apparent  paradox  of  diminished  renal  tissue  with  increased 
output  of  urine  (^appears  if  the  kidneys  are  regarded  as  organs  for 
the  conservation  of  water  and  not  merely  for  its  excretion.  In  chronic 
nephritis  and  granular  contracted  kidney  however  produced,  many 
nephrons  have  been  destroyed  and  the  surviving  functionally  active 
glomeruli  and  tubules  are  h3rpertrophied-  While  in  all  probability  the 
amount  of  filtrate  formed  per  glomerulus  is  increased,  the  reduction 
in  effective  working  is  such  that  the  total  glomerular  filtrate  is 
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reduced,  and  there  is  in  consequence  insnfficnent  excretion  of  urea. 
Tlu^  blood,  urea  t}u‘r(d;()re  ris(^s  j)roo’ressi\^ely  until  the  increased  urea 
(M>n(*-entration  achieved  in  th.e  filtrate  rais(‘s  urea  output  to  a  level  at 
wliieL.  it  l)aian(H\s  urea,  prodiudvion  in  spite  of  the  reduced  volume  of 
(iltra,t(\  Ea.ch.  liypei'trophuMl  renal  tubule  presents  an  increased 
v()hmu‘  hut  the  surfa,(^e  arc^a  is  not  proportionately  enlarged  and  the 
total  capacity  for  tubular  reabsorption  is  therefore  reduced  both  on 
tills  account  and  by  reason  of  the  increased  rate  of  flow  along  the 
i,ubul(\s.  Further,  a  |)roportion  of  the  blood  passing  through  active 
glouKU'uU  is  conducted  through  fibrosed  and  non-functioning  but  often 
highly  vascular  areas  of  the  cortex  so  that  it  is  not  available  to  par- 
tieipatic  in  the  taking  up  of  water  from  the  tubules.  Ithese  factors 
c()nibine  to  pr()duce  an  increased  volunu^  of  urin(\  for  which  ineflicient 
tuludar  reabsorption  is  largely  r('S})onsibl(>  as  is  (‘.learly  shown  by  the 
low  (5oncentration  of  all)uniin,  m'(^a,,  salt,  :  it  is  in  fact  a  dilute 
urine.  As  destructive  cliangos  advuiiu'.c^  and  niori^  glomeruli  are  put 
out  of  action,  tlie  blood  urea  tcmds  to  lise  fU'ogrc'ssivcdy  and  may 
reach  a  very  high  level,  e.g.  400  mg.  pei‘  100  ml.  or  more.  Iflie  urine 
conu's  to  liavo  a  lixc'd  specific*  gravity  of  about  LOIO  and  may  ultimately 
amount  to  a  pra,ctiea,lly  uneoiuauitrated  glomerular  filtrate.  This 
fix(Hl  speGlic*,  gravity  is  known  as  ;  the  kidneys  can  then 

make  neitluM'  a  eoni‘-eni, ratted  nor  a  more  dilute  urine,  and  tliis  is  the 
hall-mark  of  renal  faihu’e. 

Inflammatory  and  other  Complications.  Along  with  the 
marasmus  and  a,iuemi,a  often,  pro<lu(UMl  by  Bright’s  disease,  there  is 
associated  a  diminished  resistaiun^  to  ba-e-terial  invasion,  and  thus 
inflammatory  (‘conditions  ai’e  c.omparatively  (ioinmon.  Idiese  may 
aftecT  tlu‘.  serous  sa(*,s  and  inu(u)ns  incmbran(\s.  Iknh'-arditis  is  a  fairly 
(‘.omnum  (U)mi)li(*ation  ;  and  phuirisy,  jxudtonitis  a-nd  meningitis,  tliough 
k'ss  fre({U(mt,  also  occnir.  Gafarrh,  of  th,(^  respiratory  tract,  esj)ecially 
bronebitis,  is  nufl  with,  and  piummonic.  e,oiupH(‘.ations  may  (uisue, 
Ihilmonary  (edema  is  often  a  tenuinal  plienomeiion,  (^specially  in  cases 
where  gcuieral  (X'.dema  is  juusent,  and  this  of  course  pre(lis])oses  to 
pneumonia  of  hyjiostatie  type.  A(;ute  snff(>(‘utiv(‘.  pulmonary  cedema 
from  left  ventricular  failure  (xaairs  oetiasionally  in  the  acute  stage, 
but  more  often  in  tlu^  latc^  dironic  stage  when  lu^.art  failure  begins 
(p.  369).  Inflammations  about  the  mouth  occasionally  lead  to  oedema 
glottidis.  A  common  lesion  of  the  bowel  is  an  extreme  oedema  of 
the  duodenum  and  upixu*  ])art  of  tlu^  jejunum,  and  this  appears  to  be 
related  to  some  of  the  intestinal  symptoms  of  uraunia  ;  it  is  sometimes 
associated  with  a  h,avmorrhagi(‘,  condition,  in  reflation  to  which  the  small 
arterioles  may  show  the  acute  fibrinoid  necrosis  of  malignant  hyper¬ 
tension.  But  actual  enteritis  may  supervene,  and  this  may  be  of  a 
membranous  type  and  may  lead  to  ulceration  of  the  colon.  These 
facts  show  in  how  important  a  degree,  the  general  nourishment  may 
be  influenced  by  nephritis.  Further,  the  occurrence  of  '  albuminuric 
retinitis  ’  is  to  be  mentioned.  It  is  seen  round  the  optic  (Jisos  in  the 
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late  stages  of  nephritis  with  hypertension  as  well  as  in  nephrosclerosis 
of  the  malignant  type,  and  consists  mainly  of  a  combination  of 
degenerative  change  with  deposit  of  cholesterol  fat,  and  of  vascular 
disturbances,  papilloedema  and  siiiaU  haemorrhages.  The  areas  of 
degeneration  are  of  pale  appearance  and  are  often  somewhat  radially 
arranged  ;  along  with,  the  hsemorrhages  they  give  the  fundus  a 
characteristic  appearance.  RapiUcedeina  and  hsemorrhages  are  often 
prominent  features  in  malignant  nephrosclerosis  ;  in  the  benign  tj^e, 
on  the  other  hand,  there  are  usually  no  retinal  changes,  with  the 
exception  of  a  contracted  condition  of  the  arteries,  and  possibly  a 
few  small  hsemorrhages.  Albuminuric  retinitis  is  usually  regarded 
as  a  change  of  grave  omen  ;  death  is  said  to  occur  in  many  cases 
within  a  few  months  of  its  appearance. 

In  both  types  of  subacute  nephritis  anaemia  of  a  severe  degree 
may  develop  ;  it  is  commonly  of  normocytic  t37pe  with  marrow^ 
plasia,  but  is  sometimes  microcytic  and  hypochromic.  Anaemia  tends 
to  be  more  severe  in  the  late  stages  when  renal  failure  with  azotaeiiiia 
is  developing. 

Renal  Dwarfism  or  Infantilism.  Occasionally  small  fibrotic  Idc^eys 
have  been  found  associated  with  a  state  of  defective  growth  and  mfantilism. 
Poljniiria  and  thirst  are  often  prominent  s5?Tnptoms.  The  bones  may  become 
affected,  being  unduly  porous  and  fragile,  with  a  tendency  to  spontaneous 
fracture  and  deformities.  The  changes  in  some  respect  resemble  those  of 
rickets  and  the  disease  is  known  also  as  ‘  renal  rickets,’  but  they  are  slower 
in  development  and  occur  at  a  later  period.  While  the  calcium  metabolism 
is  clearly  disturbed,  there  is  no  evidence  that  this  is  due  to  vitamin  deficiency, 
but  is  in  some  way  the  result  of  the  kidney  lesion.  The  most  reasonable  explana¬ 
tion  is  that  there  is  a  failure  of  the  kidneys  to  excrete  phosphates  and  that  these 
are  passed  into  the  bowel,  causing  a  deviation  of  calcium  or  interfering  with  its 
absorption.  Hyperplastic  changes  have  been  observed  in  the  parathyroids,  but 
these  are  in  all  probability  of  secondary  origin.  The  etiology  of  the  renal  disease 
is  often  obscure.  It  is  suggestive,  however,  in  this  respect  that  marked  hypo¬ 
plasia  with  fibrosis  of  the  kidneys  may  be  present  at  birth  and  lead  to  uraemia 
at  a  very  early  period  (Blacklock).  In  some  cases  the  renal  fibrosis  may  be 
the  late  result  of  a  pyelo -nephritis  occurring  in  the  early  years  of  life.  It  is 
noteworthy  that  dilatation  of  the  pelves  of  the  kidneys  and  ureters  has  been 
observed  in  a  considerable  proportion  of  cases  and  this  has  been  ascribed  to 
spasm  or  achalasia  at  the  lower  end  of  the  ureters.  Various  points,  however, 
with  regard  to  this  condition  are  still  obscure. 


Amyloid  Disease 

The  kidneys  are  amongst  the  organs  most  frequently  affected  by 
amyloid  disease  (p.  147 ).  At  an  early  stage  there  may  he  little  change 
in  their  appearance,  and  the  presence  of  amyloid  is  discoverable  only 
on  the  application  of  the  iodine  test,  or  even  only  on  microscopic 
examination.  But  as  the  disease  progresses,  the  kidneys  undergo 
enlargement,  and  may  ultimately  reach  a  considerable  size.  The 
substance  of  the  organs  is  rather  firm,  and  when  the  capsule  is  removed,, 
the  surface  is  smooth  and  very  pale,  the  lines  of  vessels  standing  out 
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jiffaiiiMt,  Oui  |)a,Io  laackground.  I’lio  out  aiirfacc  of  tlic  cortex  shows 
a.  (■.orrcspondiiig  pallor  ;  it  lias  a,  greyish  aiul  soiiuovhat  translucent 
appearance,  with,  yellowish  luotOing  owing  to  fatty  (Langes  in  the 
tubules  (Fig.  5,12).  '.riu!  I'ed  nualulla  forms  a  marked  e()ntHi.st  to  the 
cortex  though  it  also  is  soiiuiwhat  pa.l(‘r  Oian  usiiaJ.  On  the  applica¬ 
tion  ot  iodine,  the  alfe<!t('d  gloimaudi  eonu>  out  prominently  as  rows 
of  dark  brown  dots,  and  usually  the  medulla  stains  cleeply, 
owing  to  the  affected  ve.ssels.  Sometimes,  on  account  of  the 
associated  presence  of  interstitial  change,  the  capsule  is  slightly 
adherent,  and  the  cortex  shows  signs  of  shrinking.  There  is  also  a 
variety  of  small  amyloid  kidney,  which  has  all  the  general  appear¬ 
ances  of  a  granular  contracted  kidney,  but  in  acldition  gives  a 
marked  amyloid  reaction. 


F,:tG>  I,  U.— A.myloici  .Kidney. 

Nate  tlie  markihi  pallor  of  tlie  cortex  with  sligtit  aiottlliig.  x  t- 


The  earliest  structures  to  be  affected  with  amyloid  change  are  the 
afferent  arterioles  and  the  glomcndar  capillaries  (Pig.  513),  Thence 
the  change  spreads  to  the  inter- tubular  capillaries  and  the  other 
vessels.  The  basement  membi-ane  of  the  tubules  becomes  affected, 
and  sometimes  also  the  Bowman’s  capsules.  If  the  amyloid  disease 
is  marked,  albuminuria  is  s(W(h-(‘.  a.ncl  (ionscHjuc^ntly  tlu^  associated 
changers  ol:  the  lu^jilu-oih*.  syndronu^  appe^ar.  Important  secondary 
elianges  occur  in  the  tiibuU's  dn(‘,  to  a-  realisorfition  of  protein  and  lipoid 
from  the  glomc^rular  iili.ra.t(‘-  ;  therc^  may  Ix^  a  marked  accumulation 
of  hyaline  droplets,  a,nd  of  inycdin  as  wcdl  as  of  ordinary  fats. 
1  hcr(i  are  often  to  b(i  seen  in  the  tubules  largo  homogeneous  casts, 
which  probably  consist  chiefly  of  material  formed  by  the  degenera¬ 
tion  of  the  epithelium  ;  they  are  conveniently  called  ^  colloid  ’  casts, 
and  never  give  the  reaction  of  amyloid  substance.  Such  casts  are 
often, numerous  in  the „urine. 

There  has  been  dispute  as  to  the  sequence  of  events  in  the  case 
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of  the  small  amyloid  kidney,  but  it  seems  to  us  on  the  whole  most 
probable  that  the  amyloid  change  has  become  associated  with  fibrosis 
occurring  independently ;  it 
seems  unlikely  that  the  large 
amyloid  kidney  passes  into  a 
contracted  condition. 

Functional  Effects  of  Amyloid 
Disease.  In  the  early  stages 
of  amyloid  disease  of  the 
kidney  the  urine  is  increased  in 
amount,  is  pale  and  of  low 
specific  gravity  ;  and  there  is 
usually  Httle  albumin.  As  the 
condition  progresses,  albumin 
increases  in  amount  and  may 
be  very  abundant,  and  usually 
the  amount  of  urine  then  be¬ 
comes  markedly  diminished. 

General  oedema  of  the  chronic 
renal  type  with  ascites,  etc., 
then  occurs  and  is  associated 
mth  diminution  of  protein  in  the  blood  plasma,  fall  in  the  colloid 
osmotic  pressure  and  hypercholesterolsemia.  We  may  summarise  by 
sayfing  that  marked  amyloid  disease  of  the  kidneys  leads  to  the 
appearances  and  effects  characteristic  of  lipoid  nephrosis  (p.  81i) 
and  the  term  '  amyloid  type  of  neplirosis  '  has  been  applied  ;  some¬ 
times  there  is  also  well-marked  deposition  of  myelin  fats  in  the 
tubule  cells  and  interstitial  tissue.  This  is  of  considerable  importance. 
Since  in  amyloid  disease  the  albuminuria  and  other  effects  depend 
on  a  primary  change  in  the  capillaries,  especially^  of  the  glomeruli,  it 
suggests  that  in  nephrosis  too  the  lesions  in  the  tubules  are  secondary 
to  glomerular  damage,  even  if  this  may  not  be  demonstrable  by^ 
ordinary  histological  methods.  It  is  worthy  of  note  that  amyloid 
disease  by/"  itself  does  not  produce  elevation  of  the  blood  pressure  or 
urea  retention. 

FLUID  BALANCE  AND  TEE  PATHOLOGY  OF  (EDEMA 

Under  normal  conditions  about  70  per  cent,  of  the  body  weight 
consists  of  water,  i.e.  a  man  weighing  70  kg.  (11  stones)  contains  about 
49  litres  distributed  as  35  htres  of  intrmellular  water  and  14  litres  of 
extracellular  water ;  the  latter  is  subdivided  into  about  3  litres  of 
intr avmcidar  Axiid,  the  plasma,  and  about  11  htres  of  inter stitial  fluid 
which  is  distinguished  from  the  intravascular  and  intraceUular  fluids 
by  its  very  low  protein  content.  The  extracellular  fluids  contain 
practically  all  the  sodium,  balanced  chiefly  by^  chloride  and  bicarbonate 
ions,  whereas  the  intracellular  fluid  is  almost  devoid  of  sodium  and 


Fig.  513. — Glomerulus  in  amyloid  dis¬ 
ease  of  kidney,  showing  the  swelling 
and  hyaline  appearance  of  the  capillary 
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(•hl(>ri(l(\  its  l)5(uirlK)nai(s  sulphate  and  phosphate  imkym  being  balanced 
by  potassium  a,iul  magni'sium.  It  is  (‘ssential  that  the  interstitial 
lluid  should  txamiin  isotonic*,  with  the  intravascular  and  intracellular 
(luids  a,n(l  thus  ii,  (*.onta,ins  a  higlua*  concentration  of  Oectrolytes  to 
balance  the  (U)ljoid  osmotic.  |)ressure  of  tlu'ir  ])rot(ans.  Whereas  in 
tlu^  exti-iicellular  (luids  sodium  ions  a,r(‘  (‘S[)(H*,ia,lly  important  because 
tluvre  is  no  sul)stitute  for  them  (Ma,r'rioi4T  (lu(daiaih>ns  in  the  amount 
of  c,hloi*i<l('  ions  can  caisily  l)e  (nmpensated  by  bicun'bonate  derived 
from  m(*(abolism.  KhaluO.ions  in  tiu^.  watnr  and  saJt  content  of  the 
body  ar(‘.  g(‘n(a*a,lly  a.ssocialnd,  but  it  has  been  recogniscal  increasingly 
in  recent  yeairs  (ha,t  disproporltonatc^  dc'pkdion  of  water  and  of  s^lt 
ca,us(*s  distil rbaji<;(\s  o(;  tlu':  nornuil  (Hjuilibrium  whic*.h  r(H|uire  different 
treatment  if  c.linic.al  benOit  is  to  b(^  obtained.  TIk^  continued  daily 
loss  by  the  lungs  and  by  insensible',  persj)iratie)n  e)f  ai)e)ut  a  litre  of  water 
without  the  le)ss  of  sait  must  alwa,ys  be  taken  inte>  a(‘,count.  Thus 
de'fle*,ic‘nt  intake  of.  watea;  tcaids  te)  eaiuse  hy])ertonici(iy  of  the  extra- 
e'cllular  fluids  se)  tiiat  water  is  vvdthdrawii  fre)m  the  c'eTs,  thereby 
inelue‘,ing  primary  cdluUir  (id ly (Ira, Hon:  hi  relative',  salt  depletion,  on 
the  othe'r  hamb  the'  (‘e)nve'rsc  is  the  e*ase',  the  extracellular  fluids  tend 
to  l)eeu>me’:  hyj)e)tonie‘.,  but  this  efiea't  is  miniiuise'd  partly  by  incrciased 
e'xcrc't'ion  ol  wate'r  a,nd  j)a)rtly  by  diflusiein  ol  watc'r  (re)!!!,  the'  interstitial 
(luiel  into  tlu',  cells  in  orek'r  te)  maintain  isoton ieaty.  Tims  in  salt 
defieaene‘,y  the  ('xtracedlular  fluiels  are  re'.duend  in,  volume,  but  the 
administratie)n,  e)f  watc'r  renelered  ise>te)nie',  with,  glue‘,e>se  is  actually 
Jiaruiful,  as  it  eloevs  not  provide  the  elee*,trolytes  neaaled  and  merely 
elilutes  further  tlu^  interstitial  fluid,  it  is  curious  that  whereas  the 
need  tor  water  is  normally  inelieuite'd  by  thirst,  in  nian  there  a])pears 
to  bo  ne>  urgent  warning  sensa,tie)n  when  salt  is  lacking. 

Heficieaxey  in  body  water  may  be^  brought  about  in  a  variety  of  ways 
but  in  liospital  patienf;s  this  is  seevn  most  often  as  a,  re^sult  of  insufficient 
intake  owing  to  physic,al  weakiu'ss  (Marriott).  Tho.  urine  is  reduced 
in  volume  (500  ml.)  anel  is  liighly  e*.(>ne*,ent rated,  tlu^  s])ecific  gravity 
rising  to  I.*()4-h  or  more.  The  scxlium  c,hloride  e-onteut  of  the  plasma 
and  also  the  urea  (X)ntent  imu'case,  probably  a, s  tlu^  result  of  diminished 
renal  filtration,  but  tlu^  plasma,  volumes  is  maintained  n'latively  well 
by  withdrawal  of  intra(*,ellular  water  (Blade  and  McOance).  In 
exceptional  conditions  ol,  water  (k^privation,  e.g.  men  shipwrecked  or 
lost  in  tlu^  (k'sert,  the  cleficieiuy  of  body  water  may  ultimately  reach 
over  12  ])er  cent,  of  body  W(',ight  ami  amount  to  nearly  K)  litres. 
Deatli,  is  thought  to  b(^  due  to  rise  in  the  osmotic  prc'.ssurc  of  the  cells. 
In  children  the  body  surfa(‘,e/weight  ratio  is  higiun:  than  ,in  adults  ; 
and^  chiklrcag  unlike  adults,  are  unable  to  scutrc'te  a  urine  (containing 
a  high,  (‘.oncc'.ntration  of  salt  and  urea.  As  a  .ivsnlt  lack  of  fluid  has 
a  more  sovca*e  (‘fted;  in  infants  than  in  U/didts,  ft)i-  the  former  factor 
leads  to  a  relatively  laigcx.*  insensible  loss  of  watc'r  wliile  the  latter 
implies  that  a  ])roportionat('ly  large, a*  volume  of  fluid  is  required  for 
the  excretion  of  metabolic  jxroducts. 
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In  clinical  practice  salt  deprivation  is  muck  more  common  and 
its  iU  effects  are  more  serious  and  are  more  often  unrecognised  than 
tkose  of  simple  water  depletion.  Excessive  loss  of  sodium  chloride 
from  the  body  occurs  in  a  variety  of  conditions  and  its  effects  are 
complicated  by  secondary  changes  suck  as  alkalosis  from  excessive 
loss  of  chloride  by  vomitings  or  acidosis  due  to  disproportionate  loss 
of  alkaline  secretions  in  diarrhoea  or  in  ileal  drainage  by  intubation. 
Pure  loss  of  salt  is  met  vith  after  excessive  sweating  when  water  is 
consumed  freely,  and  under  such  conditions,  e.g.  in  the  tropics  or  when 
working  in  a  very  hot  atmosphere,  salt  depletion  gives  rise  to  a  state 
of  '  heat  exhaustion  ’  which  necessitates  the  administration  of  large 
amounts  of  salt  as  well  as  of  water,  the  consumption  of  the  latter 
alone  being  liable  to  produce  severe  cramps.  ClmicaUy  vomiting  and 
diarrhoea  are  the  most  important  causes  of  water  and  salt  loss,  and  if 
only  water  is  restored  the  picture  of  pure  salt  depletion  follows,  with 
lowering  of  osmotic  pressure  of  the  extracellular  fluid  and  so  great  a 
reduction  in  its  amount  owing  to  renal  excretion  of  water  and  to 
increased  osmotic  absorption  by  the  cellular  tissues  that  peripheral 
circulatory  collapse  soon  supervenes.  Marriott  states  that  the  effects 
of  tills  secondary  extracellidar  dehydration  are  actually  more  serious 
than  those  of  the  disturbed  acid-base  balance  which  may  develop  from 
disproportionate  loss  of  sodium  to  chloride  ions,  though  the  latter 
condition  has  hitherto  received  more  attention.  The  symptoms  of 
salt  depletion  when  water  is  consumed  freely  ,  include  lassitude,  weak¬ 
ness,  giddiness,  fainting  attacks  and  cramps  ;  also  anorexia,  nausea 
and  vomiting  occur  and  tend  to  aggravate  the  condition  by  establishing 
a  vicious  circle.  Marked  loss  of  weight  and  mental  confusion  may 
supervene.  The  plasma  concentration  of  sodium  chloride  falls  from 
about  630  mg.  per  100  ml.  to  300  mg.  or  less,  chlorides  are  absent 
from  the  urine,  and  the  blood  urea  rises  (often  above  MO  mg.  per 
100  ml.).  Hsemoconcentration  is  present,  though  the  plasma  volume 
is  reduced  proportionately  rather  less  than  that  of  the  interstitial  fluid, 
owing  to  its  abihty  to  retain  water  by  its  colloid  osmotic  pressure. 

In  Great  Britain  combined  deficiency  of  water  and  salt  is  more 
common  clinically  than  of  either  separately.  Vomiting  and  diar¬ 
rhoea  are  probably  its  most  frequent  cause  but  loss  of  water  tends  to 
exceed  loss  of  salt  because  ingestion  and  retention  of  fluid  are  likely 
to  be  inadequate.  In  the  combined  picture  the  extracellular  fluid 
therefore  tends  to  become  hypertonic  and  consequently  fluid  is  with¬ 
drawn  from  the  cells,  which  leads  to  thirst  and  oliguria  in  addition  to 
the  tendency  to  acute  circulatory  failure  and  other  symptoms  of  salt 
depletion.  The  rise  in  blood  urea  often  leads  to  the  erroneous  diagnosis 
of  uraemia,  but  the  administration  of  water  and  salt  in  adequate 
amounts  may  completely  relieve  the  s3unptoms. 

Regulation  of  the  water  content  of  the  blood  and  urine  is  normally 
carried  out  by  the  kidneys,  which  are  in  turn  largely  controlled  by  the 
neurohypophysis  through  the  action  of  the  anti-diuretic  hormone  on 
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the  distal  renal  taihules.  Idui  ncurohypophysis  is  so  highly  sensitive 
to  the  osmotic.  iiilhienc.(5  of  sodium  (ddoride  that  an  alteration  of  one 
per  cent,  in  th(^  osmotic  pressmn  of  tlu^  arterial  blood  can  bring  about 
a  tc.nfold  vaa-iation  in  the  cxcrOlon  of  wa,tcr  and  the  o.smotic  pressure 
of  the  (extracellular  Iluids  is  theix'by  r((gulated  so  as  to  maintain  a  ' 
practi(adly  constant  state  ( Verncy).  Failure  of  this  mechanism  is  seen 
in  dia.l)ctes  insipidus,  in  which  in(.ens('.  polyuria  approadiiug  inaximuin 
\va.t('r  (‘X(a-etion  is  constantly  piescnt.  An  analogous  situation  in 
rcs|(e(!t  ()l  salt  is  S('('n  in  th((  relation  of  sodium  cxcrcdion  to  the 
supranmal  corb'x.  In  tini  ahs(mce  of  adrenal  corticial  hormones  sodium 
is  excaxded  in  ('.xcessiv('  amounts  in  tin-  urine  chiefly  in  the  form  of 
salt.  Destrudion  of  tln^  adixmal  cortex  in  Addison’s  discaisc  thus  leads 
to  ((XCH'ssivc  salt  loss  in  the  urine,  and  the  plasma,  content  of  sodium 
diloride  falls  far  below  the  level  at  which,  salt  normally  cc'asos  to  be 
excreted.  In  (xmseeiuene.e.  serious  (hejihtion  of  the  body’s  store  of  salt 
is  brought  about  and  this,  if  uncorre(t,(Ml,  contribuUes  gixeatly  to  the 
s(W('.r((  (U'ises  of  Addison’s  disease  and  the  temehmey  to  acut(!  circulatory 
collapse,.  Other  hormones  also  j)lay  minor  ])a,rts  in  the  (•((gulation  of 
water  and  salt  (xxeiretion,  e.g.  ovarian  liormoiu's  can  (aiusee  a  distinct 
r(t,<mti()n  of  waten-,  as  is  seen  in  the  late  phase  of  the  mcmstrual 
cyd((  and  in,  pregnane^y. 

1  he  pathology  of  genn'ralised  (cchmia  ha,s  to  Ih!  viewcxl  against  this 
background  of  water  and  salt  balance.  .Maitttemance  of  osmotic 
('(|uilibrium  is  more  important  for  lih'  and  is  thereforce  r(>gnlated  more 
(exactly  than  tlu'  total  volume'  ot  Iluid  in  the  body  or  within  any  of  its 
subdivisions.  ’Wheereais  formeerly  e'hie'f  iurportance  was  iittaoheei  to  the 
c.hloride  anion  it  is  now  recogniseal  tluit  the  sodium  cation  is  even 
more  slgniheant  hi  regulating  the  amount  of  body  fluid  that  is  held 
in  the  extracellular  c.om])artnumt  of  the  tissue's  aiiid  is  tlius  intimately 
connected  »vith  the  patliogenesis  of  eedemia. 

CEdema.  'I'he  varieties  of  eealema,  have  previously  been  described 
(pp.  34-39)  and  the  conditions  of  occurrence  of  the  two  principal 
clinical  types,  cardiac  (»dema  and  renal  nidenia,  will  he  found  on  p.  367 
and  p.  842  respectively.  It  appeared  unprofitable  to  discuss  the 
pathology  of  oedema  fully  at  an  earlier  stage  beea.use  of  its  close  relation¬ 
ships  with  cardiac  and  renal  function,  but  now  that  these  have  been 
surveyed,  general  consideration  may  hero  he  givem  to  the  jiroblems  of 
oedema  as  a  whole. 

It  is  generally  accepted  that  the  interchange  of  fluid  between  the 
capillaries  and  the  tissue  spaeics  can  be  e.xplaincd  on  a  physical  basis 
and  that  the  distribution  of  fluid  within  and  outside  the  capillaries 
is  regulated  mainly  l)y  a  halane'O  of  the',  two  processes  of  filtration  and 
osmosis.  The  intracapillary  hydrostatic  prees.siirc  tends  to  force  fluid 
outwards  into  the  tissue  Hjjace's,  while'  the  osmotic  ])ressure  of  the 
colloids  of  the  blood  ijlaama  tends  to  attract  water  and  thus  to 
induce  its  passage  from  the  tissue  spaces  back  into  the  capillaries. 
The  permeability  of  the  capillary  walls  varies  in  different  regions 
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and  also  under  different  conditions  of  physiological  activity  in  any 
one  region,  but  it  is  now  recognised  that  the  filtrate  in  ail  situations 
normally  contains  at  least  a  small  amount  of  protein,  probably  not 
exceeding  0*5  per  cent,  in  the  more  permeable  areas  such  as  the 
liver  and  less  than  0*1  per  cent,  in  the  less  permeable  areas  such  as 
the  hmbs.  In  the  normal  exchange  of  interstitial  fluid  between  vessels 
and  tissue  spaces  most  of  the  filtrate  is  returned  to  the  circulation  by 
the  veins  and  only  a  small  amount  by  the  l}miphatics,  but  the  latter 
portion  contains  practicaU}^  all  the  protein  so  that  the  protein  content 
of  lymph  is  higher  than  that  of  the  filtrate  (Drinker).  Thus  the 
protein  content  of  lymph  fluctuates  widely,  depending  on  the  perme- 
abflity  of  the  capfllaries  in  the  area  drained,  e.g.  the  hepatic  l^unph 
is  very  rich  in  protein  (3-5  per  cent.).  According  to  Whipple  and  his 
associates  the  plasma  proteins  have  important  nutritive  functions  and 
the  process  of  lymph  formation  results  in  the  constant  circulation  of 
small  amounts  of  protein  to  the  tissue  cells,  a  factor  which  may  be 
important  in  chronic  lymphatic  obstruction  (ij.  infra.).  We  have  no 
precise  knowledge  of  the  magnitude  of  the  normal  fluid  exchange  but 
presumably  it  must  amount  to  many  hundreds  of  litres  daily  (7 ,000  litres, 
Eranklin)  and  must  fluctuate  widely  in  the  varying  states  of  the  circula¬ 
tion  to  different  parts.  In  the  return  of  water  and  salt  from  the  tissues 
to  the  blood  stream,  the  chloride  ion  shift  from  plasma  to  red  cells 
in  de- oxygenated  blood  provides  an  additional  force  for  the  uptake 
of  water  and  salt  averaging  4  ml.  per  litre  of  venous  blood.  If  the 
cardiac  output  is  taken  as  about  7,500  litres  per  day  the  chloride  shift 
alone  would  enable  about  30  litres  of  fluid  to  be  transferred  from  tissues 
to  vessels  (Shaw  Dunn),  and  failure  of  this  mechanism  probabty  plays 
a  part  in  the  development  of  oedema  in  conditions  of  severe  ansemia. 
The  force  provided  by  the  chloride  shift  may  also  be  concerned  in  the 
absorption  of  exudates,  transudates  and  of  physiological  saline  intro¬ 
duced  subcutaneously.  Further,  this  mechanism  will  automatically 
fluctuate  in  proportion  to  the  physiological  activity  of  the  tissues.  Any 
disturbance  of  the  normal  balance  of  these  conditions  will  lead  to 
increased  or  decreased  passage  of  fluid  in  one  or  other  direction  as 
the  case  may  be. 

Although  the  capillary  endothelium  is  normally  relatively  imperme¬ 
able  to  the  proteins  of  the  plasma,  this  property  may  be  altered  xmder 
conditions  which  can  hardly  be  regarded  as  pathological,  for  example, 
when  the  capillaries  become  dilated  and  their  walls  stretched  (Erogh). 
It  is,  however,  difficult  to  draw  a  sharp  line  between  physiological  and 
reactive  dilatation  and  that  which  results  from  injury.  Thus  damage 
of  various  kinds  leads  to  increased  permeability  of  the  capillary  walls 
with  escape  of  fluid  containing  protein  in  greater  concentration. 
The  extreme  example  of  this  is  thp  inflammatory  exudation,  where 
increased  capillary  permeability  may  permit  the  escape  of  so  large 
a  fraction  of  the  plasma  that  stasis  of  the  circulation  results.  Between 
this  and  the  normal  state  all  degrees  of  capillary  damage  are  seen,  and 
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liorrespondiiigjy  all  (!(\ot(h‘s  oi'  protein  concentration  are  met  with  down 
to  transmhites  with  r(‘laXiv(‘l,\^  low  protein  content.  Certain  specific 
substances,  i\g.  histajniiu',  bring  about  iiuvreased  i)ormeability  of 
capillaries  with.  (5sca,pe  of  jilasnia  proteins  in  higli  concentration,  as 
is  seen  in  tlie  lesions  of  urti(%‘iria,  and  in  aaigio-nexirotic  (edema.  If 
liistiamine  is  injected  intracha’inally  while  the  circulation  is  obstructed 
the  typical  wheal  does  not  devcdo])  until  the  tourniquet  is  released 
(l^andis),  showing  that  the  liydiarstatic  pressure  of  the  flowing  blood 
is  napnivd  to  driv(‘,  out  the  fluid.  Increase  of  metabolites  in  the  tissue 
Ihiids  is  another  factor  which  may  be  eonceriual  in  the  i)assage  of  fluid 
into  tlu^  tissues  and  its  rcd^caition  tlure  in  incunased  amounts  ;  this  is 
seen  in  the  acute  exahanas  rx^sulting  fr^oni  traumatism,  Ixurns  and 
irdhutnnation,  but  it  is  oftxm  accompanied  by  liuauased  capillary 
permeability  as  a  restdt  of  injury.  Any  iiuaM'asc?  <)f  nuih^cnbs  m  the 
tissue  fluids  will,  however,  Jiavx'  only  a,  txanporaty  (‘H;e(d')  unless  their 
supply  is  maintaiiu'd  be(‘aus(\  owing  to  the  ea,se  with,  whix^li  crystalloids 
diffuse  through  eapillary  walls,  tlu^  concentration  outside  and  inside 
the  ea[)iJlaries  will  soon  hcHunne  e(|ualised. 

it  is  of  fundanumtal  Invixirtajuu^,  to  an  xindcu-standing  of  tlie  problems 
of  gt  nca  al iscxl  (xakumi  to  rc^alisc^  that  all  varieties  of  this  eondition  ax’e 
aceompanuMl  by  retention  of  water  ;  therdbre  It  would  b(^  c|uite  wrong 
to  regarcl  gen(u-alls(xl  (edema  as  a  imac  redistribution  of  the  body 
fluids.  Tlu‘r(‘.  is  always  an  ineiuase  in  the  (',xtra(xdlular  fluids  of  the 
i)()(iy  and  (in  an  adult)  a  ris(^  of  wedght  of  aixmt  5  kg.  ( 1 2  lb.)  invariably 
preexxles  the  apjKairauec  of  (^lini(adly  nHiognisahle  (xubmia,  a  fact  utilised 
ill  tlu^  attention  yiaid  to  the  W(Mght  of  tlu^  (‘xp(xitajit  motlitu*.  Thus 
generalised  uxbunui  cjui  b(^  rega-rded  as  t-lxi  body's  uudhod  of  disposiug 
of  ex(‘,css  fluid,  whi(fii  it  is  imabU^.  to  disciiargc^' by  tlx^  usual  camimelC 
in  order  to  regulate  thc^  blood  voluim^  Sinec'!  the  body  ap|:)ears  to 
tolerate  badly  an  inereas(^  in  tlu^  vohmu^  of  the  intravaseular  fluid, 
the  excess  is  shuntcxl  into  the  int(u\stitial  s})a(H\s  wh(u*e  its  presence 
requires  tlu^  siiuultaiuxxis  redentiou  of  a  suflident  (puiutity  of  electro¬ 
lytes,  chi(dly  salt,  to  (xpialisc^  tix^  osmotie  pr(%ssur(‘  of  this  fluid  with 
that  of  th.(‘  (tdls  and  of  the  plasma.  Since  lliotli  of  th(\s(^  eontain  ciolloids, 
the  amount  of  (dxxitrolyte  in  tlx^  intcu'stitial  fluid  is  greater  than  that 
in  the  plasma  in  aeeordance  wltli  thc^  J)onnan  uuvmbrane  equilibrium. 
It  is  unlikely  tJiat  Incrc^.asc^  of  ea])iflary  })tu‘nieability  plays  any  major 
part  in  thci  production  of  gc^iu^alised  (xxlcuna,  for  the  jxrotein  content 
of  oedema  fluid  is  not  sufficiently  high  to  support  tliis  assumption  and 
there  is  no  fall  in  the  blood  volume  such  as  occurs  in  surgical  shock 
where  an  increase  in  (iajxillary  permeability  is  believed  to  occur. 

Having  given  this  general  survey,  we  shall  now  consider  the  forms 
of  oedema  in  more  detail.  It  may  be  stated,  however,  that  in  many 
cases  several  factors  are  concerned  and  that  various  points  with 
regard  to  the  pathology  of  oedema  are  still  unsettled. 

Local  Congestive  (Edema.  ,It  has  been  established  by  experi¬ 
ment  that  in  a  healthy  animal  acute  venous  congestion  produced  by 
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ligation  of  a  large  venous  trunk  does  not  usually  lead  to  oedema.  Not 
only  is  there  an  increased  filtration  of  water  and  crystalloids  ovdng 
to  the  heightened  capillary  pressure,  but  also  a  passage  through  the 
capillary  wall  of  an  increased  amount  of  protein.  Owing  to  the  rise 
in  hydrostatic  pressure  at  the  venous  end  of  the  capillaries  there  is 
dimhiished  absorption  into  the  blood  ;  consequents  a  larger  propor¬ 
tion  of  the  tissue  fluid  is  returned  via  the  lymphatics  and  thus  there 
is  increased  flow  of  lymph  of  lowered  specific  gravity  containing  a 
lowered  concentration  of  protein.  This  increased  flow  along  the 
hmiphatics  as  a  rule  suffices  to  remove  the  excess  transudate  and  con¬ 
sequently  there  is  not  sufficient  accumulation  of  fluid  in  the  tissue 
spaces  to  cause  oedema.  If,  however,  along  with  the  ligation  of  the 
vein  the  vaso-motor  nerves  suppljdiig  the  part  are  cut,  the  intra¬ 
capillary  pressure  is  still  further  increased  and  locahsed  cedema  follows, 
as  the  transudate  is  now  too  great  to  be  carried  off.  Again,  the  applica¬ 
tion  of  an  elastic  band  to  a  limb  may  merely  produce  venous  congestion 
with  increased  l^unph  flow%  but  if  the  band  be  tightened  to  a  degree 
sufficient  to  prevent  the  flow  of  hunph  from  the  part,  then  oedema 
will  result.  Hence  one  may  say  that  in  experimental  work  on  healthy 
animals,  some  other  factor  in  addition  to  venous  congestion  is  usually 
necessary  for  the  production  of  oedema.  It  is  to  Ido  noted,  however, 
that  in  chnical  cases  of  local  venous  congestion,  the  condition  often 
lasts  much  longer  than  in  the  experimental  animal,  and  in  some  there 
is  also  an  element  of  cardiac  insufficiency. 

In  acute  venous  obstruction  there  must  be  sufficient  anastomotic 
drainage  of  venous  blood  to  permit  the  circulation  to  continue  or  else 
stasis,  thrombosis  and  hemorrhagic  mfarction  w^ould  follow  as  is  seen 
in  mesenteric  venous  thrombosis.  After  a  time  readjustment  of  the 
circulation  occurs  and  arterial  inflow  dimimshes,  so  that  persistent 
local  venous  obstruction  is  not  accompanied  by  any  noteworthy  degree 
of  chronic  congestion  of  capillaries  and  venules  although  the  main 
venous  anastomotic  trunks  remain  dilated.  This  circulatory  readjust¬ 
ment  naturaUy  leads  to  a  reduction  in  the  minute-volume  of  the 
circulation  through  the  part,  until  in  time  the  coEateral  circulation  is 
fully  able  to  deal  with  the  normal  flow.  Until  that  stage  is  reached 
there  must  be  a  diminution  in  fluid  exchange,  which  wiU  have  two 
consequences,  both  of  which  wifl  tend  to  promote  local  mdema.  In 
the  first  place  there  is  accumulation  of  local  metabolites,  which  increases 
the  osmotic  pressure  in  the  tissues,  and  secondly  there  is  a  reduction 
in  the  total  chloride  shift,  which  lessens  the  capacity  to  reabsorb  water 
and  salt  from  the  interstitial  tissue  ;  the  retention  of  fluid  in  the  tissues 
thus  brought  about  is  likely  to  lead  to  local  oedema. 

In  the  cedema  of  chronic  lymphatic  obstruction,  e.g.  by  cancer  cells, 
tubercle,  filaria,  etc.  (p.  327),  the  swoflen  tissues  do  not  readily  yield 
to  pressure,  i.e.  the  cedema  is  usuafly  of  the  non-pitting  type.  A 

characteristic  feature  of  long-standing  lymphatic  oedema  is  the  tendency 

to  elephantiasis  with  overgrowth  of  the  connective  tissue  in  the  skin 
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and  sulicnitaiKMiiLs  tissue.  This  has  generally  been  ascribed  to  inflam¬ 
matory  reaction  resulting  from  iiie  (^a,nsc  of  th(‘.  lymphatic  obstruction, 
e.g.  as  in  (%aiua‘r,  fila.ria.I  iiifesta,tion,  repeat-ed  attac'-ks  of  erysipelas,  etc., 
but  in  some  e.ases  no  su(4i  cunise  is  obvious.  Since  the  lymph  normally 
is  the  V(‘hic.l(^  for  the  rc'turn  to  the  e.ircailation  of  the  small  amount  of 
protein  in  tissue^-  fluid,  chrotiic^  lympliatie.  ()bstruction  resxilts  in  the 
accainnihition  of  j)rotein  in  th(‘  tissmvs  wJiile  most  of  the  water  and 
(?rystah()ids  an^  talvon  up  by  tlu^  v(mul(\s  a.s  usual.  It  is  therefore  to 
be  ex|.)e(^ted  (l)rinkc'r)  tliat  lymixhatic  (edema  will  result  in  connective 
tissue  overgrowtli  bcaaiusc^  tlu^  prot(‘in  (^xc'rts  a  stimulating  nutritive 
effect  on  the  ccdls  which  hauls  to  proiileration  and,  an  ovcyrproduction 
of  matrix  quite  ajiart  fivun  the  effecds  of  loca,l  inflaTumation. 

Cardiac  (Edema.  In  cardiac*,  disease  g(uuu‘a,l  vcuious  (‘.ongestioii 
may  exist  lor  a  long  tinu^  without  <ed('.ma  hut  tluu'c^  is  often  a  con¬ 
siderable  increase  in  the*,  blood  volirnu^  If  inerea,sed  transudation 
occurs  from  tlu^  (umgestcKl,  (*.apillari(‘s  a,s  a  result  of  theur  dilatation,  the 
normal  nic<*.hanism  is  siifficicmt  to  prevent  th(\  aecmmulation  of  fluid 
iji  the  tissucy  spacers.  When,  how(yv(yr,  the  luuj’t  b(\gins  to  fail,  the 
diminution  in  eardiacy  output  adversely  affects  the  kidneyys,  which 
depend  for  normal  fuiuitiouing  upon  tluflr  very  larger  (ar(*.iilation  (one- 
(iftli  of  the  total).  Tlu*re  is  evidene.e  that  although,  hvss  than  the 
normal  jyroportiou  of  the  (uirdiae  out[)ut  them  go('.s  to  the  kidneys  an 
abnormally  larg(*  fraetiou  is  fllt(n*(‘d  oft*  in  tiny  gloimyruli  probably  as 
a  result  of  im‘.reas(*d  toiuy  in  (dfeuent  arteriohys  (Mc^rrill).  The  volume 
of  xirhie  is  r(*du(‘.ed  and  it  is  liighly  eomauiti'ated,  indicyating  that  in 
spite  of  the  undoubffyd  r(y(lnc.tiou  in  tluy  total  glomerular  filtrate,  a 
considerable  initial  volvmie  of  liltra-te  must  1)0  formed  and  subjected 
to  excessive  ttrbiilar  reabsor])tion.  The  great  in(*,rease  in  body  weight 
confirms  the  enormous  amount  of  fluid  nytained  in  the  ciedematous 
tissues  in  some  cardiac  c.a,scs,  and  tluy  itnportamye  of  water  and  salt 
retention  is  shown  by  the  effects  of  diurcytic.s  in,  dinxinishing  the  oedema. 
According  to  Homer  Smith,  and  his  eo-workeyrs,  reduction  in  the 
glomerular  filtration  rate  hyads  to  failure  to  exeyrete  sodium,  which  in 
tnrn  leads  to  an  incrcyascy  in  the  rc^absoiption  of  watcyr  in  the  distal 
Mmles  and  thus  to  retention  of  water  and  salt  whJcyh  arc  subsequently 
diverted  into  the  tissues.  Reduction  in  the  intakxy  of  sodium  chloride 
in  the  diet  has  sometimes  a  markedly  diuretic,  effect,  water  being 
eliminated  in  order  to  preserve  the  isotonicy  state  of  the  oedema  fluid. 

There  are  other  factors  which  may  play  a  part  in.  tlie  genesis  of 
cardiac  oedema,  e»g.  the  acoumulatioti  in  the  tissues  of  waste  products 
which  by  their  osmotic  action  will  tend  to  attract  more  water  from 
■  the  blood,. and  the  moderate  fall  in  the  concentration  of  plasma  pro¬ 
teins,  partly  the  restilt  of  dilution  of  the  plasma,  which  may  facilitate 
the  production  of  oedema.  Possibly  the  diminished  oxidation  may  in 
time  affect  the.,  capillary  endothelinm  and  increase  its  permeability 
(Landis),  but  the,  latter  view  is  not  supported  by,  the  ,pr(3tein , content 
,  :  of  the  oedema  which  is  usually  about  0*5  per  cent.,  or  less.  We 
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consider,  however,  that  the  fundamental  cause  of  cardiac  oedema  lies 
in  the  faulty  elimination  of  fluid  consequent  upon  the  deranged  renal 
circulation.  The  distribution  of  the  retained  fluid  in  the  tissues  is 
determined  by  gravity  because,  with  the  reduction  in  cardiac  power, 
the  circulation  is  unable  to  pick  up  the  tissue  fluid  and  return  it  to 
the  right  heart  against  the  hydrostatic  pressure  of  the  column  of 
venous  blood  in  the  dependent  parts.  It  is  to  he  noted  that  in  (Bdeiiia 
generally,  the  distension  of  the  tissue  spaces  with  fluid  will  lead  to  a 
diminution  in  their  physical  resisting  power  and  their  elasticity.  The 
power  of  passing  on  the  fluid  along  the  lymphatics  is  thus  impaired, 
and  a  vicious  circle  is  estahMshed. 

Renal  (Edema.  We  consider  the  essential  basis  of  renal  oedema 
also  to  be  fluid  retention  owing  to  failure  of  the  damaged  kidneys  to 
eliminate  enough  water,  the  excess  water  and  appropriate  amount  of 
salt  and  other  crystalloids  being  shunted  into  the  interstitial  spaces 
by  the  circulation.  In  the  tissue  spaces  the  fl.uid  is  subject  to  con- 
tinuous  interchange  with  the  intravascular  fluid,  and  there  is  both 
excessive  outpouring  and  excessive  reabsorption  of  fluid,  in  which 
increased  flow  along  the  lymphatics  also  plays  a  part  (McMaster).  In 
this  view  the  difference  between  the  mild  oedema  of  acute  glomerulo¬ 
nephritis  and  the  severe  oedema  of  subacute  by draemic  nephritis  is 
one  of  degree  rather  than  of  fundamental  nature.  In  considering  the 
problem  of  renal  oedema  one  must  appreciate  that  the  renal  circiilation 
is  very  large  and  that  the  glomeruli  filter  off  about  180  litres  of  fluid 
per  da}^,  of  which  about  160  litres  are  reabsorbed  in  the  proximal 
tubules,  leaving  about  20  litres  to  he  subjected  to  further  differential 
absorption  in  the  distal  tubule  where  the  action  of  the  anti-diuretic 
hormone  determines  the  final  output  of  water.  These  facts  are  relevant 
to  the  problems  of  renal  oedema,  as  a  very  minor  quantitative  error 
in  tubular  reabsorption  is  reflected  in  a  disproportionately  large 
alteration  in  urinary  output. 

In  chronic  rencd  ccdcmot  such  as  is  seen  in  subacute  hydrsemic 
(Type  II)  nephritis,  oliguria  and  fluid  retention  are  accompanied  by 
severe  and  persistent  albuminuria  whereby  10-25  gm.  of  protein, 
mainly  albumin,  may  be  lost  daily  in  the  urine  over  a  long  period. 
Consequently  the  amount  of  plasma  protein  falls  from  the  normal 
8-5  gm.  per  100  ml.  blood  to  less  than  5  gm.  and,  owing  to  the  higher 
ratio  of  albumin  to  globuHn  in  the  urine  as  compared  with  the  blood, 
there  is  a  greater  loss*  of  albumin  and  thus  a  more  pronounced  fall  in 
the  plasma  alhumm.  Since  the  albumin  molecule  is  the  smaller,  it 
exerts  in  solution  about  four  times  the  osmotic  pressure  of  an  equal 
weight  of  globulin,  and  there  is  in  consequence  a  pronounced  fall  in  the 
colloid  osmotic  pressure  of  the  plasma.  In  the  genesis  of  chronic 
renal  cedema  great  significance  has  been  attached  to  this  alteration.  It 
is  beyond  doubt  that  under  these  conditions  the  difference  between 
the  filtration  pressure  and  the  opposmg  colloid  osmotic  pressure  is 
increased,  so  that  water  and  salts  filter  out  more  readily  through  the 
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aiiA‘i:io-(*a|)i.llar  walls  and  so  in  ainomits  grcatca-  than  norniaJ,  while 
ilie  return  at  the  venous  end  is  relatively  diminished;  tluis  fluid 
accumulates  and  (edema  rx^sults.  Aec'ordingly  the  speeilic  gravity 
of  the  transudate  is  vc^ry  low  (often  Ixdow  1 '{)05),  L)eing  little  more 
than  a  saJinc‘  lilti'at(‘  ol  tlu^  plasma,  c'onta.ining  only  traces  of  ])r()tein 
There  is  ifuaxddre  no  (widcmec^  tluit  incnaiscxl  pcuamaibility  of  capillary 
walls  is  in  a,ny  w'-ay  eonecuauxL  In  contrast  to  a.eute  nc^pluitis,  there 
is  in  th(‘  hydraanie.  form  no  ns(‘  of  blood  j)ressure  ;  ])ossibly  this  may 
be  attributable  in  part  Ik)  tlu^  c‘as(^  with,  which  surplus  fluid  escapes 
into  the  tissu(\s  in  iJu^  chronic*,  (lisc^a,s(^  b(x;aus(‘  tlu^  necessary  excess 
ot  filtration  pivssurc^  is  realiscvl  owing  to  thc^  fall  in  the  colloid  osmotic 
pressun^  of  tlu^  plasma.  In  acut(^  glomerulo-nc'.phritis,  on  the  other 
hand,  where  the  plasma  proteins  arc^  norma,!,  the  n(au\ssa,ry  difference 
is  acliicwcal  by  a  rise  in  tlui  filtration  prc'ssurc^  through,  hypertension 
(ShawFDunn).  In  our  o])inion  tlu^  fall  in  j)lasma  proteins  has  not  the 
primary  signiHcamte  att-ributcMl  to  if,  on  tlu^  ^  pre-rcmal  deviation  of 
water  ’  hypoth(\sis  in  whicF  it  was  supposcal  that  tlu^  c'seape  of  fluid 
into  thcj  tissues  Idt  f,h(^  kidru'ys  with,  insuflic.icmt  water  to  excrete. 
In  hjy di tcuiiic*  nc'phiitis  f,h,(*  (u)nl/mu('d  chilly  ('X(‘r(.d,ion  of  a  normal 
amount  of  urc^a  and  the  failure^  of  th(‘  blood  urxxi  to  rise  jilainly  indicate 
that  tlu^  ki(hu\ys  must  Ix'  pevrfused  by  approximatc^ly  the  normal 
volume:  ol  blood  with,  produedion  of  about  th(>  normal  volume  of  initial 
filtratcg  which,  howcwtw,  is  ultimatedy  ovcuabsorbcxl  with  consequent 
fluid  redtmtion.  dlic  prcxusc^  mcxlc^  of  iircxhudion  of  this  quantitative 
error  is  not  yed  eliuudatcxl. 

Experimentally,  reduction  in  tlu^  plasma  jirotcuns  in  dogs  can  be 
brought  about  by  reix^atcxl  bkxxlings,  i,h(^  red  cxxrpuse.lns  Ixdng  separated 
from  the  plasma,  suspc'iudcxl  in  sa,line  and  redurned  to  the  eirculation. 
When  this  procedure  is  cxintimicxl  ovm.*  sonu^  wcx'ks  a  ma,rked  fall  in 
the  blood  proteins  rc^sults,  but  cxxlema,  a,ppc',ars  only  if  the  animals 
receive  a  large  amount  of;  fihysiological  saline^  by  th(‘  mouth  .in  addition 
to  that  used  to  ressuspemd  tlic:  returned  red  ciells.  Hince^  ewen  normal 
subjecds  can  be  imulc':  (xxlcunat(,)ns  by  taking  per  o.s*  nxccvssivci  quantities 
of  water  and  salt  (Baird  and  Haldanes)  it  dons  ned  sexun  to  us  that 
those  plasmaph(T(^sis  (^.x])criments  on  dogs  upJiold  the  ])rimary  impor¬ 
tance  of  plasma  protein  deficicuu^y,  as  has  been  so  widely  accepted. 

The  otKiema  of  ac-utc^  nephritis,  aciUe^  renal  (xtdewa,  ])r‘cscuts  certain 
quantitative  differcmc^es  from  chronic;  rcxial  cxxlema  but  is  probably 
also  fundamentally  duo  to  failure  to  (‘xerede  enough,  water.  The  acute 
form  is  of  less  severity  and  is  less  persistent,  the  fall  in  the  blood 
proteins  is  slight  and  largely  attributalilc  to  liaemodilution,  as  the  blood 
volume  is  sonaewhat  raised  ;  the  s])ecifi(;  gravity  of  the  transudate  is 
also  higher,  the  amount  of  protein  being  several  times  that  in  the 
chronic  type.  This  is  to  be  expected,  as  the, less  the  amount  of  fluid, 
the  less  It  ^  is  likely  to  differ  from  normal  tissue  fluid  .in  its  protein 
concentration..  Even  so,  the  actual  amount  of  protein  is  quite  small, 
averaging  less  than  0*5  per  cent.  (Stead),  i.e.  it  is  not  notably  higher 
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than  that  in  cardiac  oedema.  Accordingly  we  see  no  basis  for  the 
suggestion  that  the  capillary  walls  in  general  have  become  more 
permeable  as  a  result  of  toxic  action  similar  to  that  leading  to  the 
damage  to  the  glomerular  capillaries  which  initiates  the  acute  nephritis. 
The  protein  content  of  the  fluid  hi  acute  renal  cedeiiia  is  so  far  below 
that  hi  inflammatory  oedema  and  hi  the  local  oedema  of  urticaria  that 
the  explanation  of  increased  permeability  cannot  be  ^accepted. 

The  generalised  distribution  in  the  tissues  is  attributable  to  the 
fact  that  hi  acute  renal  oedema  the  heart  is  acting  powerful^  and 
through  the  activity  of  the  circulation  is  continually  redistributmg 
the  surplus  fluid,  which  therefore  tends  to  accumulate  especiaUy  in 
situations  where  the  tissues  are  loose  and  the  tissue  pressure  is  low. 

It  is  often  overlooked  that  the  generalised  distribution  of  renal  oeciema 
is  pronomiced  only  after  lying  down  and  that  there  is  some  gravitational 
influence  when  the  patient  sits  up.  Patients  vith  congestive  cardiaG 
failure,  however,  do  not  show  this  generahsed  distribution  of  the 
retained  fluid  because  gravitational  influences  exert  a  greater  effect 
against  the  dhninished  power  of  the  circulation,  and  also  because  such 
patients  are  usually  orthopnoeic  and  so  unable  to  be  recumbent.  The 
view  that  fluid  retention  is  of  primary  importance  in  acute  renal 
oedema  is  not  mthout  clmical  significance,  because  attempts  to  produce 
diuresis  by  a  high  intake  of  fluid  and  electrohdes  in  the  treatment  of 
extreme  oliguria  or  actual  suppression  of  urine  may  reduce  the  chances 
of  recovery  owing  to  the  production  of  pulmonary  oeciema  or  water 
intoxication  (Black). 

Suppurative  Nephritis 

This  type  of  lesion  is  produced  in  two  ways,  viz. 

A  As  the  lesvit  of  blood  mfection.  Of  tHs  again  there  are  two 
main  modes  of  occurrence,  viz.  (1)  as  part  of  a  pysemia  usuaUy  pro¬ 
duced  by  staphylococci,  (2)  as  an  infection  by  coliform  baciUi  chiefly 
in  young  women  during  pregnancy,  and  in  children. 

B.  As  a  result  of  an  ascending  infection  from  the  lower  urinary 

tract. 

(A)  Blood  Infection.  (1 )  In  a  general  blood  infection  pyogenic 
organisms  have  a  marked  tendency  to  settle  in  the  kidneys  ;  in  fact, 
abscesses  produced  in  this  way  are  commoner  there  than  in  any  ot  er 
organ.  If,  for  example,  a  small  quantity  of  an  emulsion  of  a  culture 
of  staphylococeus  aureus  is  injected  into  the  ear-vein  of  a  rabbit,  the 
resulting  suppurative  foci  are  usualy  most  numerous  in  the  kidneys,  and 
in  human  disease  a  corresponding  distribution  holds.  The  large  propor¬ 
tion  of  the  total  cardiac  output  passing  through  the  kidneys  is  clearly 
a  factor  which  exposes  them  to  infection  by  organisms  in  the  blood. 
Multiple  abscesses  in  the  kidneys  are  of  common  occurrence  in  acute 
suppurative  periostitis  and  osteomyelitis,  in  acute  bacterial  endo¬ 
carditis,  in  other  suppurative  lesions  such  as  carbuncle,  and  m  soine 
eases  where  infection  of  the  blood  stream  occurs  from  a  comparatively 
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ti Ichioii  ,  in  iih(*  of  infcuitioii  in  some  Ctises  is  not  dis 

coverable.  ,lii  diaJM'fes  t,lK>r(i  is  a.  lowa'red  resistance  to  pyococci 
and  other  organisms  ;  boils  and  carbiimF's  ocean:  and  blood  infection 
in  which  tlic:  kidneys  a, re  involved  sonu'tinu's  leads  to  death. 

Jn  this  type'  oC!e‘sie)n  HlaphylorocniN  aurPir.’t  is  the  ori^anism  most  fre 
qnemtly  cone'crned.  The  ivsnltinfr  a,bsea'sse.s  are  often  numerous  and 
ot  small  size  lieau'e  oftem  de'sea-ibed  as  miUary.  When  the  capsule 
of  the  kielneey  is  strippe.el,  they  may  be:  se:en  e.n  the  surface  as  small 
areas  of  about  the:  size:  of  a  pin’s  head  or  larger,  sliglitly  raised  and 
with  congested  or  h;emorrliagic  margin.  When  cut  into,  they  are 
seen  to  contain  small  drops  of  pus,  though  at  an  early  stage  their 
centres  are  merely  necrotic.  They  are  usually  in  groups,  and  are 
commonest  in  the  cortex  (Fig.  514),  though  they  occur  also  in  the 
medulla,  ■whore  they  are  of:  oval  shape,  or  form  pale  streaks  in  the 
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direction  of  the  medullary  rays,  Su(4i  nuiuite  abscesses  are  the  result 
of  the  organisms  settling  in  the  ciapillary  walls,  especially  those  of 
the  glomeruli  j  there  tliey  grow  and  form  plugs  filling  the  capil¬ 
laries.  Occasionally  they  are  seen  in  masses  within  a  tubule,  to 
which  they  have  probably  gained  access  from  the  corresponding 
glomerulus.  They  are  carried  down  in  the  urine,  and  may  be  found 
tliere  during  life. 

When  an  arterial  bram^li  is  pluggcnl  with  an  (unbolus  containing 
organisms,  a  so-called  septic  in  Fared;  forms.  A  zone  of  suppuration 
may  form  at  the  margin,  leading  sometinu.^s  to  separation  of  the 
necrosed  tissue,  which,  may  aifteu'waaxls  imdcr'go  liejuefaction.  In  this 
way  abscesses  of  consi(lcra])lo  sjze  and  in  va.rions  stages  of  formation 
may  be  present.  .  . 

Occasionally  lnBmatog(,n,\ous  iidce'-tion  It'iads  to  localised  lesion  in 
one  kidney.  A  group  of  al)s(tesses  may  form  and  these  afterwards 
become  confluent,  resulting  in  what  has  l)een,  cialled  ‘  carbuncle  of 
the  kidney.'  The  condition,  wiiicjh  is  attended  by  pyrexia,  may  lead 
to,  a  perinephric  abscess  ;  it  may  be  treated  surgically  with  success. 
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(2)  As  lias  been  mentioned,  infection  by  coliform  bacilli  may  occur 
in  childhood  and  also  in  pregnancy  during  which,  the  atonic  state  of 
the  ureters  no  doubt  aids  the  establishment  of  infection  in  the  renal 
pelvis.  Lsually  no  primary  focus  of  infection  elsewhere  can  be  found. 
The  organisms  ma}’’  pass  into  the  tubules  and  pelms  or  may  be  arrested 
in  the  renal  capillaries  and  focal  suppurative  changes  follow.  The 
lesions  present  certain  differences  from  those  due  to  staphylococci ; 
they  are  usually  larger,  more  ill-defined  and  surrounded  by  irregular 
zones  of  congestion  (Fig.  516).  In  the  medulla  there  is  a  characteristic 
focal  streaking,  yellowish  elongated  abscesses  alternating  with  hyper- 
aenuc  zones  which  radiate  out  towards  the  cortex.  Spread  of  the 
cohforin  mfection  to  the  pelvis  nearly  always  takes  place,  resulting 
in  a  pyelo-?iephritis.  Later  there  may  occur  a  descending  infection 
with  involvement  of  the  bladder.  Blacklock  has  noted  that  the 
lesions  in  the  kidney  may  heal  and  give  rise  to  a  patchy  fibrosis  wdth 
resulting  irregularity  of  the  surface  of  the  organ.  This  is  more  fully 
considered  below. 

(B)  Ascending  Infection.  This  is  of  common  occurrence  in  cases 
of  septic  cystitis,  foUovfing  on  stricture,  enlarged  prostate,  calculus, 
etc.  So  long  as  the  ureters  are  not  dilated  and  the  valve-Hke  pro¬ 
tecting  mechanism  at  their  orifices  in  the  bladder  waU  is  normal, 
bacteria  do  not  readily  spread  up  the  ureters  from  the  bladder. 
When,  however,  the  ureters  are  dilated,  extension  becomes  greatly 
facilitated,  and  an  ascending  infection  may  be  traced.  The 
ureter  and  pelvis  of  the  kidney,  on  one  side  or  both  sides,  then 

become  the  seat  of  septic  inflam¬ 
mation.  Their  mucous  lining 
becomes  swollen  and  intensely 
congested,  it  is  often  the  seat  of 
hsemorrhages,  and  is  covered 
with  purulent  secretion.  If  the 
urine  is  alkaline,  there  may  be  a 
deposit  of  amorphous  phosphates 
in  the  pelvis,  and  not  infre¬ 
quently  there  is  ulceration.  Then 
the  kidney  substance  is  infected 
and  becomes  the  seat  of  abscesses. 
Sometimes  they  form  wedge- 
shaped  collections  in  the  pyramids 
and  other  groups  in  the  cortex, 
but  occasionally  they  may  be 
present  in  the  latter  without  any 
apparent  involvement  of  the 
medulla.  They  have  the  same 
general  characters  as  those  resulting  from  infection  by  the  blood.  Later, 
a  number  may  become  confluent,  and  form  larger  abscesses,  and 
the  kidney  may  become  riddled  with  these,  its  substance  being  largely 


Fig.  515. — Embolic  suppurative 
nephritis. 

Two  small  abscesses  are  shown  with  masses 
of  cocci  in  the  central  parts,  x  50. 
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ck^troyed.  The  term  ‘  surgical  kidney  ’  is  often  applied  to  the  con- 
dition  of  suppuration  in  the  kidney  which  is  the  result  of  an  ascend, 
ing  infection.  One  kidney  may  be  affected  alone,  or  both  mav  he 
involved  thougli  usually  in  unequal  degree.  A  similar  lesion  of  a 
kidney  may  occur  apart  from  an  ascending  infection,  namely  when  a 
calculus  forms  in  the  pelvis,  and  then  bacterial  infection  is  suner- 
added,  the  organiseis  reaching  the  pelvis  by  means  of  the  blood 
strea,m,  or  jiossddy  by  direct  extension  from  an  adjacent  loop  of 


When  tlie  kidney  is  tlie  seat  of  abscesses,  tlie  capsule 


.Kicj.  .nnO.  SurfacH'i  vitnv  of  oliilil’.s  Ivid 
noy,  sliovvin.u;-  (duirapU'rjHtd'o  o(’ 

pytdo-iHjpUriiiH  sinaJI  ahsctssHibs  and 
ad‘(Vi,s  of  liiPinoi’rluigo. 


may  sometimes 
bcxiome  involved  and  softened, 
a,.nd  thc^  l)acteria  may  extend  to  the 
surroundmg  tissue,  giving  rise  to  a 
pm  I  Kvp]  1  ric  abscess.  Occasionally 
one  kidney  may  be  completely 
desii-oycxl  by  suppuration,  which 
then  passes  into  a  quiescent  state  ; 
the  pus  becomes  inspissated  and 
s(),meljtn(.>s  lime  salts  are  deposited 
in  it,  while  the  connective  tissue 
a, round  becomes  greatly  thickened. 
Ultimately  the  appearance  is  not 
unlike  tha.t  se(ai  when  a  kidney  is 
denstroyod  by  (dironic  tuberculous 
dis(^a,sc  (p.  H{P2). 

JVlica’oscopic;  (^.\  ami  nation  shows 
tluit  tlK‘.  iideetion  of  the  kidney 
sul)s(.an(‘n,  usually  takes  place  by 
an  (^xUaision  ottlH^  organisms,  often 
bacilli  ot  the  c-olifonu  type,  within 
th(5  (H)ll(‘.eting  tubidcvs.  Some  writers 
thiidc  that  (extension  may  be  by 
th(^  lymphati(‘-s  from  the  diseased 


pelvis  ;  l)ut  wliile  suppuration  may 
extend  to  tlic  kidney  sub- 
stancie,  we  do  noli  think  that  al)s(H%sses  with,  the  cbaracteristic  dis- 
tebntion  are  prodinxMl  in  this  way.  Occasionally,  liowcver,  in  cases 
ot  septic  cystitis,  infection  of  the  kidneys  may 'occur  by  the  blood 
stream  ;  the  organisms  may  be  found  in  the  glomerular  capillaries, 
an  It  usual  evid(m(H5  of  an  ascemding  indammation  may  be 
an  sent. 


y  SPECIFIG  INFLAMMATIONS 

Tuberculosis.  Tuberculous  lesions  in  the  kidney  may  occur  as 
part  of  an  acute  miliary  tuberculosis,  or  may  be  the  result  of  a  localised 
or  metastatic  infection  by  a  small  number  of  bacilli,  which  often  leads 
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to  niucli  destruction  of  tlie  kidney  tissue  as  tke  result  of  a  progressive 
lesion.  In  the  former  condition  minute  grey  tubercles  may  form  in 
the  kidneys  in  var^^ing  numbers,  but  compared  with  those  in  other 
organs  they  are,  as  a  rule,  not  numerous.  They  are  irregularly  dis¬ 
tributed  throughout  the  organ,  sometimes  in  groups  apparently  related 
to  arterial  distribution.  Occasionally  they  resemble  minute  abscesses, 
but  the  hj^ersemic  zone,  usually  a  prominent  feature  in  the  latter,  is 
absent  or  little  marked.  In  the  cortex  they  are  roimded,  or  under 
the  capsule  somewhat  w^edge- shaped,  but  in  the  medulla  they  are 
oval  or  elongated  in  the  direction  of  the  medullary  rays.  At  an  early 
stage  tubercle  bacilh  may  sometimes  be  seen  within  the  glomerular 
capillaries,  and  from  them  they  may  pass  down  in  the  tubules,  and 
give  rise  to  tubercles  where  they  become  arrested.  In  some  cases  of 
less  acute  nature,  the  kidneA^s  may  present  a  few  tubercles  of  large 
size  mth  yellow  caseous  centres  or  aggregations  of  these. 

The  local  form  of  renal  tuberculosis  often  produces  extensive 
caseation  with  formation  of  cavities,  hence  it  used  to  be  called  renal 
phthisis.  Other  parts  of  the  urinary  and  genital  tract  may  become 
involved,  the  whole  affection  being  then  spoken  of  as  genUo-urinary 
tuberculosis.  In  the  majority  of  cases  of  urinary  tuberculosis  the 
primary  lesion  is  in  a  kidney,  and  from  it  the  disease  may  extend 
to  bladder,  prostate  and  veaieulae  seminales,  there  being  thus  a  descend¬ 
ing  infection.  Thence  the  disease  may  spread  along  a  vas  deferens, 
and  lead  to  enlargement  and  caseation  in  the  epididymis.  There 
has  been  considerable  controversy  about  ascending  infection  by  the 
ureter,  in  a  manner  comparable  with  what  occurs  in  septic  disease  of 
the  urinary  tract ;  there  now  seems  to  be  no  doubt  that  this  occurs. 
The  two  commonest  sites  of  metastatic  tuberculosis  in  the  male  genito¬ 
urinary  tract  are  undoubtedly  the  kidney  and  the  epididymis  ;  when 
the  latter  is  involved  the  disease  readily  spreads  to  the  base  of  the 
bladder,  producing  lesions  there  which  may  involve  the  orifices  of  the 
ureters.  The  upward  extension  along  the  ureters  is  favoured  by  any 
cause  which  produces  dilatation  of  the  ureters  ;  in  fact,  some  author¬ 
ities  doubt  if  it  occurs  apart  horn  such  dilatation.  In  the  female  the 
Fallopian  tube  takes  the  place  of  the  epididymis  in  the  male  as  regards 
frequency  of  metastatic  infection. 

The  lesion  in  the  kidney  is  produced  by  a  few  baciUi  carried  by 
the  blood  stream,  and  arrested  in  a  glomerulus  or  in  an  intertubular 
plexus.  The  initial  lesions  are  thus  mainly  cortical  in  distribution. 
One  or  more  tubercle  nodules  are  produced,  and  these  go  on  enlarging 
and  become  confluent,  while  smaller  nodules  are  formed  around  by 
Ijunphatic  extension,  and  also  by  spread  of  the  bacilli  in  the  tubules. 
In  some  cases  the  whole  kidney  substance  becomes  replaced  by  caseous 
material.  Ulceration  into  the  pelvis  readily  occurs,  and  the  caseous 
areas  undergo  excavation,  the  pelvis  becoming  infected  and  ulcerated 
— tuherctilous  pyelo-nephritis  (Fig.  517).  Sometimes  the  disease  is 
restricted  to  the  region  of  the  pelvis,  which  is  extensively  ulcerated 
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fuu!  .siiiToimdcd  l»y  a,  (aisccms  liu-ca-  L  l,v  .  t 

Micati,,g  the  result,  of  an  ..e.^uling  ini;.d:i,,n:;b;d-, 


■  (’‘<s<'ai,iiif;  (.uherc.uloHiM  of  kidiun'. 

Ilw  Ifsio.is  ar..  («p(«hUly,aro,ni,|  U.<mk'1v1«  Uil,.Tnil„„.s  Dvolo-Mn'ilinli.  ,  ,  , 
nro  IWMIII.  alsd  hi  Uio  kiclmiy  miliHtarion. x  j  ' 

result  Will  1)0  |)ro(lue,>(l  if  t.l.e  pnma.ry  lo.sion  oeen.-.s  in  tlx-  aia-v  nf  o 
l.yra.uxl.  The  e<.iT<-s,.,)n<li„g  nret,.-,;  usuaJly  show.s  marked  tuherndous 

lesions.  Its  wall  is  thiekened  and 
a()(lular,.itus  Ihuw^  is  iilm:atc(l  and 
d,s  hunen  may  contain  caseous  pus. 
Wiien,  as  i.s  not  infrequontly  the 
ease,  tlu-re  is  obstruction' below,  con- 
sidei’iible  dikitation  may  occur.  In 
some  cases  tire  ureter  may  become 
permanently  obstructed  at  an  early 
lieriod  of  the  disease,  and.  this  some- 
tiimes  lias  a  favourable  efiect  in 
localising  tbc  inihetion.  The  affected 
kidnoy  may  be  completely  destroyed 
and  tJien  the  caseous  material  may 
:  become  inspissated  and  the  seat  of 
calcification.  The  cap, side  undergoes 
great  tluckcming  and  the  whole  organ 
becomes  shrunken,  its  substance 
*‘<‘1  >l*''<‘ed  by  collections  of 
lua.  r>l8.—.01d  tuborculosis  of  H'lek  pntty-like  substance  (Fiff  5181 
kidiioy;  Its  substance  has  boon  Hueli  a  l-kln,.,,  rn  ^ 
replaced  by  oolloctions  of  caseous  /  ,  ,  of  effete 

material  enclosed  by  fibrous  ''Obcu'culosiM,  may  bo  occasionally 
issue.  X  found  prwf  mortem  where  there  was 

Hll,)Sj)i(U()]l  tluit  fliHV’  clisCclSG  of 

craeYy  surcSar'''*"’^'’  I'Z  '■'■oooe  shows  the  Jossibility  of 

■  In  tuberculous  disease  of  the  kidney  the  uHne  is  usually  turbid 
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owing  to  tlie  presence  of  pus,  the  cells  of  which  are  more  or  less  degener¬ 
ated,  arid  sometimes  the  piis  is  abundant.  Tubercle  bacilli  are  usually 
to  be  found  on  microscopic  examination,  though  sometimes  the}^  are 
very  scanty  and  a  long  search  may  be  necessary.  It  must  be  noted, 
however,  that  when  the  ureter  of  the  affected  kidney  is  blocked  or 
obhterated,  the  discharge  of  material  from  the  caseous  areas  is  pre¬ 
vented,  and  no  change  may  be  present  .in  the  urine.  In  cases  of 
tuberculous  disease  of  the  urinary  tract,  secondary  infection  with 
coHform  or  other  organisms  is  not  uncommon,  and  septic  inflammation 
may  be  superadded  ;  the  condition  is  then  greatly  aggravated.  Hsema- 
turia  also  is  sometimes  a  distinct  feature,  especia,Uy  in  the  early  st.ages 
of  the  disease,  and  may  be  the  first  pointer  to  the  infection. 

Syphilis .  In  the  congenital  form,  spirochsetes  are  to  be  found 
in  the  kidneys,  and  sometimes  areas  of  leucocytic  infiltration  and 
connective  tissue  proliferation  may  be  present.  Such  lesions,  which 
are  much  less  common  than  those  in  the  liver  and  pancreas,  may 
give  rise  to  fibrosis  at  a  later  period.  In  the  acquired  form  gummata 
are  very  rare,  and  although  fibrotic  lesions  probably  occur  just  as  in 
other  organs,  we  have  no  means  of  recognising  them  with  certainty. 
Some  writers  believe  that  a  form  of  granular  contracted  kidney 
may  be  produced  by  syphihs,  and  that  the  contracted  amyloid  kid¬ 
ney  especially  is  of  this  nature.  A  form  of  nephritis  accompanied 
by  extensive  lipoid  degeneration  of  the  tubules  has  been  described  in 
the  secondary  stage,  but  it  is  not  clear  whether  this  lesion  is  due  to 
syphilis  or  possibly  to  treatment  with  arsenical  or  mercurial  compounds. 

Actinomycosis  rarely  occurs  in  the  kidneys  ;  the  lesions  are  of  the 
usual  type. 


Fig.  518  (a). — Renal  tubule,  showing  intranuclear  and  cytoplasmic  inclusion 
bodies  in  the  lining  cells  in  inclusion  body  disease  of  infants.  X  400. 
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Ho, In  of  Infant,.  I,,  lu-w-l,,,,,!  i„(a,,,ts  ,lvi,„r 

dyniK  from  vanou.s  (.vu.so.s,  tfio  jriia,!  tuhnlo  ocHk,  a.ul  other  enSi 
iDohuliiiir  Muit  ol  (f.o  .safivary  Kla.iul.s,  may  contain  huym  intraliucle^ 
:  ir'  ';>'''<Tla.sm.c_,,mlnsion  Ik, .lies  (Kif..  hiS  („))  which,  are  morphologic 
all.v  Khahacal  whfi,  th„«,  1„„,hI  in  ,safiva,ry  ela.n.l  virus  disease'"  of 
huinea,  ,„ks,  monkeys,  etc.  We  h«.|ievm  that  (,hes(,  lesions  a, re  probably 
due  to  I, he  dissemination  of  a  hmna,n  steiin  of  saliva, ry  inland  viruj 
whieh.  nuiy  oeeur  m  lUero,  but  the  rela.tion  of  this  infection  to  the 
accompa,nymg  jaundice  or  erythrohla.st.osis  is  obse.nrc.  The  disease 
appears  to  he  rarer  in  ()r,>a,t  Brita,in  |,ha,n  in  Lurope  or  AmorW. 

J. 

CoN-QKNrrAL  CysTic  Kidneys 

enlarged  and  occupied  by 
numerous  cysts  of  various  sizes,  whilst  little  kidney  substance  may 


Fio.  510.-- -Surface  view  of  congenital  cystic  kidney. 
The  Udnoy  was  1,500  g.  (SO  02.)  In  weight. 


be  recognisable  between  the  cysts.  This  condition  arises  in  the 
foetus,  and  the  kidneys  may  be  so  large  as  to  interfere  with  parturition. 
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Death  may  follow  at  an  early  period,  but  sometimes  there  is  surTival 
to  late  adult  life,  even  where  the  lesion  is  of  marked  degree.  Each 
kidney  may  weigh  1  kg.  (two  ijoiiiids)  or  even  more  (Fig.  519).  The 
cysts  may  be  of  an}"  size,  up  to  4-6  cm.  diameter,  and  they  contain 
usually  serous  fluid,  though  it  may  be  mucoid,  especially  in  the 
smaller  cysts  ;  the  fluid  is  colourless,  or  may  present  variable  degrees 
of  brownish  staining.  Occasionally  the  cystic  condition  is  practically 
restricted  to  one  kidney.  The  condition  is  apparently  the  result  of 
disturbance  of  the  normal  development  of  the  organs.  A  view  which 
has  received  considerable  support  is  that  it  is  due  to  imperfect  fusion 
between  the  kidney  tubules  proper  and  the  collecting  tubules,  which 
grow  up  from  the  extremity  of  the  ureter  to  meet  them.  With  regard 
to  the  cause  of  this  disturbance,  we  have  no  definite  knowledge.  It 
is  notew-orthy,  however,  that  the  c^^stic  state  of  the  kidneys  may  be 
associated  with  a  smiilar  condition  in  the  hver,  and  sometimes  with 
other  abnormahties.  There  is  no  evidence  that  obstruction  of  the 
tubules  by  a  chronic  inflammatory  process  is  concerned  in  the  produc¬ 
tion  of  cystic  kidneys,  as  w"as  at  one  time  supposed.  We  have  given 
an  account  of  the  disease  in  its  extreme  form,  in  which  there  is  Httle 
kidney  tissue  to  be  seen  ;  but  all  degrees  may  be  met  with.  In  some 
cases  a  considerable  number  of  isolated  cysts  are  scattered  in  the 
kidney  substance,  or  there  may  be  a  few  cysts  of  larger  size,  and  it 
is  likely  that  the  abnormality  in  development,  which  hi  its  extreme 
form  leads  to  cystic  kidneys,  is  not  uncommon  in  a  minor  degree. 

Occasionally  a  single  cyst  is  present  and  may  reach  such  a  size 
as  to  be  palpable  during  life.  The  effects  are  merely  mechanical. 

The  effects  of  cystic  disease  vary,  of  course,  according  to  the 
amount  of  kidney  substance  which  survives.  In  adults,  the  presence 
of  cystic  kidneys  is  attended  as  a  rule  by  a  certain  amount  of  hyper¬ 
trophy  of  the  heart  as  a  result  of  progressive  hypertension.  In  the 
severer  forms  of  the  lesion  death  occurs  early  as  a  rule,  commonly  from 
renal  failure  wdth  uraemia  under  the  age  of  forty,  but  where  life 
had  been  prolonged  till  after  the  age  of  forty,  death  may  be  due 
to  uraemia,  to  heart  failure  following  hypertrophy  from  high  blood 
pressure,  or,  less  commonly,  to  cerebral  hsemorrhage. 


TUMOUES 

Simple  tumours  of  the  kidney  are  comparatively  rare,  the  com¬ 
monest  being  a  small  j^6roma  in  the  medulla  ;  it  rarely  reaches  a  large 
size.  Adenoma  occasionally  occurs,  and  a  somewhat  characteristic 
type  is  one  with  narrow  bands  of  stroma  and  papilliform  ingrowths 
(Fig.  520).  Such  a  growth  is  usually  quite  simple,  but  we  have  seen 
malignant  disease  with  metastases  take  origin  in  it.  Lipoma  is  rare 
as  a  renal  growth.  In  the  pelvis  villom  papilloma  is  sometimes  met 
with ;  it  corresponds  in  structure  to  the  common  papilloma  of  the 
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hliuklcT  Mild  i,s  .sonudiau's  Mssoaiatcd  wiEi  i(,.  Angioma  i.s  another 
.snuplo  (.niiiour  oc.n.sioaally  nud  vGtl,.  It  may  occur  in  tlie  pyramids 
or  just  undcniealii  iiic  lining  of  the  j.elvis  aiul,  even  when  of  siiiaU 

Size,  may  lead  to  s(^v(M*e  iueiiiaituria. 

Of  the  malignanl  growths,  two  are  of  considerable  importance 
on  account  of  their  relative  frcpiency.  One  occurs  in  the  later  years 
ol  ld<>,  beng  (a.miiioiKT  in  men,  and  is  often  called  Grawitz’s  tumour 
or  hinHoiwphroma,  but,  the  lattm-  name  i.s  based  on  a  fallacious  view 
ol  lbs  origin  Iroiii  adrenal  re.sl.s  and  it  would  be  bettca-  to  refer  to  it 
as  a  va,rie(,y  of  ivnal  ca.rciiioma,,  e.g.  clear-cell  cai-cinoma,  from  its 
aiipearance  m  i.aralliii  sisdions.  Tin-  other  i.s  a  mixed  tumour  or 


7wphrobladowa.  which  is  met  wilfi  in  e.liildren  and  k  of  congenital 

origin. 

(d-awiiz\s  tumour  is  ofU'n  of  (U)nsid(‘ral)lc  size  and  may  ociuasionally 
loi'in  an  enormous  mass,  it  may  ocour  in  any  part  of  the  kidney 
and  is  not  eommoiua-  at  tlu^  uppen*  poh^  than,  cisewliein.  0,u  section, 
tluTo^  ar(‘,  us'ual!y  .larger  aj*eas  of  dull  yc^Ilowish.  tissiu^  (prcbsenting  a 
certain  resemblamu'.  to  adrcmal  c.oit('x),  intersj)ersed  with  very 
vascular  and  .luemoirhaigif^  areas,  wliilst  t,h(‘r(^  arc^.  also  broad  bands, 
and  pateJubs  o:l  eonmndivc^  iissia^  somewhat  nuuioid  or  translucent  in 
i^pearance  (hig.  5:21).  .Altliough.  a  (buwitz  tumour  may  be  in  the 
lorm  of  an  apparently  (aiea])sulated  nodule  like  a  simple  tumour,  it 
s.h.ows  distinctly  malignant  characters.  It  eojnin(,)nly  grows  into  the 
tributaries  of  tlio  renal  vein  and  forms  thrombus-like  masses  within 
them ;  secondary  growths  may  follow,  cspcHually  in  the  lungs  and 
lones*  It  may  also  burst  through  the  capsule  of  the  kidney  or  into 
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the  pelvis.  Hiematiiria  is  of  common  occurrence  and  often  a  prominent 
sjmptofn. 

On  Microscopic  Examikation,  such  a  tumour  haSj  as  a  rule,  a 
distinctly  acinous  arrangement  in  many  parts,  the  spaces  hemg  lined 
by  tall  columnar  epithelial  cells,  which  usually  contain  abundant 
droplets  of  doubly  refi’acting  fat  and  glycogen  (Eig.  522) ;  a  papilli¬ 
form  type  of  growth  also  is  sometimes  present.  Between  the  acini  is 
a  fine  connective  tissue  stroma  which  bears  numerous  blood  vessels. 
In  certain  parts  the  arrangement  of  the  epithelium  is  of  the  solid 
type  ;  it  may  become  more  irregular  and  aberrant  types  of  ceHs  occur.  ■ 


Fig.  521. — Clear-cell  carcinoma  growing 
from  central  part  of  kidney,  x 


The  natiu’e  of  this  growth  has  been 
the  subject  of  much  dispute.  According 
to  Grawitz’s  view  it  arose  from  portions 
cjf  displaced  adrenal  tissue  ;  this  was 


Fig.  522. — Section  of  Grawitz  tumour, 
showing  the  characteristic  large 
clear  cells  and  delicate  vascular 
stroma,  x  200. 


based  on  the  supposed  resemblance  between  its  cells  and  those  of  the  cortex  of  the 
adrenal,  especially  as  regards  the  presence  of  myelin  and  glycogen  and  the  general 
yellow  appearance  of  the  growth.  It  has,  of  course,  been  long  recognised  that 
displaced  portions  of  adrenal  tissue  are  not  uncommonly  present  on  the  surface 
of  the  kidney  and  even  within  the  capsule.  Aga:inst  this  view,  however,  is  the 
fact  that  such  adrenal  rests  occur  in  other  parts,  e.g.  along  the  ureter,  on  the 
surface  of  the  testicle,  sometimes  in  hernial  sacs  in  children  ;  whereas  the  ‘  hyper¬ 
nephroma  *  occurs  only  in  the  kidney,  and  a  similar  growdh  is  not  met  with  in 
the  adrenal  itself.  The  other  view  is  that  it  is  really  of  kidney  origin,  and  this 
seems  to  us  to  be  better  supported  by  the  facts.  ,  The  tumour  may  arise  in  any 
part  of  the  kidney,  in  the  substance  or  on  the  surface,  and  its  cells  are  arranged 
so  as  to  form  distinct  acini,  an  arrangement  quit©  unlike  the  trabecular  arrange¬ 
ment  of  the  adrenal  cortex.  Further,  it  is  to  be  noted  that  the  functional 
effects  of  tumours  of  the  adrenal  cortex  (p.  1054)  are  not  found  in  cases  of  *  hyper- 
nephromata.’  It  may  be  mentioned  also  that  in  minute  cysts  in  the  kidney, 
which  are  not  uncommon  in  the  later  years  of  life,  the  epithelium  may  come  to 
contain  myelin,  and  resemble  that  in  the  ‘hypernephroma!;  and  it  is  quite 
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l|k,.ly  l.hal,  tlio  (.uinoui-  arises  (i-ori,  s.icli  all, red  <,pi(  iKdini,,  (Sliaw  Duiml  TI 
<l,'.s,:n,da„M  K.yen  aj,|,li,.s  („  1,1, e  vve  e„„si,le,.  tlu.l,  IhoeevideMe 

'  ■"  . 'f  ^'"<1  ‘La,l.  i(.  slaad.l  he  ..e«a,-de,l,  as  a  renal 

(•lowM,  and  named  aecnrdingly,  Ind  a,  siul.a.hle  shnri.  na.mo  lias  uol,  boon  devised. 

Nd'plrobla.^ihmm,  which  i.s  rc.ally  a  mixed  tumour,  has  the  general 
appearances  o(:  a  rapidly  growing  .sarcoma.  It  may  reach  a  We 
size  and,  though  hurly  well  enelo.sed  witliin  the  kidney  capsule 
rapidly  inva.dos  blm  blood  .stream  by  the  veins  and  so  produces  Lta- 
sta.se.s,  chiclly  _in  the  lung.s.  It  is  met  with  e,spooially  in  the  first 
three  years  of  life.  It  is  known  also  as  ‘  cvmbryoma,’  ‘  mixed  tumour  ’ 
or  ‘  Wilms’  tumour  ’  of  the  kidnoy.  It  is  one  of  the  commoneLTal. 
iiaiit  growths  in  childhood.  ^ 


523.--^Nei)liiT)blaBtoiiii^  showin^^  c.oUular  tiiBsuo  with  foririaiioii  of  acini 
by  (^(.iUb.  X  2o(). 


Microscopically,  the  growth  is  in  parts  composed  of  a  spindle- 
cell  tissne,  whilst  in  other  areas  there  is  formation  of  acinous  and 
tubular  structures,  and  apparent  transitions  may  be  seen  between 
the  spindle-cells  and  those  of  epithelial  type  (Fig.  523).  There  may 
be  also  imperfect  formation  of  glomeruli.  The  growth  was  formerly 
often  described  as  adono-sarcoma,  but  there  is  little  doubt  that  it  is 
deriv'ed  from  the  cells  of  tlic  kidiu^y  rudiment,  and  that  it  represents 
imperfect  formaition  of  .kidiic^y  stinic-tmx^  Jn  some  instances  the 
growth  has  a  rn ore  complicated  structure,  striped  muscle  fibres  being 
present,  arid  in  such  cases  the  tumour  itiay  have  originated  from 
cells  of  the  mesoderm  before  the  differentiation  of  the  myotomes.  In 
view,  however,  of  wliat  has  recently  beeji  established  with  regard  to 
the  part  played, by  organisers  in  ontogeny,  the  explanation  may  be 
of  another  nature* 
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Adeyio -carcinomata  and  sarcomata  of  ordinary  t^^pes  occasionaHj 
take  origin  in  tlie  kidney  and  papillary  adeiio- carcinoma  may  arise 
in  the  renal  pelvis.  Recently  we  have  studied  two  renal  caremomata 
in  which  the  cjdoplasm  of  the  tumour  cells  contained  large  homo¬ 
geneous  acidophil  inclusions  of  obscure  natm^e.  Secondary  growths 
occur,  e.g.  in  bronchial  carcmoma,  but,  on  the  whole,  are  not  common. 


RENAL  PELYES,  URETERS,  AND  BLADDER 

It  is  convenient  to  consider  the  lesions  of  these  structures  together, 
as  they  are  so  often  involved  in  the  same  pathological  process.  Three 
main  factors  are  concerned  in  the  majority  of  these  lesions,  viz, 
{a)  obstruction  to  urinary  flow,  (h)  infective  inflammation,  and  (c)  the 
formation  of  calculi  ;  and  two  or  even  all  three  of  these  may  be  present 
at  the  same  time.  We  shall  first  consider  the  mechanical  effects  of 
obstruction. 

Effects  of  Obstruction 

Obstruction  to  outflow  of  urine  from  the  bladder  is  practically 
confined  to  the  male  sex,  and  is  commonly  produced  by  stricture  of 
the  urethra  or  enlargement  of  the  prostate ;  occasionally  by  severe 
phimosis,  tumour,  or  calculus.  The  chief  effect  on  the  bladder  is  the 
production  of  hypertrophy  and  dilatation,  and  the  proportion  of  these 
varies  much  in  different  cases.  Sometimes  the  outstanding  feature 
is  hypertrophy ;  the  muscular  part  of  the  waU  is  thickened  and  the 
bands  of  muscle,  which  have  a  sort  of  reticulated  arrangement  under 
the  mucosa,  become  enlarged  and  form  prominent  ridges  or  bands  wdth 
depressions  between  (Eig.  573).  Occasionally  one  of  these  depressions 
may  become  enlarged  and  form  a  projecting  diverticulum  which  may 
reach  a  considerable  size.  When  iDfection  occurs,  as  is  so  often  the 
case,  a  large  accumulation  of  purulent  material  may  form  in  such  a 
diverticulum,  and  occasionally  ulceration  and  even  perforation  may 
follow.  Obstruction  to  outflow  from  the  bladder  ultimately  leads  to 
accumulation  of  urine  also  in  the  ureters  and  pelves  of  the  kidneys. 
The  former  may  undergo  considerable  dilatation  and  their  walls  become 
somewhat  thickened,  and  the  pelves  also  become  enlarged,  so  that 
there  is  a  condition  of  double  hydronephrosis.  The  dilatation  is 
sometimes  more  marked  on  one  side  than  on  the  other. 

^  Hydronephrosis.  This  means  a  dilatation  of  the  renal  pelvis 
and  may  occur  on  one  side  or  both  sides.  In  addition  to  obstruction 
at  the  outlet  of  the  bladder,  as  just  described,  double  hydronephrosis 
is  occasionally  produced  by  a  growth,  e.g.  of  the  bladder  or  female 
pelvic  organs,  pressing  on  or  implicating  the  lower  ends  of  the  ureters. 
Occasionally  dilatation  of  the  ureters  and  hydronephrosis  are  due  to 
congenital  abnormality  in  the  posterior  urethra,  the  mucosa  of  which 
forms  valve-like  folds;  the  resulting  renal  atrophy  may  be  accom- 


f)a,!iR‘.(i  by  ivmil  dwadi^  (d.  <S4-5)  In  ‘ill  Hu.a  in- 

wiuMi  the  ()bst.rii(:ti()ii  is  iniilafrnd,  and  this  nnv  I 

<^aM,s,ss.  rt  :,uay  Ik-  .Iu<>  t<,  whiVli,  i,s  oft<  ,  imi'l.iC.rTr 

<‘11(1  of  thc<  ureter,  tlion.T|i,  sometimes  ..f  ..1  i  '  ,  *^6 

<•*  tlio  <‘nt.-a,nee  t<.  tl„>  bladde,-'.  It  y  1h>  ri,  kIo  ‘(’I'd  I  ’ 

wi.i<<h  .nnetfou.  fV,ll,,ws 

also  by  pixNssiiro  of  a  orowtli  from  ontsidfv  v^,vn]^  i  ^  ; 

. . . 

al)Morni;i.||y  .level  to 

_  *'“■  l>‘‘lvi,s,  so  (aiud,  it  .loaves 

it  at  an,  a,(!ute  angle,  and  a 
valve.-lik(^  obstruction  re- 
Hiilts.  Sniili  a  condition 
may  bo  <d;tended  by  inter- 
mi(it(!nt  aecunmiation  of 
ii  r  i  n  c  ,  and  ultimately 
i>i.  a.  r  k  0  d  liydronephrosis 
ma,y  (kwclo]).  Hyclro- 
n(^[)lifosis  may  result  when 
tlie  ureter  lias  been  bent 
over  a  branch  of  the  renal 
artery  in  an  abnormal 
»  position,  a.nd  we  .have 

found  tills  to  be  a,  rather 
frequent  eause  of  hydro- 
mqihrosis  (hig.  524).  It 
~  Q.  has  also  been  oeeasionaUy, 
though  rarely,  met  with 
when  the  kidney  has  been 
^  ..  '*1  abnormal  position. 

Fw.  524..---Hy(ln),i(,|,hiu.siH,  showing  ureter  (a)  cast's  there  is  pro- 

hookeil  rouiul  renal  artery,  x  i-  imnncod  stricture  at  the 

wliib‘  in  oAtm/-  -n  •  *  111 

im  u  '  u  Ji  u" 

no  caUiM,  oj.  tln^.  i^tricl.un^  is  discovc^rable. 

IH'  lin!d v?n!’^"  'f  f  K'vatly.  Hometimes  a  calculus  may 

(Ki<  5-  51  ,  T  ‘  1  ‘f  ‘  distension  of  the  pelvis 

•  nn  w  <''<>«^'ly  applied,  tbongb,  tills  is  more 

iZ  is  i.T  ]  '  r  r  I*''  (P-  «7:{).  .1,1  sueh  cases, 

fubsZee  r  Ze  kidney 

mav  JZ®  ovc^r  the  dilated  pelvis,  and  ultimately 

a  meie  iind ,  tlie  surfacxi  of  the  kidney  usually  comes  to 
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have  a  lohulated  appearance.  Atrophy  of  the  kidney  suhstanoe  may 
be  regular  or  irregular,  so  that  parts  of  considerable  thickness  may 
be  left  while  the  rest  is  much  thinned  ;  the  latter  result  apparently 
depends  on  the  way  in  which  the  vascular  supply  is  interfered  with. 
Sometimes,  however,  the  dilatation  is  mainly  in  the  form  of  a  sac 
projecting  outwards  and  there  is  little  effect  on  the  kidney  substance — 
the  extra-renal  as  contrasted  mth  the  renal  type  of  hydronephrosis. 

The  results  of  experimental  obstruction  of  a  ureter  vary  somewhat, 
but,  as  a  rule,  it  has  been  found  that  excretion  of  urine  is  soon  brought 
to  a  standstill  and  comparatively  little  dilatation  foEows,  and  the 
explanation  generally  given  of  severe  hydronephrosis  in  the  human 
subject  is  that  it  occurs  when  the  obstruction  is  intermittent.  When 
the  obstruction  is  reheved,  e.g.  by  a  calculus  changing  its  position, 
there  results  a  great  flow  of 
urine,  and  if  the  obstruction 
becomes  partial  again,  this 
will  lead  to  further  expansion. 

It  is  easy  to  understand, 
therefore,  how  such  an  occur¬ 
rence,  often  repeated,  may 
bring  about  great  distension. 

It  must  be  understood,  how¬ 
ever,  that  not  infrequently 
great  hydronephrosis  is  associ¬ 
ated  with  complete  obstruction 
and,  it  may  be,  obliteration 
of  the  ureter;  in  such  a  case 
obstruction  may  have  been 
intermittent  at  some  time. 

When  the  kidney  becomes 
stretched  and  thinned,  the 
tubules,  and  ultimately  the 
glomeruli,  become  atrophied, 
and  there  ensues  general  overgrowth  of  the  connective  tissue.  The 
contents  of  a  dilated  pelvis  are,  of  course,  at  first  urine  ;  but,  as  the 
condition  becomes  chronic,  the  urinary  constituents  disappear,  whilst 
proteins  are  added  to  the  fluid  by  transudation  from  the  wall  of 
the  sac. 


Fig.  525- — Impacted  branched  calculus 
in  renal  pelvis  with  resulting  hydro¬ 
nephrosis  and  great  fibrous  thickening. 
X 


Inflammatory  Conditions 

It  is  important  to  distinguish  those  which  are  superadded  to 
obstruction  and  those  which  occur  apart  from  it. 

(A)  Inflammation  without  Obstruction.  This  is  produced 

chiefly  by  bacilli  of  the  coliforin  group  and  varies  greatly  in  severity. 
In  the  female,  mf ection  along  the  short  urethra  is  comparatively 
common,  both  in  children  and  in  adults,  but  we  are  doubtful  if 
tliis  occurs  m  the  male,  apart  from  gonorrhoeal  mfection  or  the  passing 
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oI  a  catheter.  Blood-home  infection,  liowevei'  i.s  the  ee 
occurrence  and  in  the  sreat,  rnajoritj-  of  inaLuurs  tl,;  nrinniTsirf 
lesion  IS  the.  r(am,l  pelvis  or  (he  suhshun.e  of  th,^  kidney  Tn  11 
cases  cystitis  ,,s  (he  primary  lesion,  and  from  this  then: may  be  an 
ascending  ndecOon  to  the  pelvis  of  (he  kidney,  l,nt  we  hidirl  th  r 
tins  is  c.xeeptional,  unless  (here  is  a.t  liu'  same'tlm,.  •  i 
fculins  t«.  .liSbIio,,  „r  »  ""  »'»‘™olion 

tvfili"  I"'-  I"IIS  I'lVii  „  TOn.Iiti,,,,  „i,j,  ,11  . 

IcatiiK's.  It  IS  conunon  in  children  in  the  (>arly  years  of  life  -dtl^r,  i, 

l>i'('ha.hly  on  aceonnt  of  the 
<lila.(ii,l,ion  and  atony  which 
V..  ^■'■eters  and 

£''^  '  I'.V  marked  pyrexia 

colilorm  organisms;  and 
ease,  it  is 

■'  very  anienahlo  to 

t'l-catmeid,  vvliieh.  render, s  the 
More  re- 
(*onu^  to  be 
-y'  iv<.)^nis(Ml  (,ha,t  in  th(^  great 
‘  ol^aises  the  kidney 

involved,  the 

,  i  .  eondiiion  being  in  fact 

tin.  521).  Irn'Kolarly  con  Id-acOMl  kl<ln(>v  Py^^ioJU^phritis.  (b’idin  for 

^lu^r'un,  ':iil:::['’';:i':'r  Jm.s  fomui  tiuit  in 

<T(Mia(,o((  )i,|i])(ianuii'e.  '.I’Ik'iv,  is  very  si'vi-re  <',llil((ren  ])y(>litis  with  Jiyuria 
luhulnr  (lestnietioa.  >; -i.y  '  '«  OMi'idly  sceondary  to'fooal 

noaUi  roHuitiui  cnii,,  nsi.ii  liiiiii™.  in  (laminations  in  the  kidney 

Tn  ,„„  1,“,“;;'“;;;,  srilf 

doiy  (.liar.u,!,  , .  Smh  (haiw>s  arc  onliimrily  followed  hy  overgrowth 
of  (  mnectiye  tissue  whieli,  n.a,y  he  pa,te.hy  or  more  incrallnra 
condition  of  chronic  (lyidoucphritis  may  thus  result 

sun  msT"  ’■'  was  formerly 

mmir  td  type  of 

Both  kidn  '  »i<>fc  irrogular  scarring  may  result. 

Both  kid  wys  may  be  affecl.ed,  one  often  more  than  the  other  or 

are  Xn'dillZ  >>«  "'“hitcral.  The  pelves  of  the  affected  orgkns 
the  real  mitat  '  sometimes  tlu^  ur(‘ters,  and  (his  may  indicate 

ill  1  «>i'<htion  in  some  contracted  kidney, s.  The 

hli  •^iV’'r'7’‘‘''  whie.li  affects  secondarily 

hoth  glomoruh  and  tubules  in  a.u  irregular  way. 


V.;-.  f-A:  '> 
'-If 


10.  .>L(>.  Im'p:nlti,rly  <*on Id'acf.iMl  kidiu'v 

in,  phroiiK^  j)y(^Ioti,(‘|)hril,)s.  'riia  ca.nsuhu- 
Hpac(iH  un^  (lilaid'd  a.nd  eohh^  }ia,v<^  a, 
(‘roua,(,(Hl  ajipand'maHL  ''.riKM’o  is  xTa-y  sina'n'i 

(dibular  <l(hstruc,l.ion.  x  .ja. 

Dpjil.h  rPHuU.pd,  irom  nauil  (hiluriL 
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Tlie  importance  of  such  lesions  lies  in  the  serious  functional  results 
which  may  follow.  Iiivolvemeiit  of  glomeruli  and  tubules  leads  to 
urea  retention  and  the  patient  may  die  from  uraemia.  Hypertension 
appears  and  this  may  be  of  marked  degree  and  assiiiiie  the  characters 
of  the  malignant  type  with  the  usual  change^in  the  arterial  system. 
In  fact,  we  may  say  that  a  type  of  maMgnant  nephrosclerosis  may  be 
the  result  of  damage  done  to  the  kidney  by  p^^elonephritis. 

The  urinary  tract  is  not  infrequently  infected  from  the  kidney 
by  typhoid  bacilli  in  the  course  of  enteric  fewer.  Usually  only  a 
mild  catarrhal  inflammation  is  the  result,  and  the  condition  may  be 
almost  a  pure  bacilluria.  The  bacilli  may  persist  for  an  indefinite 
period  of  time,  the  patient  being  then  spoken  of  as  a  *'  urinary  carrier  ’ 
(p.  596)  ;  the  estabhshment  of  the  carrier  state  is  facilitated  by  almost 
any  anatomical  abnorinahty  in  the  urinary  tract.  In  some  cases  of 
coliform  infection  also,  there  may  be  comparatively  little  inflammatory 
reaction.  Cystitis  may  be  produced  by  the  gonococcus  in  cases  of 
gonorrhoea,  and  has  usually  the  features  of  a  purulent  catarrh.  It 
is  to  be  noted  that  bacflli  of  the  coli  group  and  the  gonococcus  do  not 
render  the  urine  afkaline. 

Inflammation  with  Obstruction.  When  cystitis  follows  an 
obstructive  lesion  the  effects  are  of  a  more  serious  kind.  Here  also 
infection  may  be  by  the  blood  stream,  usually  by  organisms  of  the  coli 
group  ;  but  in  many  cases  it  is  the  result  of  the  passage  of  a  catheter, 
for  example,  in  cases  of  chronic  stricture,  enlarged  prostate,  also  in 
paraplegia  with  paralytic  distension  of  the  bladder.  A  variety  of 
organisms — micrococci,  bacilli  of  the  coh  and  proteus  groups,  etc., 
and  even  moulds — may  then  be  present.  Alkaline  decomposition 
of  the  urine,  which  may  be  due  to  various  bacteria  but  especially  the 
proteus  group,  often  results,  and  may  lead  to  a  precipitation  of  triple 
phosphates  and  urate  of  ammonium. 

Ail  these  inflammatory  conditions  present  the  usual  features, 
and  may  he  attended  by  hsematuria  in  varying  degree.  As  regards 
the  morbid  anatomical  changes  in  cystitis,  these  are  usually  classified 
as  {a)  catarrhal,  (b)  purulent,  and  (c)  psendo-membranous.  In  the  last 
mentioned,  which  is  chiefly  met  with  when  there  is  hypertrophy  of  the 
bladder,  there  occurs  superficial  necrosis  of  the  mucosa  with  fibrinous 
exudate,  especially  over  the  muscular  ridges.  In  some  cases  even  a 
gangrenous  condition  may  be  superadded,  and  the  lining  of  the  viscus 
becomes  separated  in  decomposing  shreds.  The  most  severe  effects 
are  usually  met  with  where  there  is  alkafine  decomposition  of  the 
urine.  Haemorrhages  into  the  mucosa  are  common,  and  these  may 
become  of  a  greenish  and  almost  black  colour,  whilst  the  surface  is 
covered  with  pus  and  often  considerable  deposit  of  phosphates.  Such 
an  infection  may  ascend  the  dilated  ureters,  and  produce  a  pyelitis 
of  corresponding  character,  and  the  pelvis  may  become  ulcerated  or 
filled  with  an  accumulation  of  pus — -pyonephrosis.  Here  also  secondary 
deposit  of  phosphates  may  occur.  Ultimately,  the  infection  may 

■'  F  F*  ' 
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extend  to  the  kidneys  and  give  rise  to  abscesses  in  their  substanoe— 
the  ‘surgical  kidney ’(p.  85!.).  Often  only  one  pelvis  is  affected  in 
de^el*^^’  pelves  may  be  involved,  although  in  an  unequal 

_  Pyonephrosis  also  arises  when  a  hydro.uq.Iirosis  due  to  a  calculus 
in  the  renal  pelvis  lieeomes  inleelud.  The  presence  of  a  renal  calculus 
seems  to  predisposi'  tlu'  pelvis  In  inlei^.ion,  and  when  this  leads  to 
alkaline  ileeomposition  of  the  urine,  phosphates  are  precipitated  in  the 
di  nted  pelvis  a, nd  enlyeesand  partiei.lnrly  on  the  pre-e.xisting  calculus 
wiieh  develops  into  an  irregular  hrnnehing  mass  with,  hiilhous  ends 
extending  into  the  eafyees,  the  whole  .forming  a  rough  east  of  the 
pyonephrotie  sac.  This  is  kiunvn  a,s  the  Mnglwm  calculus.  '  ' 

Malakoplakia.  This  is  a  rare  condition  mot  with  in  some  cases  of  chronic 
cystitis,  and  is  charactorisod  by  the  formation  of  numerous  soft  rounded  elevations 
or  plaques  in  the  bladder  wall,  in  size  up  to  that  of  a  bean.  They  have  a  pale 
sometimes  yellowish  appoaranco  surrounded  by  vascular  areas,  tend  to  be 
ulcerated  on  the  surface  and  invaded  by  bacteria,  and  are  essentially  composed 
o  collular  granulation  tissue  in  which  thoro  aro  numerous  largo  colls  whh  peS 
foaturos.  Jhoso  colls  coutam  drojilots  of  variou.s  kinds  and  small  hyaline  Veres 

. . .  1I«  Mirli.elis-Oul.nmim  bodies,  also  inolusions  of 

leil  ooijiuscles  mid  leiioocy l.os.  'I'lio  muinlod  striiel.uivs  inav  boemne  free  bv 
disiiil.OKrH  ,,„n  o  Ihe  cells.  .Irniie  salts  may  be  ileposil.ed  in  tlHun  a.iid  they  have 
a,l,M  a.n  idin.dy  lor  iron,  as  em,  be  shown  by  the  usna,!  lesl.s.  The  lesion  is  of  the 

na,lm-eo(a,gra,unlomn.,hntwl, ether  it  is  |n.,dne,al  hy  la.liforn,  and  oth.T<.iwmi»ms 

O!  hy  soiuG  niiv  sim'ciIk!  Ims  not,  Ixmgi  (if'Id'nnituML  ' 


Tuberculosis.  Tuberculous  disease  of  the  bladder  is,  as  a  rule 
the  result  of  direct  infection  of  its  mucosa  by  the  bacilli  in  the  urine! 
Ill  a  manner  eorri'.sponding  to  that  Siam  in  iiui  intestine  (p.  601)  It 
oeenrs  most,  fn'qmmt.ly  in  ea,s('s  of  renaJ.  tu  lK-reulosis,  though  also  in 
tuhereulosis  of  t.he  gimital  tract..  The  haeilli  invade  the  mueo.sa  and 
give  rise  to  tuhereles  whieli  t.lien  undergo  iilei'rat.ion.  In  this  way, 
nuiltiple  .small  iiieers  a.re  formed,  esp('eia.lly  at  the  ha-se  of  the  bladder,’ 
and  .sometimes  the  oritiees  of  t.he  iiri'tc'r.s  a, re  .speeially  .involved.  The 
ulcers  hien-ase  in  size  a,nd  form  largi'  a,reas  hy  eonllmmce.  Nometimes 
there  js  a  eonsiderahle  amount  of  ea. semis  thickening  of  the  lining. 
Secondary  mva.sion  hy  other  organisms  .sometimes  oeeurs,  and  more 
acute  inllammatory  ehangig  '  wliieh  may  he  at, I, ended  hy  ammoniacal 
(IcdompositHm  ol  the  uriiup  is  superaikled. 


Bllharalasls.  The  bladder  is  the  most  frequent  site  of  lesions  in  this  oon- 
dition,  whi^  IS  produced  by  Sohiatoaoma  hicmatobium  ;  and  in  some  countries, 
notably  in  Itgypt,  tho  disease  is  vory  common.  The  adult  parasites  lie  in  the 
vesical  veins,  and  tho  eggs  laid  by  the  female  pass  into  the  surrounding  tissues, 
where  they  are  to  be  soon  in  large  numbers.  The  irritation  produced  results 
m  the  formation  of  abundant  vascular  granulation  tissue  which  causes  great 
thickening  of  the  mucosa  and  submucosa.  Nodular  upgrowths  also  form, 
and  the  interior  of  the  bladder  may  be  beset  with  rounded  and  somewhat 
pedunculated  vascular  projections,  which  tend  to  become  ulcerated.  Hematuria 
IS  a  common  featnro  and  the  ova  ar©  readily  found  in  the  urine.  Septic 
mfla^ations  may  become  superadded,  and  an  important  fact  is  that  carcinoma 
develops  m  a  proportion  of  oases  in  Egyptians,  but  very  rarely  in  infected 
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Europeans.  Billiarzial  lesions  are  sometimes  met  with  also  in  the  ureters  and 
renal  pelves. 

Schutosoma  limnatohium  is  a  dicecious  trematode.  The  adult  male  is 
about  13  mm.  in  length,  the  female  about  20  mm.  ;  the  latter  is  more  filiform 
and  lies  enclosed  in  the  gynsecophoric  canal  of  the  male.  The  eggs  are  oval 
in  form,  about  130  p.  in  length,  and  the  shell  has  a  distinct  terminai  spine  ; 
the  embryo  is  visible  within.  When  the  urine  becomes  diluted  on  being  mixed 
with  water,  the  investing  shell  swells  and  bursts  and  a  ciliated  embryo  or 
miracidiiim  escapes.  This  was  shown  by  Leiper  to  penetrate  the  body  of  certain 
fresh-water  snails  of  the  genus  Bulinus  within  which  it  passes  to  the  liver  and 
then  develops  a  sporocyst.  A  redia  stage  is  then  passed  through  and  ultimately 
free -swimming  eercarise  are  developed.  The  cercarise  gain  entrance  from  water 
to  the  hiunan  subject,  ctdefiy  through  the  skin  hut  also  through  the  mucous 
membrane  of  the  mouth  and  phar;^Tix.  They  reach  the  liver  and  attain  sexual 
inatiu’ity  with,iu  the  portal  vessels.  The  young  adults  then  pass  against  the 
blood  stream  to  the  portal  radicles,  especially  those  of  the  inferior  mesenteric 
vein,  and  thence  they  reach  the  vesical  plexus,  w'here  they  settle  as  described 
above.  Occasionally  the  parasite  remaius  in  the  liver  and  the  eggs  are  discharged 
into  the  periportal  connective  tissue  and  give  rise  to  a  form  of  cirrhosis  (p.  653). 
It  had  previously  been  noted  that  in  hilharzial  lesions  two  t;v"pes  of  ova  occurred, 
one  with  a  terminal  spine  and  one  with  a  lateral  spine,  the  latter  heuig  met  with 
especially  in  intestinal  lesions ;  and  it  w’-as  believed  that  these  represented  two 
species  of  parasites-  This  was  proved  to  be  the  case  by  Leiper,  who  worked 
out  the  histories  of  the  two  species  now  known  as  Sch.  hsematobium  and  Sch. 
mansoni.  He  showed  that,  in  the  case  of  the  latter,  which  produces  ova  with 
lateral  spines,  the  intermediate  host  is  another  species  of  snail,  namely,  the 
Planorbis  hoissy  i,  within  which  the  parasite  passes  through  stages  of  development 
corresponding  to  those  just  described.  Sch.  mansoni  is  the  cause  of  the  intestinal 
lesions  (p.  606)  which  are  of  nature  corresponding  to  those  of  the  bladder.  More 
recently  several  additional  genera  of  snails  have  been  fomid  to  act  as  vectors 
in  various  parts  of  the  world. 

Calculi  ■ 

Urinary  calculi  are  formed  by  a  separating  out  in  crystalline  or 
granular  form  of  the  constituents  of  the  urine,  a  small  amount  of 
organic  material  also  being  incorporated.  The  process  may  start 
around  some  organic  nucleus,  or  simply  may  be  the  result  of  saturation  ; 
in  any  case,  excess  of  a  particular  substance  is  the  important  factor 
as  a  rule.  Thus  in  hyperparathyroidism  the  increased  excretion  of 
calcium  and  phosphorus  in  the  urine  frequently  leads  to  the  formation 
of  urinary  calculi.  Calculi  may  he  met  with  in  the  pelvis — renal 
calculi— OT  in  the  bladder — vesical  calculi — although  some  of  the  latter 
originate  in  the  kidneys. 

Renal  Calculi.  These  are  usually  composed  of  a  mixture  of 
uric  acid  and  urates— ‘  uric  acid  stones  ’ — occasionally  of  calcium 
oxalate.  There  is  evidence  that  in  the  case  of  both  varieties  minute 
concretions  may  form  first  in  the  collecting  tubules  of  tbe  kidney  and 
then  pass  into  the  pelvis  where  further  increase  in  size  takes  place. 
Within  the  pelvis  multiple  small  stones  may  form,  especially  w-hen  it  is 
dilated,  and  occasionally  they  may  be  in  enormous  numbers ;  or  on  tbe 
contrary,  a  single  calculus  may  gradual!}^  ^7  further  deposit  and 
come  to  form  a  branching  mass  filling  the  pelvis  (Fig.  527).  The 
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Bxo.  527.  •  ■ t’oiuU  calculuH,  forniiug  a  cast  of  lower  part  of 
pelvin  and  obsfanicMng  (J,io  ur©tox%  X  f. 
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ITig.,  528,”-“8©ctiQa  of  lining  of  renal  pelvis  in  neplirolitliiasis, 
showing,  metaplasia  of  epithelium  to  the  8t,ratifi©d  squamous  type 
and  commencing  'Squamous  carcinoma,  x  65. 
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amount  of  h^Tlroneplirosis  i^rocliiced  varies  greatly  as  lias  already  been 
described.  A  small  calculus  often  passes  along  the  ureter  to  the 
bladder,  giving  rise  to  renal  colic,  which  is  associated  with,  hseiiiatmia, 
etc.  It  may  be  arrested  for  a  time  by  the  constriction  of  the  ureter 
at  its  entrance  to  the  bladder.  On  the  other  hand,  the  calculus  may 
be  impacted,  usually  in  the  upper  end  of  the  ureter,  and  produce 
hydronephrosis  as  already  described,  and  when  the  obstruction  is  of 
the  intermittent  variety,  the  hydronephrosis  may  reach  a  large  size. 
When  there  is  infective  inflammation  accompanied  by  ammoniacal 
decomposition  of  the  urine,  calculi  or  mortar-Hke  material  composed 
of  phosphates  often  form  in  the  inflamed  pelvis,  the  condition 
bemg  attended  b}’  suppuration,  ulceration,  etc.,  and  the  large  hrancliing 
'  stag-horn  '  calculi  arise  in  tliis  way.  x4  calculus  in  the  renal  pelvis, 
especially  when  it  is  movable,  may  give  rise  to  metaplasia  of  the  liniiig 
of  the  pelvis  into  stratified  squamous  epithelium.  As  a  further  result 
of  the  irritation  epithelioma  has  occasionail}"  been  found  to  arise,  as 
is  illustrated  in  Fig.  528. 

With  the  advent  of  sulphonamide  therapy  it  was  soon  found  that 
precipitation  of  these  drugs  may  occur  in  the  renal  tubules  and  pelvis 
unless  the  fluid  intake  is  maintained  at  a  high  level  to  promote  diuresis. 
If  this  is  neglected  actual  obstruction  of  tubules,  pelves  and  ureters 
may  result  from  masses  of  crystals  of  the  drug  or  its  acetylated  form. 

Vesical  Calculi.  These  may  be  single  and  reach  a  great  size, 
or  they  may  be  multiple,  sometimes  numerous  and  like  coarse 
sand.  In  some  cases  calculi  form  in  the  renal  pelvis,  especially 
uric-acid  calcuM,  and  then  pass  to  the  bladder,  where  they  increase 
in  size  ;  in  other  cases  they  are  formed  locally.  The  larger  calculi 
present  great  variations  in  composition  and  structure,  but  as  a  rule 
there  is  a  nucleus  or  centre  surrounded  by  concentric  laminae.  Accord¬ 
ing  to  Kleinschmidt,  the  nucleus  or  primary  stone  is  formed  by  the 
separating  out  of  the  particular  substance  from  a  saturated  solution 
in  the  urine,  and  has  the  same  composition  throughout.  The  priTfmry 
stones  formed  in  this  way  are  composed  of  urates  and  uric  acid  (by 
far  the  commonest  variety),  less  frequently  of  calcium  oxalate  or 
calcium  phosphate,  rarely  of  cystin  or  xanthin.  The  primary  urate 
stone,  seldom  larger  than  a  small  pea,  and  often  formed  first  in  the 
renal  pelvis,  is  of  rounded  form,  hard  consistence  and  brownish  colour. 
The  primary  oxalate  stone  is  small  and  very  hard  with  irregular  out¬ 
line,  and  is  often  of  dark  brown  colour  from  altered  blood  pigment. 
It  is  to  be  noted  that  the  large  oxalate  calculus  known  as  a  ‘  mulberry 
calculus,’  a  round  hard  stone  with  nodular  surface  (Fig.  5295),  is  usually 
a  composite  stone  with  a  varying  proportion  of  urates  and  oxalates 
in  the  outer  layers.  Primary  phosphatic  stones  are  of  whitish  colour, 
often  friable,  but  sometimes  hard.  They  are  met  with  in  hyperpara- 
th3rroidisni  and  in  experimental  hypervitaminosis  D  (p.  168).  Any 
of  these  primary  stones,  like  other  foreign  bodies,  may  have  secondary 
deposits  formed  on  their  surface,  and  thus  secondary  or  laminated 
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(^aJouli,  arise.  1’lie  pariPmla.i-  suhsiance  se(K)n(la,nly  deposited  which 
iKHul  not  be  ill  a.  sa.tiira.t(‘d  siate  in  tlu‘  urine,  de|)('nd.s  not  only  on  the 
composition  of  (lie  urine  but  also  on  its  reaction,  urates  especiallv 
beuifi  deposited  when  the  reaction  is  acid  (Vi^.  52!)),  pho.spliates  when 
it  is  alkaline.  As  the  sta,t(‘  of  tiu'  urine  varh's  from  time  to  time 
the  great  variations  in  the  (a.iuposition  oCsiones  can  be  readily  under’ 
stooel.  d'hus  a  primary  maite  stone  may  be  surrounded  by  laminse 
ot  mixed  iiratOiS  «i;n(l  oxalaiidhs,  ov  oF  j)lH)Sj)lia,ti(‘s,  etc.  V(\si(*iil  calculi 
sometimes  reacli  a.  great  size.  ld„.  exa.mple,  we  have  in  our  oollec- 


A.- cluiractorintic,  luinliuiliiou  aroiiiiid  tho  nriniarv  calculus  *  b  oxalate 
L  niT^Tuma^  01"!  '"“f  ol’  the  sanio  :  </,  ianilnatcu  Dliospllate’  calculus 

m  ilt  Hin-f act  /  nn  bi,  lHmlnaX<‘(i  phoHphatic  cahniluH  with  im^Kular  inemstation  deposit 

ou  tiio  smlat.o  ,  J,  nou-huulnatcd  phosphatic  wilculus  of  lucrustatiou  type,  x  1 


tion  a  large  oval  storu'.  mcausuring  7*5  can.  (three  inches)  in  length  and 
weighing  300  g.  ;  it  wtis  rt^movod  IVoin  a  native  of  India.  The 
central  part  is  a  laminated  nrait(^  stoiu^  and  has  a  thick  pliosphatic 
mantle. 

These  two  kinds  of  stones,  primary,  and  secondary  or  laminated, 
may  form  without  the  presence  of  bacterial  infection  or  inflammation, 
and  lead  to  mechanical  effects— pain  and  iiTitation  with  hsematuria, 
intermittent  obstruction,  damage  to  the  bladder  mucosa  with  ulcera¬ 
tion,  etc.  When,  however,  there  is  secondary  bacterial  invasion, 
and  ammoniaoal  decomposition  of  tho  urine  occurs,  then  triple  phos¬ 
phates  and  ammonium  urate  separate  out,  often  in  large  amount, 
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and  form  a  furtlier  deposit  on  calculi  already  formed.  Deposits 
of  these  substances  may  occur  also  in  cases  of  septic  cystitis  (p.  873 ) 
apart  from  the  previous  occur¬ 
rence  of  calculi,  and  form  primary 
inflammatory  calculi  or  irregular 
cretaceous  deposits. 

Primary  urinary  calculi  are 
much  less  common  in  Great  Britain 
than  formerly,  and  they  occur  at 
a  later  period  of  life. 

Tumours 

With  the  exception  of  the 
villous  papilloma,  simple  growths  of 
the  bladder  are  very  rare.  Myxoma, 

I  eio  my  oma  and  rhabdomyoma 
have  occasionally  been  met  with, 
and  the  last  mentioned  may  form  a 
huge  lobulated  mass  the  villous  processes  of  which  have  swollen 
clubbed  ends.  Villous  papilloma,  which  is  a  fairly  common  growth, 
is  met  with  especially  in  the  region  of  the  trigone  ;  it  is  usually  single 
but  sometimes  multiple.  The  growth,  as  already  described  (p.  215), 
consists  of  delicate  branching  vascular  processes  of  connective  tissue, 
covered  by  several  layers  of  cells  of  the  transitional  type,  and  it  causes 
profuse  and  painless  hsematuria.  It  may  have  a  narrow  base  of 
attachment  and  project  freely  into  the  bladder  and  is  often  of  simple 
character  ;  on  the  other  hand,  the  base  may  be  wider  (Fig.  530),  and 
then  the  growth  is  apt  to  develop  malignant  characters  ;  in  fact,  all 
transitions  to  carcinoma  are  met  with.  Villous  papilloma  occasionally 
occurs  simultaneously  in  the  renal  pelvis. 

Of  the  malignant  growths,  by  far  the  commonest  is  the  papillary 
form  of  carcinoma  usually  met  wdth  at  the  base  of  the  bladder.  It  is  a 
somewhat  soft  growth  with  villous  surface  at  first,  but  tends  to  undergo 
necrotic  softening  and  ulceration,  and  causes  local  destructive  changes, 
sometimes  with  perforation  ;  metastases  to  lymph  nodes  and  to  bones 
occur  in  about  30  per  cent,  of  fatal  cases  (Willis),  On  microscopic 
examination  of  such  a  growth  some  of  the  vilh  may  show  the  structure 
of  simple  papilloma,  others  show  aberrant  types  of  epithelium,  whilst 
in  the  deeper  parts  broad  masses  of  similar  cells  can  be  seen  iuflltratmg 
the  muscular  tissue.  In  the  most  malignant  forms  the  cells  are 
arranged  in  infiltrating  masses  without  definite  arrangement  and 
show  aberrations  in  type,  numerous  mitoses,  etc.  Other  forms  of 
cancer,  including  squamous  epithelioma,  are  occasionally  met  with. 
The  origin  of  cancer  of  the  bladder  is  sometimes  related  to  chronic 
irritation ;  this  is  well  illustrated  hi  the  case  of  bilharzial  disease 
(p.  874),  Gases  have  been  observed  in  Germany  and  elsewhere  of 
malignant  disease  of  the  bladder  in  amhne- dye  workers ;  in  this 
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(:<>niu'(!t.ioii  it.  iH  iii(.('rcst.infr  t-o  iiot.c  t,lia,t,  hhukUw  tumours,  both  papil- 
loiua.  a.n(l  wyaanoma,,  ha.v(^  Ik'cii  prodiuu'd  in  dopr.s  by  bcta-naphtliyla- 
miuo  (H  uoivper  and  otlu-i's),  a.  ba,s(>  us(^(l  in  tlu;  manuhicture  of  aniline 
dyes.  Sarcomala.  of  tlu;  bhuldci’  a.ro  very  rai'e. 

Hsematuria.  This  is  so  important,  a  clinical  sign  tliat  we  may  summarise 
willi  lKlvll,^ll.aK(^  (,lio  cluof  condition.s  which  giv(t  l■is(l  to  it.  In  iidilition  to  actual 
hic('rM,l.i(m  of  iho  ki(hi(!y  l)y  hijiiry,  lijcmaiuria  is  mot  with  in  ccrl-ain  .rrouus  of 

(а)  Circuhitory  Disturbanrejt.  Kod  oorpusc.los  o.s(uipo  in  the  urine  in  chronic 
venous  congestion,  though  usually  tlio  amount  of  blood  is  scanty  ;  more  marked 
haHna(.uria  ocenrs  in  infarc.I.iou  and  in  (.ho  rii.ro  cases  of  tliromhosis  of  the  renal 
V(‘in.  Occnsiona.lly  it  ooours  l'(Mn| lopn rily  a.l'ii'r  so\'('ro  oxtM’oisf'. 

(б)  Inflammatory  Conditions.  K,o(l  (‘.orpuscloa  aro  prowoiit  in  the  urine 
in  the  various  fonus  of  iiouU!)  nophritiH,  iuul  aoinotiinoH  iho  presence  of  blood 
is  clearly  rocognisablo  oji  nak<Hhoyo  oxaniiruition.  Jn  oasexs  where  nephritis 
has  oxisiod  for  sonic  time  (lilTuso  hicmorrhagc  may  Hupoiwene~/LT:morr%2c 

ospocially  when  sonn'i  inh'ctivcs  (lonclilaon  is  auperadded  ;  it  is  often 
a  marked  featun^  in  the  iHiplirilis  secondary  lo  wubaeulie  haetorial  endocarditis 
(p.  :ir)d).  ^  namiatiiria  may  lie  met  willi  in  suppiirallve  (iisoa,so,  though  it  is 
usually  slighi(;  it  may,  lu)\vev(M‘,  be  a  ma,rk(^<l  foa,ture  in  eases  of  (-uborculosis. 

(c)  Tumour  Crawths.  Ihmnaluria  is  often  a  prominent  feature  in  cases  of 
hyfiernephroma/  which  is  the  (ximmonest  kidney  tumour  in  the  adult,  and  it 
may  occur  also  in  other  forms  of  malignant*  diseaso.  It  is  oecasionally,  though 
rarely,  clue  to  a  simple  growth,  o.g.  a  paiiilloma  of  tho  pelvis  ;  and  we  have 
seen  profuse  luernorrhage  produced  by  a  comparatively  small  angioma  at  the 
a|)('x  of  a,  nuMlullary  pyi'amid.  N'illous  paipilloma.  of  Ibe  urinary  also 

(*aus(\s  prolusi''  and  oftfai  jia.inb'ss  Iiaanal uria. 

(fi)  licnal  Calculus,  llaunaturia,  in  varying  dc'gree,  a.ce<)mpanies  an  attack 
of  ronal  colic,  ducj  to  t.he  passage  of  a  ca.l<*ulus  along  tibe  ureter,  but  may  occur 
ev<Mi  if  Uie  stoiu^  la.ils  to  tlu^  pedvis. 

1  be  loi’inalion  ol  (*rysla.Is  in  collf'ct  ing  tubuh's  and  i)(''K’is,  <'.g.  ealc'iinn  oxsilate, 
or  snlpbonamidi'  drugs  during  c'xmvt.ion  wb<m,  fluid  iutdilo^  is  insutlieicait,  may 
I)e  aeeompa,ui(‘(l  by  rmial  colic  and  luema.turia,. 

Iho  various  renaJ  ooaditions  may,  for  practical  purposes,  be  conveniently 
divided  into  those  in  wliicb  blooding  is  unilaiteral  and  ihoso  in  winch  it  is  bi¬ 
lateral,  and  it  will  be  soon  that  such  a  division  may  readily  bo  nuido.  It  should 
bo  added  that  in  some  eases  severe  unilateral  blociding  occasionally  takes  place 
without  the  presence  of  any  of  tho  a.bovo  conditions,”  and  when  tho  kidney  is 
('xcist'd,  no  <‘ba,ng(5  ('x<'('pt*  the  pivsema'  of  blood  in  sonu^  of  tlu^  taibulcs  or  pelvic 
mucosui  is  l.o  bc'  found.  '^Pbf''  natur('i  of’  sucli  (mihc'S  is  (juitio  obscurf'i. 

1  nfc'Hliation  wiib  Sc/ti.s'l.O't(uu<(  hn  niulobi uui  is  mi  importia.nt  (‘a, use  of  lueinaturia 
in  count  rioK  wlua'i'i  hilbar/iasis  is  (Hulmnic,  lb('  piT'Staicc'  of  the  eggs  in  th('i  mucosa 
(‘ausing  much  injury  a,nd  infbunmaf.ory  naieilon  (p.  87I-). 

.1  u  eort.ain  1)]<)()(1  dyserasias,  .notably  in  tiu'!  purjmras,  luumaturia,  may  be 
a*  promiiuMil  symptom. 

Somotimos  the  oolorationi  of  tho  urine  is  duo  to  tho  presence  of  fi'ce  haemo¬ 
globin,  and,  as  already  explained,  this  depends  on  a  previous  lysis  of  the  corpuscles 
in.  tlio  circulating  blood,  luernoglobin  iK’icomos  cliangod  into  mothinmoglobiii 

in  varying  degree.  Ifivmoglobimiria  may  be  producaHl  in  ibis  way  by  the  action 
0,1  various  poisons,  such,  as  pyr(>galli(^  acid,  arH(miur(dt;ed  hydrogen,  nitro¬ 
benzene,  and  eK])eeially  ebloratc  of  potash,  vvbi(d»  is  a  not  uncommon  cause.  It 
is  occasionally  observed,  afUa’  s(‘\(a'o  burns  and  in  Hpecititi  fevers  and  blood 
diseases,  but  its  occurrence  at  such  times  is  rare.  Two  iixiportant  forms  of 
the  condition ,  namely,  blackwator  fever  and  paroxysmal  haamoglobinuria, 
have  been  alroa.(ly  d(^Hcribed  (pp.  50(),  482).  Hauxioglobinuria  may  also  occur 
alter  incompati blci  blood  I'l’ans fusion. 
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Congenital  Abnobmalities  of  the  Ubenaby  Sytstem 

In  the  case  of  the  kidneys  these  are  of  comparatively  frequent  occurrence 
but  are  rarely  of  importance,  if  we  except  the  congenital  cystic  condition  already 
described  (p.  864).  „  Occasionally  one  kidney,  usually  the  left,  is  absent — agenesia 
— and  there  is  generally  an  absence  of  the  ureter  also.  In  such  cases,  the  surviv¬ 
ing  kidney  undergoes  compensatory  hypertrophy,  and  its  weight  may  sometimes 
equal  that  of  the  two  kidneys.  Hypoplasia  or  imperfect  development  of  one 
kidney  is  also  met  with,  the  kidney  being  sometimes  an  irregular  atrophic 
structure  around  the  upper  end  of  its  ureter.  Here,  also,  hjqjertrophy  of  the 
other  kidney  occurs.  Hjrpoplasia  of  both  kidneys  may  occur  to  such  a  degree 
as  to  be  incompatible  with  life ;  minor  degrees  of  the  condition  may  possibly 
lead  to  renal  dwarfism.  Sometimes  the  two  kidneys  are  fused,  and  this  most 
frequently  occurs  at  the  lower  pole,  so  that  what  is  known  as  the  ‘  horse-shoe 
kidney^  results;  sometimes  the  union  is  merely  by  a  fibrous  band.  In  such  case, 
the  pelves  are  directed  somewhat  forward  and  the  two  ureters  pass  in  front 
of  the  connecting  bridge.  In  rarer  forms  the  fusion  of  the  kidneys  is  more 
complete  and  an  oval  or  somewhat  irregular  mass  results,  which  varies  in  position. 
Occasionally  a  kidney,  more  rarely  both  kidneys,  may  be  displaced,  the  con¬ 
dition  being  known  as  dystopia.  Tlie  displaced  kidney  is  usually  low  down 
in  front  of  the  sacrum  or  in  the  pelvis ;  its  ureter  is  correspondingly  shcnrt  and 
the  arterial  blood  supply  comes  from  the  lower  end  of  the  aorta  or  an  adjacent 
large  branch.  It  is  to  be  noted  that  in  the  various  conditions  of  absence  or 
displacement,  the  position  of  the  adrenals  is  usually  quite  normal.  The  kidney 
is  originally  composed  of  lobules  and  ordinarily  the  fusion  is  complete,  though 
the  composite  character  of  the  kidney  is  seen  in  its  interior.  Sometimes  slight 
grooves  on  the  surface  mark  the  original  lobules  and  the  term  fostal  lohulaiion 
is  applied  ;  the  condition,  which  is  of  no  importance,  is  not  to  be  mistaken  for 
a  pathological  change.  It  is  more  marked  in  the  child  than  in  the  adult. 

Abnormalities  affecting  the  pelves  and  ureters  are  met  with  sometimes.  The 
ureter  may  be  double  in  its  upper  part,  the  two  parts  then  uniting,  or  in  its 
whole  length  ;  and  in  either  case,  a  partial  doubling  of  the  pelvis  is  usually 
present.  When  the  doubling  is  complete,  the  ureter  from  the  upper  part 
of  the  kidney  opens  separately,  more  medially  and  lower  down  in  the  bladder, 
sometimes  into  the  urethra  or  a  vesicula  seminalis.  Such  a  condition  may 
be  present  on  on©  side  or  on  both  sides.  Congenital  narrowing  or  atresia  of 
a  ureter  may  give  rise  to  dilatation  of  the  part  above  and  of  the  pelvis  ;  an  abnor¬ 
mally  high  origin  of  the  ureter  from  the  pelvis  also  may  lead  tc#  hydronephrosis 
(p.  869).  It  is  noteworthy  that  such  abnormalities  appear  to  favour  the  occur¬ 
rence  of  infection  and  also  its  persistence  when  established,  e.g.  in  urinary  typhoid 
carriers. 

The  most  important  abnormality  of  the  bladder  is  a  defect  of  its  anterior 
wall,  accompanied  by  a  corresponding  medial  defect  of  the  abdominal  wall, 
the  condition  being  !l^owm  as  extroversion  of  the  bladder.  The  posterior  wail 
of  the  bladder  is  thus  exposed,  and  appears  as  an  area  of  vascular  mucous  mem¬ 
brane,  showing  folds  and  elevations  on  which  the  ureters  open.  The  epithelium 
of  the  exposed  mucosa  undergoes  metaplastic  alteration,  in  part  into  squamous 
epithelium  and  in  part  into  a  columnar  epithelium,  resembling  that  of  the 
intestine.  In  the  male,  the  urethra  remains  open  on  its  dorsal  aspect,  the 
condition  being  known  as  epispadias ;  in  the  female  there  is  usually  a  split 
clitoris.  Deficiency  of  the  symphysis  pubis  also  is  present  as  a  rule,  though 
this  may  occur  apart  from  extroversion  of  the  bladder. 

In  the  posterior  urethra  valve-like  folds  of  the  mucosa  (Young’s  valves)  may 
occur  just  below  the  urethral  crest  and  give  rise  to  obstruction  to  the  passage  of 
urine  with  consequent  hypertrophy  of  the  bladder  and  bilateral  hydronephrosis. 


()hapt:er  XVII 

i.()(:x:)M()to:r  system: 

A.  BONES 

Introductory.  Althovip;]i  ossoous  tiamio  Is  hard  and  cornpara- 
tivciy  nnyi(^l(liii^S  in  ])athoI()^i(^al  conditioiiH  it  is  ernmently  subject 
to  (jhangos  ill  c()nlp^u^i^c^ss  and  also  in  configuration.  It  is  generally 
rociognised  i-liat  in  ilu^  normal  state  processes  ol  formation  and  resorp¬ 
tion  are  constantly  going  on  ;  in  the  adult  these  changes  are  normally 
ba,lan(‘-cd,  hut  if  Otlua-  is  interfered  with,  the  character  of  the  bone 
will  l)(KH>me  altercMl.  Maintena.nc(‘.  of  the  size  and  consistence  of  a 
bone  is  ma,rk(vlly  d(‘p(mdcnt  upon  the  functional  requirements  of 
support  in  response  to  piv-ssure  and  Umsion,  brought  about  by  mus¬ 
cular'  action.  ^  Thus  muscailar  inactivity  is  followed  by  atrophic  change 
in  hone,  whilst  sj)(^(;ial  stress,  as  ocmirs  in  very  mnscular  subjects, 
leads  to  incn'.ased  strengtii,  and  proiniuenco  of  tlie  ridges  for  the 
attacimumt  of  niuseles.  ,Eve:n  when  there  is  widespi'ead  disease  of 
bone,  (i.g.  in  rickets  and  osteomalacia,  wo  find  an  adaptive  thickening 
of  bone  whcu'o  tlnu'c*.  is  spc'Kual  stirain  or  stress. 

Bones  are  liaBle  to  various  organismal  infections  (suppuration, 
tuberculosis,  and  syphilis  being  the  chief),  and  in  these  we  find  effects 
and  r(‘a.ct,ions  very  similar  to  thos(^  seen  in  the  soft  tissues.  In  fact, 
if  we  consider  oss(H)us  matrix  as  corresponding  with  fibrous  matrix, 
wc  find  a  close  paralhd  IxTwecm  the  two  kinds  of  tissue.  Thus  when 
an  inflammatory  condition  is  accom[)anicd  by  an  abundant  over¬ 
growth  of  granulation  tissue  in  relation  to  bone,  the  latter  undergoes 
alisorption  and  the  term  rarefying  oMeilis  is  applied ;  when  the 
condition  is  of  mon^  chronic  cdiaractcr,  such  as  would  be  accompanied 
by  fibrosis  in  a  soft  tissues,  the  bone  becomes  increased  in  amount  and 
in  (Icmsity  fyratu(we  jMfe.Ui,^.  N(‘(‘.rosis  of;  bone,  that  is,  of  its  cells, 
may  bo  prodiunul  by  any  ol  flu^  (tiiel  e.a.us(\s  aln^ady  mentioned-  The 
dead  boi\e,  if  as(^pti(*,  may  be  absorlxul  or  IxuKime  encapsulated  by 
sclcr()Hed  bone,  or  if  pyogcafic  organisms  arc^  ])r(\scnt,  inflammatory 
reaction  with  su|)puratio*i  (xauirs  around.  .Dead  bone,  owing  to 
its  physi(uil  (‘hai'acku's,  is,  of  (course,  nunovcxl  slowly  a-nd  requires  for 
its  n^sorption  tlu^.  action  of  living  tissuc^s  in  (x)nta(ti  with  it ;  bone 
bathed  in  pus,  lor  cxamj)l(‘,  undergoes  little  or  no  resorption. 

The  growth  of  bone  is  definitely  related  to  some  of  the  endocrine 
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glands.  Thus  the  secretion  of  the  anterior  lobe  of  the  pituitary 
stimulates  the  growth  of  bone  ;  when  in  excess  in  early  life  it  leads  to 
giantism,  when  deficient,  to  a  dwarfed  condition  of  the  body.  Deficiency 
of  thyroid  secretion  at  an  early  age  results  in  the  stunted  gro'wdh  of 
sporadic  cretinism,  and  in  this  condition,  but  not  in  iiornial  children, 
the  administration  of  th^noid  extract  often  leads  to  considerable 
growth.  On  the  other  hand  the  parath^Toid  hormone  has  an  important 
action  in  leading  to  absorption  of  lim^ salts  from  the  bones  ;  when' 
it  is  present  in  excess  in  the  blood  important  structural  changes  are 
brought  about  (p.  913).  Certain  other  general  bone  diseases  whose 
etiology  is  still  obscure  may  also  depend  upon  disorders  of  the  endo¬ 
crine  glands.  Bone  is  also  under  the  trophic  control  of  the  nervous 
system,  and  important  changes  of  an  atrophic  and  dystrophic  nature 
occur  in  chronic  nervous  diseases,  notably  in  locomotor  ataxia  and 
swmgomyelia.  Again,  in  scurvy...  esneeiallv  in  infancy,  very  marked 
changes,  as  will  afterwards  be  described,  occur  as  a  result  of  deficiency 
of  vitamin  C  ;  and  experimental  work  has  shown  that  the  character¬ 
istic  changes  of  rickets  are  produced  by  deficiency  in  vitamin  D. 

Atrophy 

In  considering  the  wasting  of  bone,  we  may  distinguish  simple 
atrophy  from  processes  where  active  resorption  is  concerned.  True 
atrophy,  which  may  be  local  or  general,  may  be  indicated  by  diminu¬ 
tion  of  the  external  size  of  the  bone,  by  widening  of  the  medullary 
cavity,  or  by  enlargement^  of  the  cancellous  spaces.  Usually  the  two 
last  changes  are  most  marked  and  the  bone,  as  a  whole,  becomes 
lighter  in  weight.  Atrophy  due  chiefly  to  diminution  of  formative 
activity  is  seen  in  old  age — senile  atrophy.  The  bones  become  more 
porous  and  are  more  easily  fractured,  whilst  the  process  of  repair 
tends  to  be  defective  and  delayed ;  the  configuration  of  bones  also 
may  become  altered  in  old  age.  Atrojphy  from  disuse  is  of  common 
occurrence.  It  is  seen  when  a  limb  is  kept  at  rest  or  not  actively 
used,  for  example,  in  chronic  suppurative  disease  of  bone,  in  joint 
disease,  etc.  As  has  already  been  stated,  the  normal  contraction 
and  pressure  by  muscular  action  are  necessary  for  the  mamtenance 
of  the  size  of  a  bone,  and  when  these  are  absent  the  normal  process 
of  building  up  becomes  deficient.  NeuropaiMc  atrophy  is  wed  illus¬ 
trated  in  bone.  As  a  sequel  of  infantile  paralysis,  the  bones  of  the 
affected  limb  become  thin  and  light  (Fig.  84).  This  may  in  part 
be  the  result  of  disuse,  but  there  seems  to  be  little  doubt  that  it  is 
largely  a  trophic  effect.  So  also  in  chrome  nervous  diseases,  for 
example,  locomotor  ataxia  and  syringomyelia,  atrophy  of  bone,  due 
chiefly  to  enlargement  of  the  cancellous  spaces,  often  occurs  and  may 
lead  to  spontaneous  fracture.  In  certain  blood-diseases,  notably  in 
pernicious  ansemia  and  leukaemia,  the  increase  of  the  marrow  leads 
to  enlargement  of  the  medullary  cavity  and  cancellous  spaces.  The 
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trabeculse  become  softened  and  waste  away,  but  there  is  no  (widence 
that  any  special  cellular  agency  is  concerned.  Examples  of  local 
atrophy  (lu(‘  to  prc,w.rc  arc  common,  but  this  is  as  a  rule  the  result  of 
active  rcsoriition,  usually  by  osteoclasts. 

In  (■crln/m  cases  bone  muiergoes  softening,  the  osseous  tissue  being 
replaucal  l)y  osteoid  tissue,  i.e.  osseous  tissue  with  lime-free  matrix 
The  osteoid  tissiu^  often  covers  traBeeulai  of  surviving  osWis  tissue! 
This  change  oeenrs  in  nia.rlv(Ml  degree  in  ri<frets  and  osteomalacia  and 
leads  to  yielding  of  the  bones.  It  ha,s  long  been  suppolcd  by  many 
that  the  change  represents  deealeilieation  or  an  active  resorption  of  the 
lime  salts  Jrom  the  surface  of  the  trabeeuhe,  and  the  tovm  haliskresis 
has  been  applied  to  indiealn  the  change.  This,  however,  has  not  been 
[iroved  and  it  would  a.ppear  that  the  appearances  may  be  explained 
on  the  view  that  the  osteoid  tissue  reiiresents  the  new  bone  which  is 
constantly  being  formed  but  which  has  failed  t,o  become  calcified. 

Osteoporoses,  on  the  ot.her  hand,  means  a  ra.refaetion  of  the  bone _ 

enlargement  ol  the  eaaieelloiis  spa.i^'s  with  thinning  of  the  trabeculse, 
though  the  latter  may  bo  unaltered  as  regards  lime  salts.  The  rare¬ 
faction  is  usually  duo  to  a, olive  resorptive  processes,  of  which  two  types 
are  recogniscil.  d’he  one  results  from  the  action  of  multi-nucleated 
osteoclasts  which  soften  and  absorb  the  osseous  matrix,  and  lead  to  pits 
or  dejiressions  in  which  ihey  lie  -tho  so-called  lacunar  resorption.  In 
the  other  type  the  bone  is  ab.sorbed  by  the  ingrowth  of  capillaries 
and  cells  from  l,he  periosteum  or  endosteum  or  from  granulation 
. J'esoriitJon  by  means  of  ^x'r/oro/'mp  canals. 


HYPffiRTBoray 

Overgrowth  or  increa,sed  formation  of  bone  is  brought  about  in 
a  great  many  ways,  and  the  l.erm  ‘  hypertrophy  ’  has  been  applied 
in  a  somewhat  loose  manniu".  d'he  examples  of  true  functional  or  com¬ 
pensatory  hypertrojihy  form  only  a  small  proportion  of  the  cases  of 
bony  overgrowth.  It  is  I'.xemplilied  normally  in  the  increased  pro¬ 
minence  of  ridges  at  the  attachment  of  muscles  when  muscularity  is 
specially  developed.  In  a  corresponding  way  in  pathological  con¬ 
ditions  a  bone  may  enlarge  when  special  strain  is  put  on  it — for 
example,  one  bone  of  tlie  forearm  or  leg  when  the  other  is  rendered 
useless  by  ununited  fracture  or  otherwise.  But  in  the  great  majority 
of  oases,  tho  overgrowth  is  due  to  other  causes,  the  two  chief  of  which 
are  (a)  chronic  irritation  leading  to  formative  osteitis,  and  (b)  certain 
nutritional  disturbances,  sometimes  of  obscure  origin.  Examples  of  the 
former  are  the  overgrowth  of  bone  in  relation  to  syphilitic  lesions, 
chronic  suppuration,  and  occasionally  also  tuberculous  lesions  when  the 
destructive  process  is  in  abeyance.  Between  chronic  inflammatory 
and  reparative  overgrowth  it  is  often,  however,  hardly  possible  to 
draw  a  line.  The  result  in  either  case  is,  as  has  been  said,  comparable 
to  the  growth  of  fibrous  tissue  which  occurs  in  the  soft  parts  in 
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like  conditions.  Of  the  nutritional  disturbances  causing  overgrowth 
acromegaly  is  a  good  example.  Here  the  overgrowth  is  the  result 
of  hyperpituitarism — excessive  activity  of  the  anterior  lobe  of  the 
pituitary — and  in  this  disease  there  occur  superficial  thickenings  and 
irregularities  of  bone,  and  also  enlargement  of  a  bone  as  a  whole,  e.g. 
o£  the  lower  jaw.  In  generalised  osteitis  fibrosa  there  may  be  con¬ 
siderable  overgrovdh  of  bone,  though  tliis  is  of  ostoeid  tj’pe  ;  m  this 
instance  the  cause  is  parathyroid  hj^erfunctioii. 

Fluorosis.  Tlie  absorption  of  excesssive  amoimts  of  fluorine  gives  rise  to 
sclerotic  cbaiiges  in  the  bones  and  lesions  in  the  teeth,  but  the  latter  are  unusually 
resistant  to  caries.  In  animals  there  is  hypoplasia  of  the  teeth  with  mottling 
of  the  enamel  and  the  teeth  show  abnormal  wear  ;  the  mandible  and  other  bones 
become  thickened  by  deposition  of  layers  of  new  periosteal  bone  so  that  the  bone 
when  macerated  shows  a  chalky  irregular  porous  surface.  In  man  dental  hj’po- 
plasia  with  mottled  enamel  is  the  commonest  manifestation  and  has  long  been 
known.  In  more  severe  degrees  of  chronic  fluorine  intoxication  there  is  much 
new  bone  format  ion*  by  the  periosteum  and  endosteum  so  that  the  medullary 
cavities  are  narrowed  -and  the  bone  everj^where  is  of  increased  density.  Osteo- 
phytic  outgrowths  occur  and  later  extensive  calcification  of  tendons  and  ligaments, 
and  consequently  the  vertebral  column  becomes  fixed  and  immobile.  These 
changes  are  met  with  in  men  exposed  over  many  years  to  fluorine  by  inhalation 
of  dust  and  fumes  in  industrial  processes.  They  also  occur  natui*ally  iu.  man 
and  animals  in  districts  where  the  water,  supply  is  very  hard  and  contains 
fluorine  in  excessive  amounts  or  where  water  and  soil  have  been  contaminated 
by  recent  volcanic  eruptions. 


EePAIR  of  FRACTUItE 

The  process  of  repair  of  bone  proceeds  on  the  same  lines  as  in  the 
case  of  the  soft  tissues ;  if  we  substitute  osteoid  and  osseous  matrix 
for  collagenous  fibrils,  the  analogy  will  be  seen  to  be  very  close. 
In  both  kinds  of  tissue,  the  activity  of  the  cells  concerned  is 
directed  in  the  first  place  to  occupying  the  breach  of  continuity,  and 
thus  an  abundant  new  formation  of  cellular  tissue  is  seen.  Then 
follows  the  formation  of  matrix,  and  the  gradual  acquisition  of  the 
characters  of  the  adult  tissue.  In  a  fractured  bone,  not  only  has  the 
breach  to  be  filled,  but  it  is  manifestly  desirable  that  the  necessary 
support  should  be  given  as  quickly  as  possible,  and  this  end  is  attained 
by  the  formation  of  a  large  amount  of  spongy  bone  (Fig.  531).  Once 
the  bony  support  has  been  supplied,  there  follows  a  process  of  con¬ 
siderable  duration  in  wliicb  the  bone  formed  in  excess  is  graduall}^ 
absorbed,  wMle,  at  the  same  time,  condensation  of  the  bone  forming 
the  union  occurs,  and  the  Haversian  systems  with  their  lamellse  are 
arranged  so  as  best  to  give  the  necessary  support  according  to  the 
strain  put  on  the  bone ;  thus  permanent  union  is  attained. 

^  STBTJCTTJitAL  Chahges.  When  a  bone  undergoes  a  simple  fracture 
there  is  necessarily  tearing  of  blood  vessels  and  of  the  soft  tissues, 
and  a  variable  amount  of  haemorrhage  occurs  between  the  broken 
ends.  The  periosteum  is  usually  tom  through  and  separated  from 
the  bone  to  a  varying  extent  in  the  neighbourhood  of  the  breach. 
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I5lc'i“(liii,!j: soon  (^iNUsos  a, ml  laia.^iila^iion  ol" t,h(!  ('ffnw'd  blood  (aanirs.  Soon 
iilici'(‘  Follows  a,  foa.cFion  on  l.lio  part,  oF  l,|i(>  vossc-ls.  M’lioi'o  is  exudation 
From  tlunn  which  lea,ds  to  a,  swellinc;  oF  the  tissues  at  tlu*  site  einigra- 
tion  ol  leuco(^ytes  a, Iso  oe.curs,  thesfv  (x'lls  wanderiiiff  into  the  blood 
clot  and  aiding  its  a,l)soi'|)tion.  Such  phenomena  are,  however  of 
eoinparatively  short  dura, tion  a,nd  soon  pass  oiF  in  a  simjale  aseptic 
Frardvnre  kept,  at  rest,  d'he  piaxa-ss  oF  healing  begins  by  |)roliferation 
ot,  ecdls  and  new  Forma, tion  of  blood  vessc'ls.  d’he  proliferation  takes 
l)la(a“  :m  ec'lls  ot  tin'  (nidpstenm  and  of  the  deep  or  (■.arnbinm  layer  of 
the  :|)eriost,eum,  as  w(>ll  a,s  in  .adls  (hnived  from  the  homy  especially 


,In(J.  li.il.  -,Pi*()V'isiima.l  ca.llus.  M'Ih'H'  is  n\iicl>  ropina.ldon  of  tn\,b('!C,uliu'  hoiio,  with 
in  tlu^  1)vp<»’<h’  portions.  No^(^  tlu^  nntinius  oCtlio  U>m 'norioHtovim 
Hurroinuh'd  hy  now  hoiip'.  v  in. 


iroiti  tlu‘  cajuils  vvhi(^h,  in  r(\<*'i(),n,  of  thn  fraciture,  become 

Houuwvhat  \vi(l(Mu^(l  by  jibsorpiion  of  the  him(\  All  theHo  cells  possess 
ost<(H)^<'ni(‘  iiin(‘tion,  i.hal  is,  a.r(*  osi-(‘()bUists.  l^'he  new  blood  vessels 
accH)io|)ani(‘(l  by  ih(^  (u^lls  y^row  out  from  tlu^,  pre-existhip;  blood  vessels 
and  muike,  thenr  wa,y  iid,o  tlu'  cloi,,  which  giudiially  b(H*.omes  replaced 
by  a  (udlular  ujul  vasc.ular  i.issiu^.  W1km*<^  it  is  in  contact  with  the 
fraetur(>  a.  (‘(^rtain  a, mount  of  nLsorption  of  bone  occurs,  as  can  he 
s(H>n  in  ra(liograj)hs. 

In  this  newly  formed  tissue^  iJuj  youn^ji;  bonc^  cells  have  branching 
p!*oc(^ssi^s  from  wlu(^h  (l(di(^at<^  fibrils  pass  in  all  dirocitions.  In  the 
pro(‘.(vss  ot  bone  formation  tlu^  fibrils  ar(^  scam  to  f)ec()me  enclosed  in 
a  iSouK^what  homogtmoous  matrix,  in  wbi(^h  the  young  ])one  cells  or 
osteoblasts  also  become  embedded  (Fig.  532).  Thus  osteoid  tissue  is 
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formed,  and  this  becomes  osseous  or  bony  tissue  by  deposit  of  Kme 
salts  in  it.  The  process  occurs  in  a  reticular  manner  or  in  trabecula, 
around  which  the  various  transitional  stages  described  can  be  seen. 
Such  a  mode  of  ossification  is  sometimes  spoken  of  as  ‘  metaplastic/ 
though  the  term  does  not  seem  to  us  a  suitable  one.  It  is  seen  also 
in  various  other  pathological  stages  where  new  formation  of  bone  is 
rapidly  going  on.  The  newly  formed  bone,  which  has  a  somewhat 
spongy  character,  comes  to  enclose  and  unite  the  ends  of  the  fractured 
bone,  and  is  known  as  the 


provisioyial  callus  (Fig.  531). 

This  callus  is  sometimes 
artificially  divided  into  an 
internal  caUus  in  the  medul¬ 
lary  cavity,  an  intermediate 
callus  between  the  ends  of  the 
bone,  and  an  external  callus 
outside.  The  amount  of 
callus  varies  very  much  in 
different  cases,  and  is  least 
abundant  in  the  case  of  clean 
fractures,  where  there  is 
satisfactory  apposition  and 
the  parts  are  kept  well  at 
rest.  On  the  other  hand, 
when  there  is  movement  or 


Fig.  532. — Trabecular  formation  of  bone, 
showing  transition  between  cellular 
tissue  with  branching  cells  and  bone 
trabeculae.  X  200. 


when  there  has  been  spMnter- 

ing  of  the  bone,  callus  m  excess  is  apt  to  be  produced.  Whilst 
the  newly  formed  tissue  is  mainly  a  vascular  osteoid  and  osseous 
tissue,  islets  of  young  cartilage  also  may  occur  in  it.  This  is  often 
a  prominent  feature  in  the  lower  animals  and  occurs  in  the 
human  subject,  especially  when  there  is  a  considerable  degree  of 
movement.  The  provisional  callus  is  formed  comparatively  rapidly 
and  its  object  apparently  is  to  bring  about  union  as  soon  as  pos¬ 
sible.  The  next  stage  is  one  of  strengthening  the  union  and 
adapting  the  configuration  of  the  bone  according  to  the  functional 
requirements.  Parts  of  the  callus  are  penetrated  and  resorbed  by 
new  blood  vessels  surrounded  by  osteoblasts,  and  these  cells  then  lay 
down  bone  by  lamellar  apposition  in  the  form  of  Haversian  systems 
(Fig.  534).  This  process  goes  on  until  a  more  compact  type  of  bone 
is  produced,  which  forms  the  permanent  union — ^this  is  known  as  the 
^'definitive  callus.  At  the  same  time,  the  external  callus  is  to  a  great 
extent  absorbed,  so  that  if  there  has  been  proper  apposition,  the 
configuration  of  the  bone  is  largely  restored.  When  the  bone  has 
united  in  a  bad  position,  the  newly  formed  bone  is  not  only  more 
abundant  but  is  arranged  and  moulded  in  a  striking  way,  according 
to  the  muscular  requirements  (Fig.  533). 

In  the  case  of  a  compound  fractufe^  i.e.  when  the  skin  is  penetrated, 
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re|>M'i''  pwK'i'cds  in  Niinilar  nuumcr,  l)iit,  tlto  cuti:aiioc  of  oivraaism^, 
iiuiy  oa^iiso  siipiMirafion  in  pianos,  wliicli  infoiiorais  wifli.  tlio  forniatioii 


of.  callus  and  may  louid  also  to  flu^  n^soi'ijtion  of  callus  alnawly  funned 
Wlion  fhoi’c,  is  exit  foe  t.lui  i)iis  the  luailiiiK  ta,kos  plan('.  vta.y  much  as 


Kia.  r);M..^.^^:i,>ro<>eKH  of  lamollai:  oHHififuitioiu 

Ulo  layor  oC  OHto.oblastH  aurrtnuuIinK  Uk^  newly 
formed  (.ruheculie,  x  (U). 


in  a,  .L>ra.nu latino;  woimd ; 
('Iun‘(^  is  an,  adva^noing  line 
<>l;  o  r  (I  i  n  a-  r  y  ^n'anxilation 
iissiK^  behind  whi(di.  bone 
(orina^tiou  goes  on,  and  ulti- 
nuii(‘Iy  a.ny  sj)ae,(^s  occupied 
by  pus  may  be  obliterated 
aj)(l,  tlu^  |)ro(^(‘ss  of  bone 
formafion,  nniy  be  com- 
phdKHl,  Just  as  ill  the  soft 
tissues  wlien.^  there  is  long 
<;  0  u  t  i  n  u,  e  d.  suppuration, 
nuK^li  overgrowth,  of  fibrous 
tissue  oceairs,  so  in  the  case 
of  (compound  fracture  there 
may  bo  oonsiderable  and 
ir‘r( Aguiar  fornuitiou  of  new* 
boiKx  When,  a  portion  of 


dead  boiu^.  is  present,  it 
Ix^eomes  a  nidus  for  orgamisinal  growth,  and  pus  forms  around  it; 
a.n(l  su[)j)urH.ti()n,  may,  in  t-his  way,  ki^pt  up  for  an  indefinite 
p(u-io(l  ol  tinug  f.lu^  pus  Ixhug  disehargixl  from  the  sinus  wliich  leads 
down,  to  the  dead  bomx 


luAUsoLANTATioN  OK  .BoNK.  This  procedure  is  employed  to 
restore  gaps^  in  boiug  eauscxl  by  fi'acduirci  or  lux'.rosis,  and  for  other 
purposes.  Iho  bone  is  ordinarily  used  in  the  living  state  as  a  single 
transplant  or  as  small  .Iragnumts  ;  it  is  usually  takim  from  the  patient 
a  utopia, she  transplant.  Viuy  smaa^ssful  n^sults  arc  obtained  by 
transphuitation,  but  tlu^  bone  aef/S  niaiuly  as  a  scatfolding  on  which 
new  bone  may  ho  fornual  and  proliably  also  by  stimulating  ossification.  ® 
ihat  mere  liresenc.e  of  lime*,  salts  may  aid  in  tbe^  latter  way  is  indicated 
hy  the  <)C(au'r<m(a^  of  ossiliiaition  in  e,oun(‘(di.on  witii  cakaireous  deposits 


BONES 


889 


ill  the  soft  tissues.  Even  in  the  case'  of  living  autoplastic  grafts,  only 
the  cells  in  the  superficial  parts  of  the  bone  can  derive  nourishment 
from  the  tissue  fluids  and  survive.  The  rest  of  the  bone  dies  ;  it  is 
largely  resorbed  or  portions  may  become  incorporated  with  the  living 
bone  as  an  inert  substance.  The  preservation  of  the  periosteum  is 
believed  to  be  of  importance  as  it  contains  osteoblasts  which  may 
participate  in  the  formation  of  new  bone. 


INFLAMMATORY  CHANGES 

Different  terms  are  applied  to  inflammations  of  bone  accord¬ 
ing  to  the  site — periostitis,  osteitis  proper,  and  osteomyelitis — 
but  these  should  not  be  taken  as  indicating  separate  affections  ; 
one  may  lead  to  another,  and  sometimes  all  three  are  present 
together.  If  a  bone  as  a  whole  during  the  period  of  growth  is 
considered,  it  will  be  seen  that,  with  the  exception  of  the  parts  in 
relation  to  cartilage,  it  consists  of  fully  formed  osseous  tissue  enclosed 
everywhere  by  a  cellular  osteogenic  layer — the  tissue  along  the 
Haversian  canals,  the  periosteum,  and  the  endosteum  between  the 
bone  and  the  marrow.  In  the  adult  this  layer,  though  comparatively 
uiactive  and  less  in  evidence,  is  still  potentially  capable  of  renewed 
activity.  Pyogenic  organisms  carried  by  the  blood  stream  may  settle 
in  any  part  of  this  tissue  and  thence  spread  to  other  parts,  and  such 
infection  occurs  most  frequently  in  the  earlier  years  of  life  before 
ossification  has  been  completed. 

Acute  Osteomyelitis.  This  is  a  relatively  common  affection 
and  one  of  great  importance  on  account  of  the  serious  results  which 
are  produced  by  it.  Its  occurrence  is  definitely  related  to  the  period 
of  active  growth  of  bone,  and  is  commonest  between  the  ages  of  8 
and  12  ;  boys  are  more  frequently  affected  than  girls.  It  has  been 
observed  that  the  disease  is  often  less  severe  in  very  young  infants. 
It  has  been  shown  experimentally  that  the  bones  of  young  animals 
are  most  susceptible  to  infection  when  staphylocoeci  are  injected  into 
the  blood.  In  the  human  subject  the  bones  most  frequently  affected 
are  the  long  bones  of  the  leg  and  arm,  especially  the  femur  and  tibia, 
though  other  bones  such  as  the  clavicle,  scapula,  ribs,  and  occasionally 
a  phalanx,  vertebra  or  pelvic  bone,  may  be  the  seat  of  the  disease. 
Sometimes  multiple  lesions  occur.  Whilst  suppurative  osteomyelitis 
may  be  produced  by  various  pyogenic  organisms,  by  far  the  commonest 
cause  is  the  Staphylococcus  aurms^  and  especially  is  this  the  case  in  the 
severest  types  of  the  disease.  The  Pnmmococcus  comes  next  in  order 
of  frequency,  whilst  the  other  pyogenic  organisms  are  relatively 
uncommon  as  causal  agents.  There  may  be  an  inflammatory  or  sup¬ 
purative  lesion  elsewhere  from  which  the  organisms  are  carried  to  the 
bone,  but  not  infrequently  the  path  of  entry  cannot  be  traced  and  is 
probably  some  slight  lesion  of  the  skin  or  a  mucous  membrane. 
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STKUOTintAi,  (!iian(!ics.  Ill  11)0, st,  (ia.so.s,  tlio  primary  .scat  is  in  the 
spongy  part,  of  t-lio  hone,  usna.lly  towards  the  end  of' tin,  diaphysis 
i.e.  in  the  tnetaphysis,  and  Croin  this  hoth  medullary  cavity  and 
pci-io.steiiin  may  heeome  involved.  When  tlic  oi-franisms  reach  the 
medulla  ry  cavil, y  of  a.  long  hone  t,he  suppuration  ofti'-n  sjircads  widely, 
so  t,ha,l,  l,he  cavit,y  heeomes  largely  oecujiied  hy  pus.  At  the  epiphy- 
.sea.1  line,  when  o.ssilieation  is  going  on  in  a  young  suhjcct,  extension 
of  the  pus  occurs  more  rea,dily  in  a  transverse 
direct,i()n  tha,n  onwards  into  the  epiphysis  on 
account  of  the  a,va8cular  nature  of  the  epiphyseal 
|)latc.  J.he  infection  readies  the  periosteum 
in  l,his  way  or  l,y  tlio  Haversian  canals  and 
si)ic!ids  a, long  l,he  shaft,  as  the  attachment  of 
the  p('rios(,cum  at  the  epiphysis  usually  prevents 
i(,s  l,ra, veiling  over  the  latter.  Ultimately,  a 
largo  pa,r(,  or  even  the  whole  of  the  diaphysis 
hi'coim's  diMuidcd  of  its  periosteum  and  is  bathed 
in  pus.  'Phe  pus  may  bunst  through  the 
perios(,eum  jind  lead  to  diffuse  suppuration  in 
the  museli's  a.nd  otlier  soft  tissues,  and  later, 
if  the  eondit,ion  ho  jiot  treated,  may  come  to 
discha,rg(‘(‘.\(,(‘rna,lly.  Oiaaisionally  certain  joints 
ina.y  hcconu'  secondarily  involved  and  sup- 
pura,tiv('  a,r(,hri(,is  raa,y  lie  set  up,  but  this  is 
ill  (‘liildiH^n. 

The  Huppurativc  changes  described  have 
an  iinporiant  (d!cct  in  leading  to  necrosis  of 
IioiUL  iSuppurativo  periostitis  by  itself  leads 
to  iK'c.rosis  of  only  a  superficial  layer  of  bone, 
owing  1.0  t.hc  anastomoses  with  the  vessels 
Fi(3  515  w  the  iateri()r  of  the  bone  ;  whilst 

train  of  .slmlT^^of  of  su;p[)urative  osteomyelitis  also, 

t.ihia  from  a  v.tim  tlumxvsultiug  n(HO‘osis,  tliough  Varying  ill  degree 

of  aoutio  Huppura,-  acuiording  to  the  amount  of  vascular  involve- 

No(;o  Mui  paiUai  ai.Horp.  to  the  neighbourhood 

tiorj  ofuuj  hoiiB ut  itHOdKiH,  of  tlu^  sup[)uration.  If,  however,  both  lesions 

a.rc  exlmisivci  at  tb(^  same  time,  the  corre¬ 
sponding  bone  is  (iomphdx^.ly  dc]>rived  of  its  blood  supply  and 
undergoes  necrosis.  Ksp(K:vially  will  Ibis  ho  the  case  when,  as  may 
happen  with  a  la.rg(^  accumulation  of  pus  under  the  periosteum, 
the  nutrient  artery  bc<;om(^s  involved  and  thrombosis  occurs  in 
it.  In  extreme  casi^s,  death,  (,)f  the  whole  diaphysis  may  result, 
and  then  the  dead  bone  becomes  separated  from  the  epiphyses 
and  forms  a  large  sr(/ife.sfri(ni<  (h'ig,  515).  At  certain  parts,  especi¬ 
ally  towards  tlu^.  ends,  the  dea(i  bone  may  become  eroded  by 
granulation  tissue,  and  irregular  absorption  thus  results  ;  but  the 
part  actually  bathed  in  pus  undergoes  little  change  and  thus 
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the  surface  of  the  dead  hone  may  remain  smooth  for  a  long  time. 
As  the  process  becomes  less  acute,  new  bone  is  usually  produced 
under  the  periosteum  and  this  may  form  an  encasing  sheath  to  the 
dead  bone,  known  as  a  ‘new  case’  or  involucrum.  This  new  bone 
is  somewhat  irregular  and  is  often  perforated  by  openings  or  cloacse 
by  which  the  pus  beneath  communicates  with  pus  outside  or  with  a 
discharging  sinus.  Nowadays,  because  of  the  prompt  antibiotic  treat¬ 
ment  usually  carried  out,  these  changes  are 


not  often  met  with,  but  in  previous  times, 
extensive  new  formation  of  bone  was  not 
uncommon  (Fig.  o36). 

We  have  described  the  disease  in  its  severer 
forms,  but  suppuration  may  sometimes  impli¬ 
cate  only  a  part  of  the  medullary  cavity,  and 
then  great  thickening  of  bone  occurs  around  it ; 
the  medullary  cavity  above  and  below  it  may 
be  closed  by  reactive  formation  of  bone. 
The  term  ‘  Brodie’s  abscess  ’  is  applied  by 
surgeons  to  a  local  abscess  of  chronic  nature 
usually  situated  in  the  metaphysis  of  a  long 
bone.  It  is  as  a  rule  surrounded  by  dense 
bone  and  may  give  rise  to  external  swell- 
tag.  The  contents  of  the  space  may  be  pus, 
but  in  very  chronic  cases  are  often  a  clear 
fluid  which  may  be  sterile.  The  condition 
apparently  represents  a  localised  pyogenic 
affection  of  the  bone  which  has  undergone 
healing. 

Complications.  In  addition  to  the 


severe  lesions  in  the  bones  produced  by 


suppurative  periostitis  and  osteomyeHtis,  fig.  536.— Femur  from  a 

these  affections  may  lead  to  a  very  grave  case  of  long-standing 
general  infection.  This  is  especially  the  case  erio' 

in  osteomyehtis  due  to  staphylococci,  where,  stitis,  showing  tli@ 
owing  to  the  production  of  coagulase  by  these  irregular  formation  of 
organisms,  the  dehcate  vascular  channels  in  sec^e^tri^ 
the  marrow  commonly  become  thrombosed  ; 

suppurative  softening  of  the  thrombi  allows  the  organisms  readily  to 
invade  the  blood,  and  pysemia  with  abscesses  in  the  lungs,  kidneys, 
myocardium,  etc.,  and  even  ulcerative  endocarditis  may  be  produced  ; 
these  secondary  lesions  may  take  place  when  the  affection  of  bone  is 
not  extensive  or  is  at  an  early  stage.  The  causal  organisms  are 


present  in  the  blood  and  may  be  obtained  from  it  by  culture.  Secondary 
abscesses  are  less  frequent  in  the  case  of  infections  with  other  bacteria, 
though  multiple  septic  arthritis  maj^-  follow  when  streptococci  are 
present.  In  former  days  amyloid  disease  was  not  infrequent  as  a 
result  of  the  long- continued  suppuration  with  sinuses  which  often 
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r()ll(.\v(‘(l,  l)ut,  ('orl.MiuiL'Iy  Chi.s  i.s  now  of  roliitivdy  ,.,,,,.0  ocnir 

Th(‘  jwooinif,  given  eoncnrns  the  disoiiso  in  its  eoinmono,st  and  most 

se.vere  type,  ordinarily  due  to  the 
AVa./j/n/fororrvM  a.ure%s,  but  milder  types 
are  met  witli.  Pneumococcal  infection 
in  tlie  commoneHt  of  these  and  is  met 
with  esp(>,cially  in  infantB  and  young 
ciliildren.  .Fraser  found  it  in  18  per 
cent,  of  all  cases  of  ostoomyolitis.  The 
exudate  may  not  pass  beyond  the  stage 
ol  being  a  turbid  serum,  and  resolution 
may  occur.  Somotimes,  however,  sup- 
{)ii ration  foilowH. 

Acute  P criostitis ,  Wliat  is  often 
called  acute  perio.stitis  may  occur  as 
the  result  of  trauma,  the  condition 
bcMiig  then  of  tlie  nature  of  inflammatory 
(Edema  with  swelling,  with  little  accom- 
panying  h'ucocytic  infiltration.  Apart 
from  this,  it  is  produced  by  bacterial 
invasion  and  often  assumes  a  suppura¬ 
tive  character.  It  may  result  from  an 
,  e.xtcrnal  wound  or  from  the  extension 
of  organisms  from  an  ulcer,  or,  in  the 
cas((  of  tlie  jaws,  from  a  carious  tooth. 
Kiu.  5:t7..^  «u|,,iun,,  In  most  (uuscs,  howevor.  and  in  those  of 

iiv(f  oHiooinyoliIdH  ot  (cMmir.  ,  ’  vx,  cuaxu.  am  uaauoc  ua 

Tim  lower  |,ar(,  „(  u,„  nuMiiiiinry  form,  tlio  infection  is  by  means 

cavity  coutiuiis  pim  uiid  Mi’niiuintjoii  Ol  ilu^  I)I()0(1  Htroani,  and  orffaiiisms  of 

tiHHUc;  there  in  HeleroHls  ol‘  hone  ,  ,  ,  ,  ?  ■  ux^thxuwuis  OX 

aroiiud  and  <,lie  nHuiullury  eavii.y  VaiMOiUS  IvlIuLs  lUaV  1)0  COllCCmed  Till- 
above  i.s  Ghliterated.  Opidiiii^  on  rihdit.  .l/.mlOwwIKr  j.  j;  •*  ii  r 

in  opi'rationid.  <ioiu)U.(ily,  tlic  gravcst  forin.  IS  that 

^  I )ix)d  uci)d  by  Htaiphylococci,  and  especially 

by  the  St((/j)hyl()r()ccu,s'  (hurcu,s\  and  this  is  iiHually  associated  with  and 
Hwomhuy  to  (Kslnoinycditis,  as  JxaiS  b(‘on  described  above.  Suppurative 
periostitis  may,  however,  be  prodneu'd  by  streptococci,  by  pneumococci, 
B.  cok  and  Jk  k/pIio.sKs.  Idu'.  last  inciitionod  occasionally  produces 
successive  periosteal  inllainrnations,  cspe(dally  of  the  ribs,  a  consider¬ 
able  time  aft(.u“  an.  attack  of  typhoid,  Jf  periostitis  is  attended  by 
much  suppuration,  the  pus  may  bunst  througli  the  periosteum  and 
lead  to  suppuration  in  the  tissues  outside ;  whilst  in  slight  cases  the 
pus  may  become  encapsulated  and  inspissated  and  this  may  be 
attended  by  some  thickening  of  the  bone. 

A  form  of  suppnrativo  affection  of  bone  with  necrosis  sometimes  occurs, 
amongst  workers  exposed  to  the  action  of  the  fumes  of  phosphorus' — hence 
known  as  phosphorus  necrosis*  The  lower  jaw  is  usually  the  seat  of  the  disease, 
though  the  upper  jaw  is  sometimes  involved.  The  action  of  the  phosphorus 
is  favoured  by  the  presence  of  any  local  lesion  such  as  a  carious  tooth,  and  the 
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pathological  changes  are  usually  of  very  chronic  character.  At  first  there  is 
a  clonic  periostitis  and  osteitis  as  the  result  of  the  irritation,  and  new  formation^ 
of  bone  occurs  on  the  surface  ;  in  this  way  the  affected  bone  becomes  irregu¬ 
larly  thickened.  The  most  serious  effects  occur  later,  and  are  the  result  of 
mv^ion  by  pyogenic  organisms  which  lead  to  suppuration  underneath  the 
periosteum.  The  suppimative  process  then  tends  to  spread,  and  ultimately 
a  large  proportion  of  the  jaw  may  undergo  necrosis.  As  in  other  cases  of  necrosis, 
new  formation  of  bone  may  take  place  underneath  the  periosteum,  and  when 
the  sequestrum  is  separated  or  surgically  removed,  a  considerable  amount  of 
restoration  of  bone  may  follow.  Necrosis  of  the  mandible  has  also  been  observed 
to  follow  the  ingestion  of  radioactive  salts,  which  are  stored  in  hone. 

SPECIFIC  INFLAMMATIONS 

Tuberculosis  of  Bones.  In  considering  this  subject  it  trill  be 
convenient  also  to  deal  with  the  disease  as  met  with  in  joints,  the 
lesions  in  the  two  situations  being  so  often  associated.  In  the  great 
majority  of  cases  tuberculosis  of  bones  is  hsematogenous  ;  that  is,  it 
is  the  result  of  a  few  bacilli  being  carried  by  the  blood  stream  from 
tuberculous  lesions  elsewhere,  for  example,  in  lungs,  lymph  nodes, 
etc.  Less  frequently,  it  results  from  l3miphatic  spread  from  a  tuber¬ 
culous  lesion  in  the  vicinity,  sometimes  from  a  tuberculous  joint.  The 
disease  usually  starts  in  the  spongy  bone,  and  is  oftenest  met  with 
in  the  small  bones  of  the  hands  and  feet,  vertebrae,  spongy  parts  of 
the  long_bqnes  of  the  limbs,  especially  in  the  metaphyses  and  epiphyses. 

Affection  of  the  bones  of  the  cranial  vault  is  relatively  uncommon _ 

a  contrast  to  what  is  seen  in  syphilis  ;  hut  the  disease  is  not  so  rare 
at  the  base  of  the  skull,  e.g.  in  the  petrous,  body  of  the  sp^noid,  etc. 
No  bone,  however,  can  be  said  to  be  entirely  exempt.  In'^ childhood 
the  Vertebral  column  and  the  bones  of  the  lower  limbs  are  the  com¬ 
monest  sites  \  affection  of  the  bones  of  the  upper  limbs  becomes  more 
frequent  as  age  advances.  Primary  lesions  do  not  often  occur  in 
connection  with  the  periosteum—here  also  there  is  a  contrast  to 
syphilis  ;  they  are  sometimes  met  with  in  the  ribs  and  bones  of  the 
face,  but  chiefly  as  the  result  of  spread  from  adjacent  disease.  Bones 
may  be  affected  by  tuberculosis  at  any  period  of  Hfe,  but  its  occur¬ 
rence  is  commonest  in  childhood  and  early  life  ;  in  children,  it  is  in 
most  cases  secondary  to  tuberculosis  of  lymph  nodes  or  a  pulmon¬ 
ary  lesion  can  be  found.  In  a  considerahle  number  of  cases  the  origin 
of  the  disease,  both  in  bones  and  joints,  has  a  relation  to  injury, 
and  it  has  been  shown  experimentally  that  when  the  bacilli  have  been 
introduced  into  the  blood  stream,  trauma  favours  their  settling  at 
the  site  and  producing  a  lesion.  It  has  been  suggested  by  some  that 
injury  may  be  the  means  of  waking  up  a  dormant  tuberculous  lesion, 
and  this  also  has  to  be  regarded  as  a  possibility,  especially  in  view  of 
the  fact  that  tubercles  not  infrequently  undergo  a  process  of  healing. 

The  part  played  by  the  two  types  of  tubercle  bacilli  in  bone 
and  joint  tuberculosis  varies  greatly  in  different  places.  As  a  rule, 
the  human  type  is  present  in  the  vast  majority  of  cases,  hut  in 


Scotia, lid  uhoiit  35  pcvr  ecviit.  of  tlio  cawes  liave  'beoi  duo  to  the 
bovine  t^/fx^;  tliis  lias  l•(aH‘ntly  lioon  t*o(Iu(‘(xI  (,0  aJiout  12  per  cent 
STEiJcrriTEAL  Cha;n(i:ks.  Wl:ien  tubcrck^-  liacilli  liave  settled  in  the 
marrow  of  spongy  l)one  they  give  rise  to  the  usual  result,  namely, 
the  foriiiatioii  of  tul)e.rcles.  This  i,nitia,l  lesion  then  extends  and 
may  assume  one  of  two  main  types,  tliough  intermediate  con¬ 
ditions  are  mc't  with.  Tluan  nia.y  bt^  little  or  no  caseation,  and 

niuc-h  soft  gra<nulation  tissue  may  be 
formed,  of  structure  similar  to  that 
seen  i:n  the  synovial  memlirane  of  joints 
— wl,uit  is  sometimes  called  ‘  tubere^ii- 
lous  fungus/  Its  growth  is  attended 
l)y  absorption  of  bone  or  caries  (Fig, 
538),  and  sometimes  tlie  bone  in  the 
vicinity  not  yet  invaded  may  be- 
(icrme  more  porous  owing  to  atrophy 
of  tlie  traliecuhB.  The  lesion  may, 
how(na,„a*,  assume  a  caseating  type, 
tlie  newly  fowned  tissue  undergoing 
caseous  necrosis,  wliile  the  partly  ab- 
sorlied  bone  trabecuhe  become  broken 
u|:)  and  mixed  with,  tlie  caseous  material ; 
tills  is  well  exemplified  in  the  case'  of 
tlie  veilxdiran  Again,  portions  of  bone 
may  becxime  surrounded  by  the  caseous 
eliange  and  undergo  necrosis  before 
they  have  been  absorbed,  and  thus 
sequestra  are  for„med— the  condition 
l:)eing  known  as  carionecrosis.  Occa* 
sionally  necrosis  may  occur  in  infarc- 
tion-likc  areas  by  interference  with  the'' 
arterial  blood  supply.  This  is  specially 
secu-i  in  the  epiphyses,  where  the  base 
of  a  w(Hlg(vsliap(xl  necrotic  area  is  at 
the  surfa(‘.e  of  the  bone  under  the 
cartilage;  in  this  way  tln^  disease  may  extend  to  the  joint.  The 
cause  of  such  necrosis  is  probably,  in  most  cases,  a  tuberculous 
endarteritis  of  nature  simihir  to  that  seen  in  tuberculous  menin¬ 
gitis.  By  a  combination  of  the  conditions  mentioned,  namely, 
formation  of  tubercailous  granulation,  tissue,  carious  absorption 
with  caseation,  and  actual  lUH^rosis,  great  destriudion  of  bone  is 


Fj(U  .niSH.-  Porilon  of  xxx'lit^bral 
column,  Hhovvin^  (IciHlructive 
cluinp^OHcauHoU  by  I  ubcrcuilouH 
ca,ri('H  (uuic.orarod  and  dried 
Hpo(;iineu). 


often  produced. 

Rnsux/rs.  In  some  cases  the  tuberculous  foci  may  undergo  heal¬ 
ing  and  become  surrounded  by  fibrous  tissue  or  by  sclerosed  bone. 
This  is  of  common  occ.urrencib  csj)ecially  in  the  early  years  of  life. 
Overgrowth,  however,  of  bone  is  relatively  little  in  evidence  as  com¬ 
pared  with  what  occurs  iii  syphilis.  It  must  be  borne  in  mind, 
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however,  that  tubercle  bacilli  may  remain  in  these  healed  foci  for 
a  long  time,  and  thus  the  disease  may  become  again  progressive  at 
a  later  period.  Instead  of  healing,  the  disease  may  go  on  spreading 
and  affect  other  structures.  It  may  mvolve  a  joint,  either  by  reach¬ 
ing  the  articular  cartilage  by  direct  extension  or  by  involving  the 
periosteum  and  then  the  capsule  of  the  joint.  When  the  periosteum 
becomes  affected  the  caseous  material  is  often  invaded  by  poly- 
morpho-nuclear  leucocytes  and  softened ;  thus  caseous  pus  may  result 
and  by  progressive  accumulation  may  form  a  large  collection.  "^This  is 
common  m  connection  with  the  bodies  of  the  vertebra,  and  the  pus 
may  penetrate  the  sheaths  of  muscles  and  extend  hi  their  substance. 
In  this  -way  when  the  lower  vertebrae  are  involved  a  psoas  or  limibar 
abscess  may  be  produced,  and  the  caseous  pus 
tracks  along  the  psoas  sheath  to  point  in  the 
inner  aspect  of  the  tliigh.  When  the  disease  is 
of  the  cervical  vertebrse,  a  large  collection  of  pus 
may  form  behind  the  pharjnix — ^retro-pharjmgeal 
abscess.  As  the  substance  of  the  vertebral  bodies 
is  involved  by  the  caseous  process,  they  jdeld 
or  collapse  in  front,  and  thus  angular  curvature 
of  the  spinal  column  results,  v^hich  is  known  as 
Potfs  disease.  Ultimately  the  spinal  cord  may 
become  involved  and  its  functions  interfered  with 
in  a  transverse  lesion.  OceasionaHy  the  atlas 
vertebra  is  the  seat  of  disease,  and  its  articula¬ 
tion  with  the  occipital  bone  and  also  the  process 
of  the  axis  may  be  involved.  Sudden  death 
may  result  from  yielding  of  the  structures  and 
resulting  pressure  on  the  upper  part  of  the  spinal 
cord. 

Tuberculous  lesions  of  bone  are  sometimes 
single,  or  at  least  appear  to  be  so,  some¬ 
times  clearly  multiple.  For  example,  several 
distinct  foci  may  be  seen  in  the  vertebral  column  (Fig.  539),  though 
spread  of  the  disease  by  the  periosteum  may  lead  to  successive  in¬ 
volvement  of  a  number  of  vertebrae.  In  children  sometimes  a 
number  of  bones  of  the  jSngers  may  be  involved.  The  disease  occurs 
in  the  central  parts  of  the  bones,  and  there  is  abundant  formation  of 
tuberculous  granulation  tissue  which  leads  to  absorption  and  also 
expansion  of  the  bone,  so  that  it  may  be  reduced  to  a  mere  shell. 
The  term  tuhermlom  or  strumous  dactylitis  is  applied  to  such  a  con¬ 
dition.  In  this  condition,  as  in  others,  caseous  pus  may  form  in  the 
soft  tissues  outside,  and  then  ulceration  through  the  skin  with  the 
formation  of  sinuses  may  follow.  It  should  be  added  that  tubercu¬ 
lous  lesions  in  relation  to  skin  or  mucous  membranes  may  become 
secondarily  invaded  by  pyogenic  organisms,  and  thus  septic  inflam¬ 
mation  and  suppuration  are  superadded  to  the  changes  of  tuberculosis. 


Fig.  539.  —  Multiple 
tuberculous  areas  in. 
bodies  of  vertebrse. 
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III  extensive  tiihoreuloiis  ilisoasc  amyloid  degenoratiou  may  occur  in 
the  internal  organs. 

Tuberculosis  of  Joints.  Tuberculous  disease  is  very  common 
in  joints,  the  great  majority  of  cases  occurring  in  the  early  years  of 
life.  Almost  any  joint  in  the  body  may  be  affected,  but  the  disease 
is  (ommonesl,  in  tlu^  larger  joints  of  the  limbs,  espeeially  those  of  hip 
and  l<ne(^  though  the  smaller  joints  of  the  tarsus,  eariuis,  etc.,  are  not 
seldom  siles  of  the  disea, siu  In  one  group  of  i^asi^s  there  is  a  previous 
kision  ill  a.n  adjacent  epiphysis,  ami  from  this  there  may  be  direct  spread 
b)  the  under  surface  of  the  ea,rtilag(\  or  the  extension  may  he  byway 
of  (lui  periosteum.  It  is  now  generally  aeeeple.d  tha.t  seeoiidary  exten¬ 
sion  from  the  lione  is  mneh  the  more  frecpient  oeeurrenee.  It  is  speci¬ 
ally  liable  to  happen  when,  as  in  the  hip  join!;,  the  capsule  extends 


Fia.  540.  ™  lOarly  ldi}>onuilou.s  iliHoaHO  of  knee-jomt, 

Noto  tlws  spreiul  of  vascular  Uhsuo  with  tubo.rah's  ovor  the  surface  of  tine  cartilage.  Kat.  size. 

boyoiul  Uu^  (‘<|)l|>hyiS(,Nil  WIuui  a  joint  infocttid  by  either 

route,  thoni  (xhuith  an  fonnaiion  of  tulxu'ck^H  in  the  synovial 

ineinbrano,  and  tiutsc  an^  acc'.otupainifHl,  liy  an  abundant  growth  of  soft 
golatinouis  granulation  tLssuc  ;  i»his  eonies  to  lino  the  capsule  and  grad¬ 
ually  encroaches  on,  and  produces  absorption  of,  the  articular  cartilages 
(Kig.  541),  At  an  early  stages  the  tissue  growing  over  the  cartilage 
may  form  a  thin  vascular  membrane  in  which  tubercles  may  be  visible 
(Ifig.  540),  Wlieti  tlie  granulation  tissue  is  fully  formed  it  has  often 
a  brownish-pink  and  gelatinous  ajipearancc,  aiul  while  tubercles  may 
be  visible  to  tlic  naked  (^.yc,  there  is  often  nothing  to  indicate  its  tuber¬ 
culous  nature  ;  sometimes,  however,  it  is  studded  with  caseous  patches. 
Microscopic  examination  shows  a  very  abundant  vascular  granulation 
tissue  in  which  numeroiis  giant-cell  systems  are  present,  and  not  in- 
frequently.little  caseous  change  is  seen ;  tubercle  bacilli  are  very  scanty 
/as  a  rule.  There  is  usually  a  certain  amount  of  effusion  into  the 
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joint,  at  first  clear  but  later  turbid  or  even  purulent,  tlie  pus  con¬ 
taining  a  considerable  amount  of  granular  debris  in  addition  to  degen¬ 
erated  polymorpho-nuclear  leucocytes.  These  changes  are  attended 
by  swelling,  usually  painless  and  without  signs  of  acute  inflammation 
— whence  the  term  ‘  white  swelling.’  Not  infrequently  there  are 
numerous  loose  bodies  like  grains  of  rice  or  melon  seeds,  winch  have 
a  dense  structureless  appearance.  On  microscopic  examination  some 


Fig.  541. — Tuberculous  disease  of  knee-joint,  showing  extensive  growth  of 
tuberculous  granulation  tissue  over  articular  cartilage  and  destruction  of  it. 
There  is  much  growth  around  the  patella  seen  in  upper  part  of  figure.  >: 


are  found  to  be  fragments  of  granulation  tissue  which  has  undergone 
necrosis  or  fibrinoid  degeneration,  whilst  others  are  simply  condensed 
masses  of  fibrin.  The  ligamentous  structures  become  invaded  by 
the  tuberculous  tissue,  swollen  and  softened  ;  thus  abnormal  lateral 
movement  of  a  joint  frequently  results.  Destruction  of  cartilage 
also  occurs,  partly  by  absorption,  as  already  described,  and  partly 
by  actual  necrosis  when  the  disease  reaches  it  from  the  underl3dng 
bones.  The  destruction  of  cartilage  is  usually  followed  by  extensive 
caries  of  bone  with  much  resorption;  this  is  often  a  prominent 
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fciiture  ill  (lui  liip-joinl,  for  example,  whero  tJu)  articular  end  of  the 
femur  may  he  exte.iiaivel.y  (u-oded.  There  may  be  formation  of  caseous 
foci  with  supimrative  HofleiiiiiK  in  the  caxrsulc  of  the  joint  and  in  the 
soft  tissue's  outride,  and  from  the  latter  situation  the  pus  may 
break  through  (,ho  skin  surface  and  give  rise  to  sinuses.  Ulti- 
ma(,ely  (.he  alTeoted  joint  may  become  completely  disorganised.  In 
favourable  eases,  and  <ispceially  when  the  joint  is  immobilised,  the 
dest.rue.tivo  changes  may  be  arrestiid,  and  there  then  follows  absorp¬ 
tion  of  the  tubm-culouH  tissue,  with  growth  of  fibrous  tissue  ;  and  in 
this  way  tlie  joint  becomes  fixed  in  greater  or  less  degree.  Even 
where  there  is  considerable  carit's  of  the  bone,  healing  may  follow. 
Osteophytic  growt.hs  form  at  (.he  eroded  margins,  and  by  their  union 
osseouH  ankylosis  may  follow. 

The  al)c)v(^,  (k'sciripiion,  applies  to  tlio  disease  as  commonly  met 
with  in  a  largo  joint,  but  the  (auinges  in  the  smaller  joints  are 
of  corresj)on(ling  nature.  Sonuaimevs,  however,  the  disease  is  very 
chronic,  and  tlu^.  chang(\s  iiri)  more  of  an  atrophic  type,  attended 
with  gradual  (U'osion  of  tlu^  <*,ariiila.ge  and  new  formation  of  bone  at 
th(^  margins.  This  condition  is  (^aflcd  ‘  tuhereulosis  sicca,'  and  it 
may  simidaitc''  osic^o-airthritis  in  its  (characters.  It  occurs  in  the  later 
y(‘ars  of  lih',  aaid  the  slumlder-joint  is  the  commonest  site  of  the 
ad’eetioa. 

TvharcK foils  Tenosi/nomtis.  Ihdxaxadosis  may  also  affect  the 
hmdon  sheuiths,  (^spcx^ially  tlu^  (lexor  slu^ath  of  tlu^  wrist,  and  the 
(•.hangers  r(\sidting  r(‘H(unl)l(^  th()s<^.  in  joints.  TIhu’c  may  be  great 
(effusion  of  lliiid  into  the  sluNith  and  imdon  seed  ’  hodms  may  form 
ill  the  fluid,  or  tluu'(‘  may  (^\i,(msiv(^  gr'owth  of  exiil)(M*a,ut  granulation 
tissue  in  tlu^  iuhuaor  of  tlu^  sluaiths. 

Syphilis  of  Bones.  Afkxdions  of  the  osseous  system  are  common 
in  the  tertiary  stage  of  sy[>hilis.  As  (x)mpared  with  tuberculous  disease, 
formative  processc^.s  ar(‘i  more  in  evidence,  and  accordingly  there  is 
more  iiTCgular  pr(xhi(*.tion  of  hone  as  the  result.  Another  point  of 
differeuco  is  that  the  hvsions  most  cjommonly  originate  in  the  perios¬ 
teum,  whereas  in,  tuixu'culosis  this  site  is  (xunparatively  rare.  The 
hon(‘,s  aff(xit(xl  in  syphilis  arc  chiefly  the  long  bones  (especially  the  tibia), 
the  flat  hones  of  tlie  skull,  the  sternum  and  the  clavicle  ;  the  palate 
and  na,saLhoiU‘S  also  n.rc  V(‘ry  cxinuuonly  involv(xl.  As  rvganls  the 
characters  of  the  Ic^sions,  they  (jor, respond  with  those  in  internal  organs, 
that  is,  they  arc  partly  of  the  nature  of  chronic  inflammation  with 
induration,  (sclerosis),  and  partly  gummatous  with  destraction  .of 
tissue.  Evidence  of  periosteal  affection  occurs  even  in  the  secondary 
stage;,  there  may  be  somewhat  painful  areas  of  swelling,  especially 
.over  the,  tibia  and  bones  of  the  skull,  and  some  thickening  of  bone 
may  follow.  Usually,  however,  such  lesions  are  of  a  transient  type.. 
In, the  tertiary  stage  tlxe  formation  of  distinct  gummata,  which  present' 
the  usual  characters,  is  of  common  occurrence  in  the  periosteum ; 
the  centre  ' may  undergo  necrotic  ■  softening  'and  the  lesions  may 
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become  adherent  to  the  skin,  ulcerate  and  discharge.  Secondary 
infection  with  pyogenic  organisms  follows  and  the  destructive  changes 
are  increased.  The  bone  underneath  the  gumma  may  undergo  caries 
and  resorption,  a  depression  with  rough  floor  thus  resulting,  while 
at  the  periphery  there  is  considerable  formation  of  bone,  and  a  raised 
and  irregular  bony  margin  results.  The  periostitis  is  often  associated 
with  osteitis  ;  great  thickening  and  sclerosis  of  the  bone  may  occur' 

,  ,  _  and  the  medullary  cavity  may  be  encroached 

:,|  upon.  The  lesions  may  be  multiple  and  wide- 

^  4  spread  over  a  bone,  e.g.  the  tibia  or  clavicle ; 

if. . .  ^ ' '  ■  ■  '  .  .  ■ .  ^ 


Fig.  542.  —  SypMlitic 
disease  of  periosteum 
of  tibia,  showiiig  no¬ 
dular  thickenings  and 
eroded  areas  in  the 
bone.  X  h 


Fig.  543. — Syphilitic  disease  of  skull. 

Note  the  large  aperture  with  irregular  margins 
resulting  from  a  gumma,  x  ,i. 


the  hone  is  often  enlarged  as  a  whole,  whilst 
the  surface  is  extremely  irregular,  there  be¬ 
ing  pits  or  depressions  with  nodules  and 
ridges  between  (Fig.  542).  Another  result  is 
actual  necrosis  with  formation  of  sequestra ;  this  is  common  when 
the  lesions  are  extensive,  so  that  the  vascular  supply  of  parts  becomes 
interfered  with.  Such  an  occurrence  is  well  exemplified  in  the 
skull,  where  consMerahle  areas  of  bone  may  die  and  sequestra 
become  separated ;  gummata  form  both  outside  and  inside  the 
skull,  and  by  a  combmation  of  the  destructive  and  formative  pro¬ 
cesses,  the  appearance  comes  to  he  of  a  striking  nature.  The 
bone  is  thickened  and  its  surface  presents  depressions  and  nodules, 
and,  it  may  be,  also  apertures  (Fig.  543).  Such  lesions  are  met 
with  only  in  very  severe  forms  of  untreated  syphilis  and  are 


9110  TEXT^BOOK  01^^  pai:^.h:oi.(,) 

rarely  seen  iiowarOi.ys,  cixainples  a/rc  to  l)e  found  in  most 
iniiseiinis. 

In  tlui  ease  of  paJafi^  a-iui  nasal  bones,  gunimatous  periostitis 
may  Ix",  followani  by  supcapKiia,!  ulceration,  and  then  the  ulcer  may 
pcrfora,tc  de(‘ply  a/nd  h^jul  to  necrosis  of  bone  ;  |)yog<'ui(!  organisms 
of  course,  b(X‘,om(^.  supca'added.  The  gumma  a.t  the  extremity  of  a 
boiu'-  (KuuisionaJly  (^xtcauls  to  a  joint  and  giv('.s  ris('.  to  a  gummatous 
arthritis.  (Jumnmtous  hx'i  may  form  also  in  ih(^  boiu^  inarrow,  but 
this  is  relatively  rare. 

Lesions  of  the  bones  are  (common  in  congenital  syphilis ;  the 
commonest  effect  is  seen  at  tlie  epiphyseal  lines,  especially  in  the 


A  B  C 


Paa  511,  of  in  (‘on^nniiial.  syphilis. 

A  ami  li  hIiow  {.^luuiual.ouH  aplpliyniUs  (ualurnl  Hiza),  and  0  ilui  irregularity  Of  tlio  epi- 
idiyBoai  Ilius  at  a  lena  advaataal  atnge.  (J.W.S.  U.)  >:  li. 


long  bones,  and  is  known  as  sypliilitic  The  lesion 

is  usually  present  at  hirtli,  and  often  becomes  less  marked  after¬ 
wards.  Instead  of  the  thin  and  well-dcffned  line  of  ossification, 
there  is  a  broader  band  of  a  yellowkli  appearance  with  slightly 
irregular  margins  (khg.  ff-y.-  C).  Sometirmxs  gritty  calcareous 
material  may  be  dotetdcid  hi  it,  and  (ividcnco  of  softening  may 
be  seen.  The  ultimate  result  may  be  separation  of  the  epiphysis, 
either  spontaneously  or  as  the  result  of  slight  trauma.  ,  Micro¬ 
scopic  examination  shows  that  the  zone  of  proliferation  of  cartilage 
cells,  has  increased,  the  cells  undergoing  an  excessive  and  some¬ 
what  irregular  proliferation  which  leads  to  great  thinning  of  the 
matrix.  The  lines  of  proliferated  cells  are  usually,  however,  com¬ 
paratively  regular  (Fig.  546).  In  the  thinned  matrix  hme  salts 
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Fig.  545. — SypMlitic  epiphysitis  or  osteochondritis. 


o,  cartilage  ;  h,  zone  of  calcified  trabecuiJB  with  cellular  tissue  between. 


X  60. 


become  irregularly  deposited,  a  sort 
bone  formation  is  interfered  with, 
and  any  bone  trabeculse  formed 
are  small  and  irregular.  When 
such  a  stage  has  been  reached  the 
delicate  calcified  trabeculae  are 
easily  broken  across,  and  this 
occurs  at  some  distance  down  in 
the  area  of  proliferation.  In  other 
cases,  there  is  more  abundant 
formation  of  cellular  granulation 
tissue,  which  undergoes  degenera¬ 
tion  and  softening.  This  change, 
which  is  gummatous  in  nature, 
usually  starts  in  the  centre  and 
spreads  to  the  periphery,  separa¬ 
tion  being  again  the  result  (Fig. 
544  A,  B). 

The  other  common  lesion  in 
congenital  syphilis  is  periostitis, 
especially  of  the  long  bones,  which 
may  be  followed  by  considerable 
new  formation  of  hone.  This  often 
occurs  when  the  osteochondritis  is 
healing.  Occasionally  a  hone  may 
be  affected  almost  in  its  whole  ex¬ 
tent  and  come  to  be  somewhat  s] 


calcified  treUis-w^ork  resulting ; 


Fig.  546. — ^Humems  from  a  ease 
of  congenital  syphilis,  showing 
great  sub-periosteal  thickening 
whicli  gives  the  bone  a  spindle 
form.  X 

die-shaped  (Fig.  546).  As  in 
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tlie  acjiilt,  softxvning  of  Ji  giiiriniatoim  mass  may  take  |)kieo,  and  ulcera¬ 
tion  throngh  th(‘  skin  may  follow.  Anotlua-  manir(‘s(,ation  of  the 
dis(‘a,s(‘,  is  known  as  ,'^ifplilliUc  winch  adcud-s  tlu^  l)()nes  of  the 

hand,  mor<^  ra-ndy  ihos(‘,  of  tlu^  (dot.  Sometimes  tlu^  f)halangcs  and 
metac*a,ri)ai  hotu's  of  s(W(‘.ral  lingers  are  a, (hunted,  kvsioii,  which 

may  stat't  from  the  (^j)i|)hyseal  line  or  from  the  ])(‘.riosteum,  leads  to 
redness  and  swcdling  of  th(^  pai't,  and  ocu^asionally  discharge  of  necrotic 
mak'rial  may  occur  througli  ih(^  skin.  A  simifir  change  is  not  un- 
(arminon  in  th(‘.  jX'.riostenm  of  the  nasal  s(‘.ptum.  jl(a*e  clestniction 
of  homgofUm  aU(md(‘d  l)y  perforation,  leads  to  falling  in  of  the  hridge 
of  th(^  tiose,  a  change  wide,!)  is  IVecpient  in  congenital  syphilis. 

/SV/'/>Ay7ds‘ e/  In  contrast  to  tulxaxuilosis,  syphilis  (ompara- 

tiv(dy  seldom  giv(\s  ris(^.  to  imporinot  k^sions  of  joints.  In  the  second¬ 
ary  stag(‘,  (dfnsion  o(X',a,sionahy  ta,k(\s  phux^  into  a.  joint ;  the  sterno- 
(‘hivicudar  is  sard  to  lx‘  th<‘  (X)mmon(‘st  sit(^  In  tertiary  syphilis,  the 
usual  d\a.ng(‘s  which  allect  ihc^  soft  trssiicNs,  narncty,  gumma  and  chronie 
interstitial  inllarnmation,  may  ocxmr  in  th(‘.  ea,psul(^-  of  a  joint,  leading 
to  swcdling  arid  thickcming  of  its  tissues  ;  sti(fn(\ss  and  restriction  of 
movcmient  rtssuK-,  and  there  may  he  somctrnuvs  erosion  of  cartilage. 
()c*.ca,sionally  ad  joint,  may  hcxxmu^  allcxtrxl  (Vom  a,  gnmma  of  an  adjacent 
})art  of  th(‘-  hon(‘,  and  chronic*,  arthritis  is  thus  set  up.  In  the  con¬ 
genital  (drin,  synovitis  with  ctfusion  is  often  scxxmdary  to  syphilitic 
c^.piphysitrs,  it  may  he  witih,  se^jia.ration  of  tlu^  e^pipliysis,  and  swelling 
of  thc^  joint  is  usually  a,  prominent  leature^  Nueli  an  alteetion  is  not 
unc.omnion  In  tlu^  knexi-joint.  Actual  gumma,  in  thc^  caipsule  is  said 
tn  oexnr,  hut-  this  is  veay  rare*.  It  is  to  hc^  noticxl  tiuit  the  bone 
and  joint  lesions  in  congenital  syphilis  may  resemble  those  of 
tuberculosis  and  may  ho  mistaken  for  them. 

Actinomycosis.  In  this  disease  the  bones  may  become  ailected 
secondarily  by  extension  from  the  suppuration  in  the  soft  tissues. 
This  is  met  with  chiefly  when  the  primary  lesion  has  been  in  the 
ivgion  of  the  mouth,  the  upper  or  lower  jaw  then  becoming  in¬ 
volved  ;  or  in  tlio  rcigion  of  the  pharyjix,  when  extension  to  the 
vertebral  exilumn  is  not  infreepumt.  Tlic^  le^sion  is  essentially  one  of 
e.aric's  with  pus  lormatiou  ;  and  as  it  is  |)rogr(\ssive  in  character,  there 
is  little^  or  no  ne^.w  formaiiion  of  hone*.  In  ari  advanced  ease  the  bodies 
of  the  vertcdirje.  may  be  c^xteuisively  (‘aimi  away.  Oex;asionally  the 
pelvis  hcxiomcis  secx)n(larily  involvexl  when  the  disease  is  in.  the  lower 
part  of;  the  abelonum.  In  the^  ox,  thc^  kssions  are^  of  less  destructive 
kind,  and  whiles  pa.rts  of  tlu^  hone^  are';  devstroyexl  tlieu'c  may  bo  new 
formation  of  bonc^  at  the  imirgin  ;  this  is  well  sexm,  sometimes  in  the 
lower  jaw,  the  hone^  bexximing  exeaivatexl  centrally  whilst  new  bone 
is  fornuxl  peilpherally.  It  may  he^  adelcnl  that  in,  Madura  disease, 
whicdi  is  caused  liy  an  allied  strc^jitothrix,  the  jiromincmt  feattire  is 
extensive  carious  destruedlou  of  the  honess  of  the;  foot. 
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DISTURBANCES  OF  NUTRITION  AND  GROWTH 

Under  this  heading  will  be  considered  a  somewhat  heterogeneous 
group  of  more  or  less  elironic  conditions,  some  resulting  from  dietary 
deficiencies,  others  from  disease  of  endocrine  glands,  whilst  in  others, 
again,  the  causation  is  unknown.  In  some  instances  the  disease  is 
acquired  after  birth,  in  others  it  is  of  congenital  origin.  In  the  latter 
case  there  may  be  a  deficiency  in  endochondral  ossification — achondro¬ 
plasia — or  the  defect  may  be  m  bone  formation  generally — osteogenesis 
imperfecta.  Malacia  or  softness  of  bone  is  often  a  marked  feature  in 
the  acquired  affections,  notably  in  rickets,  osteomalacia,  and  osteitis 
fibrosa.  There  is  some  antagonism  between  hormonal  and  nutritional 
factors  in  their  effects  on  bone,  especially  between  parathormone  and 
vitamin  D,  and  in  disease  secondary  endocrine  disturbances  may  follow 
primary  metabolic  disorders  due  to  vitamin  lack. 

Rickets.  This  affection  is  characterised  by  deficiency  in  the 
process  of  ossification  and  by  the  formation  of  much  osteoid  tissue 
instead  of  bone  ;  softening  and  yielding  of  the  bones  thus  results. 
The  proliferative  changes  preliminary  to  ossification  are  in  excess, 
but  the  process  is  not  carried  to  its  normal  completion.  Whilst  in 
mild  cases  the  changes  may  be  confined  to  certain  bones,  yet  rickets 
is  to  be  regarded  as  a  general  disease,  and  in  some  cases  the  whole 
skeleton  may  be  profoundly  affected.  Secondary-  hyyjerplasia  of  the 
parathyuoids  is  then  sometimes  seen.  Rickets  is  essentially  a  disease 
of  infancy^,  usually^  starting  in  the  first  or  second  y^ear  of  life  and  is 
rarety  manifest  before  the  end  of  the  first  six  months.  It  contuiues  in 
an  active  or  florid  state  for  a  varydng  period,  sometimes  for  several 
years,  and  its  passing  off  is  characterised  by  the  completion  of 
ossification  and  hardening  of  the  bones.  Permanent  distortion  of 
the  bones  is  of  common  occurrence,  as  they  become  fixed  in  the 
form  which  they  acquired  when  their  tissues  were  soft.  There  is 
also  a  congenital  form  of  rickets  but  it  is  very  rare. 

Structural  Changes.  Naked-eye  appearances  show  disturb¬ 
ances  in  both  endochondral  and  membranous  ossification.  At  the 
epiphyseal  junction,  say  of  a  long  bone,  instead  of  there  being  a  sharp 
line,  the  zone  of  ossification  is  widened  out  into  a  broad  band  of 
semi- translucent  white  appearance,  irregular,  especially  next  the 
diaphysis ;  this  band  may  show  small  vascular  patches  and,  where 
calcification  is  occurring,  yellowdsh  points.  The  area  of  ossification 
is  also  widened  transversely,  so  that  swelling  of  the  bones  in  the 
region  of  the  epiphyseal  line  may  be  a  distinct  feature.  This  swell¬ 
ing  is  often  very  marked  at  the  costo -chondral  junctions,  so  that 
a  row  of  rounded  projections  is  formed  at  the  end  of  the  ribs,  to 
which  the  term  ‘rickety  rosary’  is  applied  (Eig.  547).  The  dis¬ 
turbance  of  intramembranous  ossification  is  weU  seen  in  the  case  of 
the  cranial  bones.  The  skull  becomes  less  rounded  and  somewhat 
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l)ox-Ii.ke  in  form.  The  fonl^iuiclles  are  widcMuvl  and  bossea  of  soft 
spongy  bone  are  formed  ovc-r  frontal  iuid  |)ari(^|,al  bones  ;  and  the 
l)erici-anintn,  when  stripped,  t,a!«^s  with  it  va,s(mla,r  projeedions  and 
l(^av(^s  a  somewlial,  (M-oded  a.pi)(^a,r;inee.  d’h(>  te.xtnrc^  of  tlio  bones 
is  sometimes  so  soft  tiia,t  iiiey  (ta,n  1k^  (uit  with  a  knif(\  Oorreapond- 
ing  ehang('s  oe.enr  in  otiier  boiu's  and  they  become  softened  and 
yielding  ;  tfhe  long  bones  l■(‘nd  to  bend  in  va,rioiia  directions  and 
sonndinuw  gnanstie.k  frae.t.nie  oeeurs.  d'he  vertebral  e.olumn  may 
become  curved,  sometinuw  to  a  mark(>d  dc^grec,  tlu^  cheat  wall  becomes 
de.presa(^d  by  tin*  yi(dding  of  tiie  ribs  a,  short  distance  behind  their 
anterior  ends,  and  consetpumtiy  tin',  sternum  is  pushed  forwards 


Fid.  547*  ■ <).(.  i'i,(4v(,4iy  clHbsfi  whII,  Hliovvinjj;  Mio  wvvcillinjjjs  jit  tlio  axtiwnitios 
<)t  tl).o  ribs-  “(Uf!  so-onlhul,  ri<4vo()y  romuy. 


—a  clofonnity  whioh  Ib  (^harac.i.crisiic  of  rio-kets.  There  may  be 
irregular  sub-perioBt-eal  formation  of  new  bone  along  the  ribs  and 
long  bc),ncB,  giving  rise  to  (devaXions,  whilst  new  bone  may  be  formed 
also  from  the  endosteum  so  that  the  medullary  cavity  is  encroached 
upon.  When  the  a<.d.ive  slngci  of  tlie  dist^ase  (jomos  to  an  end,  ossifica¬ 
tion  proceeds  and  the  bones  ofticui  become  abnormally  dense  and 
heavy.  Some  deformitic^B  may  be  lesseiuKl  or  even  recovered  from, 
but  many  become  pevrmanent.  Thus  the  long  bones  are  permanently 
twisted,  bow-leg,  knock- knee,  etc.,  being  common,  and  they  are  often 
markedly  shortened,  so  tliat  a  condition  of  rickety  dwarfism  results. 
.Spinal  curvature  of  the  nature  of  scoliosis,  which  may  be  severe,  is  a 
frequent  result ;  the  pelvis  remains  flattened,  with  .  diminution  of 
the  antero-poaterior  axis,  and  in  womcm  this  change  may  come  to 
be  a  serious  impediment  to  parturition. 
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The  changes  found  on  microscopic  examination  may  be  described 
in  general  terms  as  an  apparent  increase  of  the  proliferative  changes 
with  imperfect  ossification, ;  the  matrix  formed  in  excess  by  the  osteo¬ 
blasts,  however,  does  not  become  calcified  and  thus  osteoid  tissue 
results.  The  osteoid  tissue  does  not  readily  undergo  resorption  by 
osteoclasts  and  consequently  the  normal  secondary  moulding  of  the 
bony  trabecula  fails  to  occur  at  the  normal  pace.  As  a  .rule,  in  actively 
growing  bone,  resorption  and  apposition  of  new  lameEse  proceed  ' 
irregularly  but  continuously.  In  rickets,  resorption  proceeds  at  first 
and  is  followed  by  deposition  of  osteoid  matrix  which  fails  to  become 
calcified  and  thus  almost  ceases  to  undergo  resorption.  Consequently 
there  appears  to  be  an  excess  of  osteoid  proliferative  activity,  the 
marrow  cavities  are  encroached  upon,  there  is  an  excess  of  periosteal 
^bone  at  the  epiphj^seal  ends  and  the  ..architecture  of  the  skull  bones  is 
profoundly  modified  to  give  the  characteristic  '  square  head  ’  appear¬ 
ance. 

If  one  examines  the  process  of  ossification  at  the  epiphysis,  the  zone 
of  proliferation  of  cartilage  cells  is  seen  to  be  much  widened  (Fig.  549). 
Next  to  the  cartilaginous  extremity  the  cells  are  arranged  in  rows ; 
but  lower  down,  that  is,  towards  the  shaft,  the  Inear  arrangement 
becomes  irregular  and  the  cells  are  of  larger  size.  Lime  salts  may  be 
irregularly  deposited  in  the  matrix  thinned  by  the  cells,  but  are 
scanty  in  amount.  The  broad  zone  of  altered  cartilage  is  seen  to  be. 
permeated  in  an  irregular  way  by  blood  vessels  surrounded  by  cells 
like  osteoblasts,  and 
the  outermost  cells  are 
becoming  embedded 
in  the  osteoid  tissue 
which  they  have 
formed  (Fig.  550). 

This  growth  of  osteoid 
tissue  is  quite  uneven 
in  distribution,  and 
areas  of  cartilage  are 
seen  between ;  some¬ 
times  islets  of  cartil¬ 
age  are  cut  off  by 
the  advancing  osteoid 
tissue.  New  blood 
vessels  also  may  grow 
in  from  the  perichon¬ 
drium  at  this  level, 
and  around  them 
osteoid  tissue  is  formed  in  a  similar  way.  In  bones  ossified  in  mem¬ 
brane  the  Haversian  canals  become  widened  ;  there  is  an  excess  of 
cells  under  the  periosteum  and  around  the  vessels,  and  the  trabeculae 
are  covered,  or  entirely  formed,  by  osteoid  tissue  (Fig.  551).  When 

■  G  G*  .  .  ■  , 


j.  54S. — Section  through,  lower  end  of  femur 
.nd  rib  at  costo-chondral  junction  in  rickets. 
N'atural  size.) 
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Hic  aclive  st.iigo  of  Hio  (liHcano  paK.soa  off,  lime  saKa  are  depouited  in 


fclio  osteoid  tissue  and  OBsificiation  is  compkitcul.  Tima  permanent 
excess  of  bone,  often  of  dense  character,  ar;d  defformities  may 

result  in  the  sites  of 


the  (liKSoaso. 

TJic  structural 
clian^cH  in  the  skeleton 
are  associated  with 
alterations  in  mineral 
m  e  t  a  b  o  I  i  s  m .  Teller 
found  that  the  most 
important  of  these  is  a 
(1  i  m  in  is  1  led  abKSorption 
from  the  bowel  of  lime 
and  pliosphoric  acid  in 
tuuu'ly  equal  proportion, 
so  tliat  there  is  ”a  large 
excess  of  calcium  phos¬ 
phate  in  the  faces,  and 
the  excretion  of,  phos- 


Fi0.  550. OhangoB  afc  (^pipliyHoal  line  in 
rickotH. 

a,  sjone  ol  prollfisrating  cartilaKis  ccsllfi ;  b,  Irregular  forma¬ 
tion  of  osteoid  tissue,  X  00, 


phorus  by  the  urine  is 
diminished.  Normally 
in  the  child  there  is  a 
daily  retention  of  about 


0-08-0d  gm.  of  CaO 

pet'  kilo.  q)er  day,  and  about  the  same  amount  of^.P^Os*  In' rickets, 
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in  the  active  stage,  the  retention  may  be  reduced  to  0*02-9 -03  gm. 
The  calcium  content  of  the  blood,  however,  is  practically  normal  as 
a  rule ;  though  it 
is  reduced  in  cases 


where  tetany  super¬ 
venes.  The  plasma 
phosphorus  is  usually 
reduced.  In  the 
healing  phase  of 
rickets,  the  absorp¬ 
tion  of  lime  and  phos¬ 
phoric  acid  from  the 
bowel  rises  above  the 
normal,  and  the 
urinary  excretion  of 
the  latter  likewise 
becomes  increased. 
Telfer  f  o  u  n  d  also 
that  the  administra¬ 


tion  of  cod-liver  oil 


during  the  period  of 
active  rickets  almost 
immediately  raises 


Fig.  551. — ^Margin  of  rib  in  rickets,  showing  irregu¬ 
lar  masses  of  cellular  tissue  (a),  extending 
into  bone  from  periosteum  (6).  x  40. 


the  retention  values  of  the  two  bone-forming  elements. 


Pathology.  The  essential  features  of  rickets  seem  to  be  a  failure 


to  fix  calcium  by  the  osteoblasts,  whilst  at  the  same  time  there  is  no 
diminution  in  the  proliferative  activity  of  these  cells,  osteoid  matrix 
being  formed  normally  but  failing  to  be  resorbed  as  usual ;  the  defect 
is  essentially  in  calcium  metabolism.  There  is  evidence  also  that  w'hen 
there  is  a  condition  of  marked  malnutrition,  the  proliferative  activity 
is  affected  in  addition  ;  there  is  then  little  formation  of  osteoid  tissue, 
and  the  anatomical  changes  are  rather  those  of  osteoporosis  than  of 
rickets.  This  is  seen,  for  example,  in  the  so-called  latent  rickets  met 
with  ill  poorly  nourished  children. 

While  various  factors  such  as  amount  of  mineral  constituents  and 
their  proportion  in  the  diet,  general  hygienic  conditions,  confinement, 
etc!,  have  been  shown  to  play  a  part  in  the  production  of  rickets,  it 
has  now  been  proved  in  animal  experiments  that  a  deficiency  of 
vitamin  D  is  the  essential  factor,  this  name  being  applied  generally 
to  both  the  sterols  which  have  pronounced  anti-rachitic  properties. 
The  addition  of  this  component  to  a  diet  which  has  produced  rickets 
will  lead  to  the  cure  of  the  condition  provided  that  the  minimum 
amount  of  minerals  necessary  for  ossification  has  been  supplied. 
Mellanby  was  the  first  to  show  the  essential  part  played  by  fat-soluble 
vitamin,  and  he  also  demonstrated  the  abundance  of  the  vitamin 
concerned  in  cod-hver  oil,  the  anti-rachitic  factor  being  found  t‘  be 
vitamin  Di  though  vitamin  A  has  also  some  effect  on  epiph;>Be  1 
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.s'rovvMi.  If  1,1)0  of'  Mils  vil.juiiin  is  i)ii,r(,ia,llv  dc'lioieiit  in  the 

diot,  otlioi-  o.onditkms  ina,y  do(,(‘riiiiiic.  (,|io  iiioidcaioo  of  i,he  disease 
'I’lie  viLunhi  D  MbiiiMhmt  in  li.sh  „ils,  c.fr.  in  cod-liver  oil,  is  now  biowii 

as  I),,  and  can  b(>  javpa.ird  by  irnwiiation  ()f  7-(l(di\'<ln).oh()l(.,st,erol  It 

a, Iso  oocnrs  in  other  animal  fats,  milk,  etc.,  and  is  fairly  abundant 
in  (W-yolk.  Delicioncy  of  the  vitamin  is  the  important  factor  also 
m  osteoma, lacia  (p.  !)()<))  ;  further,  it  leads  to  delicioiey  in  the  growth 
<)l  t.h(^  t<‘ctih  jiiui  pmlispoHf^s  to  (iari(\s. 

n  has  lK‘cn  shown  Ixith  by  ohsorvatiousoii  tlu^  human,  subject  and  also 
expornnontally  tluit  delicieney  in  vitamin  ,1)  can  bo  compensated  to  a 
extent  by  (exposure  to  ultra-violet  rays,  wludlier  these  were  derived 
Irom  sunlight  or  .from  a,  meremry  vapour  lamp.  It  was  also  found 
that  irradiation  of  various  diets  conternal  on  tlnmi  the  anti-raeliitic 
property,  that  this  (U^pended  on  a  (ihajige  in  the  sterols  associated  with 
the  fats,  and  that  (U'gosterol  was  the  substance  concerned.  Irradiated 
ergosterol  is^  now  I'egardcd  to  be  the  pro-vitamin  or  mother  substance 
of  vitamin  D.  Ultra-violet  rays  produce  the  anti-rachitic  efect  by 
transforming  the  sterols  in  the  skin  and  thus  leading  to  the  forma 
tion  of  vitamin  I),  The  eirects  of  the  rays  have  been  found  to  vary 
according  to  the  colour  of  animals,  ])igmcnt  in  the  skin  interfering 
with  tluar  nctUni.  Thin  probably  explains  the  fact  that  negro  children 
are  sp(X‘.iaily  liable  to  rhrki^ts  wlum  plaecxl  in  the  surroundings  of 
temperafii^  efimalns,  tinu^  of  maximum  incideiuic^  of  rickets, 

namely  the  lain,  wiidnr  months,  apparfmtily  depcsuls  upon  the  lack  of 
sunlight  (luring  tlu*,  winli(M*.  ''IIh^  hisli  sk^p  in  this  ixmiarkable  series 
ol,  nLS(xirc.h(\s  wa.s  s<^pa.raitiion  from  inndiatnd  ergosterol  of  a 
(irysiiallim^  substama^  novv^  known  a,s  calHjmd  or  vitamin  D^.  This 
substaiiKK',  which  was  obtiaiiusl  l)y  Mnglish  and  (h'rmaii  workers 
indep(m(l(mily  and  aibont  ilu^  suiUU'  tiim\  jirobaibly  (‘('presents  the 
vitaiiuin  in  pun^  form.  It  f)()ss('ss(‘s  antii-ra)Clu’i«ic.  pr()p('rties  far  in 
e.x(‘nss  of  any  otlu'r  known  body.  Vitamin  I)  acts  mainly  by  leading 
to  a-n  inerc‘-as('d  absorption  of  calcium  trom  tlu^  b()W(d,  but  probably 
it  also  inlliKauHvs  t/hci  lixation  ol  (uih/ium  in  ostcioid  tissue  since  with 
high  <losag(^  tlu'.  boiu'  fornu'd  at  tlu‘  (Epiphyseal  line  is  of  increased 
density. 

In  very  large  close's  [)ath()l()gi(Eal  ('ffeel-s  are  produced  by  vitamin  D  ; 
in  fact  in  some  animals  dcEath  occurs  aftnr  vairious  symptoms.  In  this 
condition  of  hyp(Tmd(X'h)vnmifi  tluu’e  ocamrs  an,  increase  in  the  blood 
(ialeiiun  along  vvitli  in(!rc'as(Ed  (axcErcEtion  of  e.alcium  and  pliosphorus  in 
tlic  "urine;  sonmtinu'H  phosjilnitic;  (;alculi  form  in  tlie  blaclder.  In 
additmn,  ])rovi(led  that  ther(E  is  a  suflicuenc-y  of  (uihaum  in  the  diet, 
tluEre  is  often  a  widesprcEad  m,cEtastati(!  (Ealeifi(iation,  this  occurring  in 
tluE  arteries,  fuEart  wall,  kidiuEy,  stomacEli,  (d(E.  (Figs.  104,  105).  If, 
along  with  excess  of  vitamin  I),  tlu're  is  insidlicient  calcium  in  the 
food,  the  hypercalcautua  is  obtained  by  a  witlidrawal  of  calcium  from 
tlie  bones,  the  spongy  tissue  of  wliicEh  uudcErgoes  rarefaction.  The 
results  of  hypervitaminosis  resemble  those  ducj  to  parathyroid  hyper- 
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function  (p.  914),  but  in  the  latter  ease  the  calcium  is  simply  mtii'dra“wii 
from  the  bones.  It  must  be  understood,  however,  that  these  results 
have  been  obtained  by  relatively  enormous  amounts  of  vitamin  B, 
sometimes  several  thousand  times  the  therapeutic  dose.  There  is 
no  evidence  that  the  admuiistration  of  vitamui  B  in  the  amounts 
employed  in  treatment  has  any  harmful  result. 

Some  facts  may  be  added  with  regard  to  vitamin  A,  which  is  closely 
associated  with  vitamhi  B  in  natural  foods.  Beficiency  in  vitamin  A 
leads  to  night  blindness  and  later  a  condition  of  xerophthalmia,  and 
a  corresponding  condition  is  met  with  in  children  whose  diet  has 
been  mainly  artificial  foods.  In  this  condition,  as  the  term  implies, 
there  is  a  dryness  of  the  conjunctiva  associated  with  a  spreading 
opacity  of  the  cornea.  Inflammatory  changes  supervene  and  these 
may  be  followed  by  necrotic  softening  of  the  cornea  or  keratomalacia. 
There  is  a  general  effect  on  epithelium  shown  by  a  tendency  for  it 
to  be  keratinised,  e.g.  in  the  lining  of  ducts  (p.  175),  and  a  papular 
eruption  of  the  skin  characteristically  develops  owing  to  keratinisation 
of  the  sebaceous  gland  ducts.  There  are  also  impairment  of  growth 
and  porosity  of  bones,  and  lesions  have  been  described  in  some  of  the 
internal  organs.  As  has  been  said,  deficiency  in  vitamin  A  has  an 
important  effect  in  lowering  the  resistance  of  the  tissues  to  various 
bacterial  infections.  It  may  be  noted  that,  whilst  ultra-violet  radiation 
has  a  curative  effect  on  rickets,  it  has  no  influence  in  xerophthalmia. 
The  two  vitamins  (A  and  B)  dijffer  also  in  their  resistance  to  heat  and 
other  agencies. 

Osteomalacia,  This  is  a  general  disease  of  the  osseous  system 
in  adult  life,  characterised  by  softening  of  the  bones  and  resulting 
deformity.  In  the  great  majority  of  cases  it  occurs  in  women  during 
pregnancy  or  the  period  of  lactation,  and  in  them  the  manifestation 
usually  appears  first  in  the  bones  of  the  pelvis,  the  softening  being 
often  preceded  by  duU  pains.  It  is  said,  to  be  commonest  in  those 
who  have  borne  several  cMldren.  The  disease  is,  however,  some¬ 
times  met  with  in  young  nulliparous  women,  and  occasionally  even 
in  the  male  sex.  It  is  relatively  common  in  parts  of  India  and  Chma 
but  rare  in  temperate  countries,  though  it  is  met  with  on  the  Con¬ 
tinent,  notably  hi  the  Balkan  States.  After  the  1914—18  War  there 
was  an  outbreak  in  Vienna  as  the  result  of  dietetic  conditions,  the 
affection  being  known  as  '  hunger  osteomalacia  ’  ;  it  affected  especi¬ 
ally  the  middle-aged  and  old  people  of  both  sexes.  Osteomalacia  in 
the  adult  is  analogous  to  rickets  in  the  child ;  the  main  factor  is  an 
abnormality  in  calcium  metabolism  brought  about  b^^  insufficient 
supply  of  vitamhi  B.  This  appears  to  be  chiefly  the  result  of  vitamhi 
deficiency  in  the  diet,  which  in  India  and  China  is  of  a  very  poor 
character,  consisting  almost  enthely  of  cereals.  In  India  the  practice 
of  purdah,  by  which  women  are  confined  to  the  house,  also  plays  a 
part  as  exposure  to  sunlight  is  thus  prevented.  Beficiency  of  calcium 
is  sometimes  contributory ;  and  during  pregnancy  the  necessary 
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■supply  of  wi.loiiiin  Ity  |-h<>  muf.onia.l  fissiu's  to  tlio  tVotiis  apparentlv 
iWits  as  tlio  pivcapitatino  c^aaiso.  Scroiula.fy  paa’afliyrold  li vp('rpJasia  is 
ocmrmouly  .scoi.,  aiul  may  (aaitrihuto  to  (J.o  (lovol,.pim>Mt  of  osteoporosis 
by  mereasiiig  (,lu^  Inumuir  a.bsorption  of  boiu'.  OsteoniabMaii  in  different 
(Hnuitries  ]ia.s  b('(‘ii  foimd  to  yield  to  (Jie  various  ibrins  of  vitamin  D 
tlun-a-py,  but  l\le(  tume  lia.s  described  eases  iii  Great  Britain  apparently 
<lue  to  some  nsisla-iuHf  to  tlu^  aotion  of  vita, min  ,1)  in  normal  doses 
though  r(^sponding'  l,o  relatively  (‘iioi'iuous  do.ses  of  this  substance.  The 
tollovving  a, re  tlu^  ehief  striud.ura.l  <ba,ng(‘s  in  osteomahuda. 

'I’lu^  bon(‘s  uiuh'rgo  a  gradmd  softening  and  yield  to  the  forces  of 
lire.ssurii  and  si.ra.in.  'I’hus  the  p(>lvis  undm-goes  a  .sort  of  colhipse  and 
beiannes  greatly  narrowed,  whih^  the  sympliysis  is  pu.shed  forward 
and  assumes  the  form  of  a  bilblike  ])rojeetion.  Yielding  to  weight 
is  exemplilied  also  in  t,he,  ease  of  the  veitcbrai;  curvatures,  kyphosis 
and  se.oliosis,  oeeur  and  theeolumn  beeonu^s  shorteiu^d.  In  a  similar 
way  the  bones  of  the  leg  bcxviiinc'.  bent  and  spontaneous  fractures  may 

take  |)laee.  In  oxhxmui  ca,ses  (lu^  bones  Ixaamie  (pubs  soft  and  pliable. 

When  th('  boiu's  a, re  (vxa.mined  mie,ro.4eo[)i(!a1ly,  it  is  .semi  that  most 
of  the  bone  traheendm  show  a  su|)erlieial  and  fairly  well  defined  layer 
of  OHleoid  ti.ssue  e.ovau'ing  an  o.s.sixms  e,(>ntre,  thoiigh  at  a  later  stage 
trabeeulie  may  consist  ont,irely  of  osteoid  tissue.  Further,  the 
marrow  hixiomes  mores  abundant  a.nd  encroaches  on  tho  trabecul®, 
so  that,  tnue.h  thinning  of  them  nisnlts.  Similar  change  extends 
also  (,o  the  (hmse  hone  of  a  shaft,  and  nltimatoly  the  compact  hone 
is  i.mlucod  f,o  a  thin  shell,  within  whiidi  tlnu'c  is  abundant  porous 
osti'oid  lis.siie.  Gonsidi'rable  in-olifm-ation  of  cells  of  the  connective 
tissue  oce.uns  in  the  marrow,  and  a  fibrillab'd  tissue  is  formed,  which 
at  ])laces  inerges  into  tho  osteoid  tissue. 

Wliore  there  is  sfiontaneous  fraeture  abundant  soft  callus  of  osteoid 
tissue  is  formed,  hut  ludcilication  does  not  follow.  The  deficiency 
is  Ibus  not  in  the  proliferation  of  the  oslicoblasks,  but  in  the  laying 
down  of  lime  salt  s,  d’he.  disi'asi^  may  nndorgo  cure,  and  lime  salts  are 
once  more  dejiosited  inthetrabecuhe ;  deformities  which  have  been  pro¬ 
duced  may  thus  liecome  [lennanent.  In  portions  of  the  bone  where  the 
disease  has  been  siiecially  severe,  cyst-like  s]>accs  are  sometimes  left. 


Infantile  Scurvy,  or  Harlow's  Piseasc.  This  dtseaso  la  characterised 
liy  ilofoi’.t  in  Ixmo  formation  anil  liy  Uio  owjurronc.oof  liaooorrhago  in  connection 
wilili  tho  bonoH  luul  olstovluiro.  It  nsually  cornioonctiH  towards  tho  end  of  the 
first  year  of  Ufo,  thoogli  it  may  occur  later,  and  is  duo  to  tho  want  of  natural 
inilk  ami  tho  HuhBi,i(,ution  nl  ar(-iiicial  propHratioos  ■  in  short  to  dodciency  in 
vit-mnio  (..  It  is  oMscni-inlly  Hi'orimtic  in  inifiiiro,  and  yields  to  trcairm'nt  with 
anti-Hcorhntic  ronindios.  II,  is  occoHionally  imsociatod' with  rickets. 

J  ho  ohiof  features  of  scurvy  are  proaont,  narnnly,  sponginess  of  the  gums 
ami  hujtnorrluigo  Iroin  thojn,  hairnorrliagos  into  tho  skin,  inusolos,  and  oooasion- 
nlly  into  tho  joints,  anaimia,  oto.  ,ln  tlio  honos  thoro  is  dofootivo  ossification, 
wliioh  ]>n)oodoH  tho  occurronoo  of  hannorrhagos.  'f  ho  cellular  red  marrow  is  largely 
roplaoocl  by  a  somewhat  (mlomatous  fibro-oollular  tissue,  little  bone  formation 
occurs,  and,  as  tho  normal  absorption  ooinos  to  be  in  excess,  the  trabeoulffl 
already  formed  bocomo  thinned  ;  honoo  fragility  of  the  bone  results.  At  the 
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epiphyseal  line  the  ossifying  zone  is  deficient,  and  the  lines  of  cartilage  cells  are 
invaded  by  blood  vessels  to  a  slight  extent  and  irregularly.  Separation  of  the 
epiphysis  through  the  calcified  trabeculse  of  cartilage  sometimes  follows 
Hemorrhages,  occasionally  of  large  size,  occur  under  the  periosteum,  which  is 
raised  from  the  bone.  They  "are  most  frequent  at  the  ends  of  long  bones  but 
may  also  be  found  in  the  ribs,  scapula,  upper  wall  of  orbit,  etc.  In  extreme 
cases  the  bones  become  very  fragile  and  hsemorrhage  may  be  present  in  their 
medulla.  Ansemia  of  a  hypochromic  type  is  usually  present-  This  is  not  due 
to  the  hsemorrhages  but  to  the  lack  of  vitamin  C,  the  administration  of  which 
causes  a  reticulocytosis. 

OsteitisDeformans  (Paget)  and  Osteitis  Fibrosa  (v.  Reckling  - 
hausen).  These  conditions  have  been  much  studied  and  are  now 
clearly  distinguished  by  the  important  alterations  in  calcium  and 


phosphorus  metabolism  and  the  relation  of  these  to  h^q^erpara- 
thyroidism  which  have  been  established  in  the  generalised  form  of  the 
latter  ciisease.  These  characteristic  metabolic  disturbances  do  not 
occur  in  Paget’s  disease.  We  shall  first  give  an  account  of  the  main 
structural  changes. 

Osteitis  Deformans  was  first  described  by  Paget  in  1876,  who  recorded  five 
cases— hence  it  is  often  known  as  ‘  Paget’s  disease  of  bone.^  It  is  commoner 
in  men  than  in  women  and  usually  appears  after  the  age  of  forty.  It  is  char¬ 
acterised  by  enlargement  of  the  bones  with  a  certain  degree  of  softening,  and 
it  is  attended  by  dull  aching  pains  and  sometimes  by  tenderness  along  the 
bones.  The  bones  most  frequently  affected  are  those  of  the  lower  limbs  and 
the  skull,  but  the  vertebrae  and  other  bones,  such  as  those  of  the  pelvis,  are 
not  seldom  involved.  In  the  long  bones,  the  shafts  become  thickened  both 
outwards  and  inwards,  so  that  the  bone,  as  a  whole,  becomes  enlarged  and  the 


nuMlnI!n.ry  (*a,vi(.y  is  ancroaclKHl  upon.  Tho  ('(anur  and  (ho  tibia  often  show  a 
f()rvva,rd  howdiko  ImuhI  owiufj;  (o  their  yi(‘l(lin^M,o  tho  weight,  of  the  body  and 
(he  ruH‘k  of  (h(^  h^mur  lau'onuvs  s<d-  iuor(^  n(^a,rly  at  a,  right  angle  to  the  shaft 
llio  skull  shows  a,  progn^ssiwi  (nilarg<au(Mil,  ajul  l\w  thickness  of  the  calvarium 
may  h<^  (hive  or  four  (,imes  tlu^  norma, 1.  Tim  distiruition  botwoen  diploe  and 
tho  (,a,bhw  bt'eomos  gradiadly  lost,  and  (ho  whohi  bono  comes  (,o  have  a  fairlv 
uniform  porous  a,pp(uu*an(us  while  it  shows  a  degree^  of  softnning  which  may  be 
so  markiMl  (,hat  tho  bom^  c,an  bo  out.  Sinula,r  (diang(vs  in  loss  degree  mav 
bo  presiait  m  (ho  bones  of  (he  fa, on.  When  (,ho  vor(,obno  arc  involved  they 
yield  (,<>  a,  (vrlarn  t^xtnnt,  and  poslorior  eurva,turo  oi^c.urs  in  the  dorsal  region 
W)  tluit  the  pa,(i(‘nt  comes  to  liavo  a  sort  of  e.rouehing  attitude.  The  disease 
IS  a  V(M’y  cdiromo  oiu^  a, ml  tlu'.  gia,n(,.(vll  tumours  and  c,ys(,s  such  as  frequently 
lonu  in  os(,eil,is  (ibrosa,  a,re  uncommon.  ^0,1*00001,  bowm'or,  sometimes  follows 
a,ud  ra,g(M,'s  disimso  is  a.  ra(,h(M-  rr(M|mm.l.  a,n(,(MaHl<m(,  of  b(>n<>  sariuinui  in/hitor 


Ifm.  553.  Ihig(d.\s  disease  o('  (,he  lemur,  showing  tlio  typicsal  niosa,i(^  structure 
ol  the  boruv  wi(,h  a,etiva^  oH(,<H)elas(.i(‘,  a,l)sorp('ion.  (Dr.  J.  B.  (hbson).  x  90. 

IIis(,ologi('a,lly  ilu^  hone  shows  a.  eombimition,  of  a,e(,iv(^  r(\sor[)tion  together 
wi(h  new  lanu'lhu*  a-pposiliou  a,nd,  new  forma, ('ion  of  bony  trabemihe  in  close 
preximil.y.  Thiw^  sm^i^'SHiva^  proeiwsi^s  bring  a,bout  a,  eh,a,rac(,erist,ie  mosaic 
pa,i,tern  in,  ('he  bom^  55,3).  The  blood  ca,I(aum  a, ml  [ihosphorns  Oire  present 
in  nornuil  (^oneiud'ration,,  but  (-lie  alkalirm  phospluit.a.si'i  is  griMitly  incri’ia, sod,  indicat- 
ing  a,  geiiu'raliscsd  dis('iirl)a.nc(*i  of  Ixau*!  imd'aibolism.  ddie  (\sscintia,l  nature  o(f  this 
is  (|nil'<^  obse.nre. 

Jii  Pa,get  K  disea,se  (-hei  lioiu^s  bcii'^ome  so  lugldy  vaiSiaibir  tli,a,t  a  degree  of 
ar(ori()-v(Mioiis  shunt  taki’is  place,  which  rc'SnK'S  in  a,  griMit  increase  in  th,o  cardiac 
oul'put  a,nd  a  ttauhmey  to  ca,rdia,e  fajlure  (lVl,(‘.M,icha,eI). 

Osteitis  Fibrosa.  Some  years  after  Paged;  pxddishod  his  account  of 
osteitis  deformans,  aclosolysimilarafhydiion  was  (ioscrlhed  by  v.  I^ocklinghausen 
xmdertho  name  of  oste>Uis  fibrosa,  and  he  doseribod  two  forms,  a  generalised  and 
a  localised.  The  generalisotl  form  is  met  with  at  an  earlier  period  of  life  than 
Paget’s  disease,  usually  starting  in  adoloseonco.  It  is  characterised  by  bone 
nains,  softening  and  bending  of  the  bones  with  resulting  deformity ;  spontaneous 
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fracture  also  occurs.  The  bones- are  often  enlarged  and,  in  addition,  tumour-like 
swellings  occur  in  them  (Fig.  5576).  The  primary  and  essential  change  is  an 
absorption  of  calcium  salts  resulting  in  a  rarefaction  of  the  bones,  as  is  shown 
in  skiagrams.  This  is  well  illustrated  in  Fig.  554.  Many  of  the  swellings  come 
to  be  occupied  by  cyst-like  spaces  which  may  have  a  comparatively  smooth 
wall ;  the  disease  accordingly  is  often  known  as  osieitw  fihrosa  cystica.  As 
compared  with  Paget’s  disease  the  chief  differences  are  the  earlier  age  of 
incidence  in  osteitis  fibrosa,  a  greater  degree  of  softening  of  the  bones,  resorption 
being  in  excess  of  formation,  and  also  a  greater  tendency  to  the  formation 
of  cystic  spaces.  Osteitis  deformans  is  not  merely  a  more  chronic  form  of 
osteitis  fibrosa,  as  there  is  an  important  difference  in  metabolic  changes  and 
their  relation  to  the  parathyroids. 

The  localised  form,  which  also  starts  hi  earlier  vears,  is  cliaracterised  bv  t'lie 


Fig.  554. — ^A.  Skiagram  of  portion  of 
femur  in.  generalised  osteitis  fibrosa, 
showing  marked  rarefaction  of  the 
bone.  B.  Skiagram  of  portion  of 
normal  femur  for  comparison. 
(Dr.  S.  V.  Telfer.) 


Fig,  555.~Skull  bone  in  osteitis  fibrosa, 
showing  bone  ahsorptioii.  and  iie'w  bone 
formtion.  Kote  many  dilated  blood 
vesselsand  fo:ur  foci  of  giant-cell  tumour. 
,X  12-5. 


■formation  of  a  tumour-like  mass  (osteoclastoma)  in  a  long  bone  near  the  meta- 
physis,  but  it  occurs  also  in  other  bones.  The  upper  end  of,  the  femur  is  said 
to  be  the  commonest  site.  Softeniag  often  occurs  in  the  tumour  mass  at  places, 
and  ultimately  a  large  cyst -like  space  may  form.  .Spontaneous  fracture  is 
common.  These  lesions  are  to  be  distinguished  from  true  neoplastic  osteoclas¬ 
tomata  by  the  following  characters. :  they  do  not  involve  the  epiphyses,  they 
persist  for  long  periods  without  evidence  of  progressive  and  expansive  grow'th, 
and  as  age  advances  the  pathological  tissue  ,  tends  to  extend  along  the  medifilary 
cavity  rather  than  into  the  epiphysis. 

A  multicentric  or  disseminated  form  of  the  disease  is  also  met  with  and  is 
known  by  a  variety  of  descriptive  names,  e.g.  polyostotic  fibrous  dysplasia  of 
bone.  This  sometimes  shows  a  remarkable  unilateral  or  segmental  distribution 
and  may  be  associated  with  cutaneous  melanotic  pigmentation.  In  females 
somatic  and  sexual  precocity  may  occur  (Albright’s  sjmdrome).  The  Hood 
ehemistrj^  is  usually  normal  and  the  parathyroids  are  unaffected.  In  a  series 
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of  l■.■^so.s  .)I>S(M'V(.<I  ixirMoiially  l  l.ai-a  was  no  hisiniy  of  lijomolytic.  (Useaso  of  the 
rHnvl>()i‘M  Hnd  lili,  idi«‘()Tn|)ji,l>il)ili(.y  wjir  nol;  ■|)ros<'iiit. 

HiMol(><jU-,<d  (Jham/cs.  'I’Iioho  ro|)r()Honli  n  i^oinhiimtion  of  aliaoiptivo  and 
fonnal.ivo  [ir()c.wH(w.  4’lio  |rro.oxis(.inK  bono  lm(lol■go.^s  oxionsivo  a,l)sorption  • 

this  is  inaJnly  <l(io  i/O  auction  of  ^  ’  ’ 

o.sUMXviMsts  r)57f*),  tliovigli  oUior 

|)!T)(M\Sm4H  5l,rO  At  flio  HJUn<^ 


tiuH'*  i-lioro  is  aii  (^xt'OiiHivo  growl. 1>,  of' 
.s|)iii(ll(4-(HdI  fiKsiio  wliicli  oo(rti|>ios  Mk^ 
.s|>a(*(\s  hoi.W(M'ii  ilio  old.  I.rabooiilax  a,iid 
ill  IIiiH  i.i.s.soo  |.hor’(4  is  a.  fonvuiiioii  of 
now  I  raboonlio,  wliiolt,  hnw(A'i'P,  do  not 
laaU'rgo  ootaplofo  (Ls.sifioa.l.jon  bnl. 
i‘('ina.itj  obic'fly  in  a.n  nn<-aloill(Ml  oon» 
dil'ion.  Alld't'  a.  limoi  ilu' l)on(d)<''<*oin<\s 
birg<'ly  r('|)lnc('d  by  Muh  librO"Os(.(V)id 
I'iamu',  whioh  a.lso  (aioroa.oli(\s  upon  Mio 
nxMlullai'v  <aivi(y  and  oa.nM<'is  Miiokoning 
uti<l(‘r  Mi('  |)<M’iosi.<'mn.  I  ii  llus  wa.y,  Mio 
l)on('  as  a.  wbolo'  boootnos  <a)bu*g<'d 
and  ih(i  oliia.raxvi.tvriKl.io  aippcaira, net's 
as  <b\soril)(Ml  abovt^  am  brought  a.l)ou(.. 
At  ooriain  plant's  tla'i  fibro-ot'llula.r 


l.issut'  nuty  Ix'otaat'  spi't'ially  a,l)n»ulant  anti  tmtit'rgo  a.  inyxt>ina,l.ous  (‘hango  with 
substamt'nt  softt'iiing  ;  h:i('.int)rrba.gt's  a.Ist)  may  t)of, nr  a.nti  bt'  followod  by  a,  similar 
obangt'.  Ill  tlit'st'  \Ya.ys  oyst-Iilvt'  sjiaiOt^s  may  bo  (tirnn'd  a.ntl  may  Ix'ctant^  (*oii- 
flnt'ut.  booaiist'tl  tnmonrdikt^  maxst's  otmta.ining  niany  giant-oolls  may  form 
ostt'oolasf.tmiata,  but  tlx'st^  tlisapptxir  wlmn  1.1m  |)a.ra,tliyrt)itl  a.thMioma,  is  rt'intivcd 


hit;.  557.  Ostt'il.is  fibrosa,  (t/)  laicmutr  absorption,  by  oHi.(H)t‘.lasts  a.n.d  much 
ost<M>bla.Hl.i(*. a.ct.iviiy  ftinnirigimw  bouy  la.b(Hui.laL  x  85.  (/;)  ()n(U)rt‘h(3Ost0o- 

olantomadikt^  l.nmours,  showing  i.ho  tyjiioal  struoturo.  X  190. 


a,nd  limo  sadts  a.r(^  ihtxi  dt^posiiod  in  tlamow  bont^  which  thus  IxKiomos  hardoned. 
Although  tlx^  i.tx’rn  ^  OHlnitis  ’  ban  bt^xi  a,pf)Iitxh  thus  ctmdifhm,  is  not  inflammatory, 
being  rTitluM*  of  tlm  juiturci  tif  a.  dystrtiphy  or  A nota, plastic,  .Tna.lac.ia.’ 

Ill  ^(',ii(vi’alis(gl  ()si)(dt-i.H  fibrosa  ilunx)  in  a  gjr(*!at  disturbance  of  the 
calcium  inctabolinm  in  wbieli  th(3  parathyrouhs  arc  concerned,  and 
which  loads  to  removal  of  calcium  from  tlic  bones  (p.  1044).  Hyper- 
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calcseniia  is  present,  the  blood  often  containing  15  mg.  of  calcium 
per  100  ml.,  or  even  more,  the  pliosphoriis  is  usually  low,  and  the 
alkaline  phosphatase  is  greatly  increased.  There  is  a  marked  excess 
in  the  excretion  of  calcium  and  phosphorus  in  the  urine,  frecjiuently 
vdth  stone  formation,  and  it  is  believed  that  the  initial  effect  of  excess 
parathormone  is  to  lead  to  over-excretion  of  phosphate  idth  sub¬ 
sequent  mobilisation  of  calcium  and  phosphorus  from  the  skeleton. 
Occasionally  metastatic  calcification  has  been  observed.  In  such 
cases  a  parathyriod  tumour  is  usually  present  but  may  prove  difficult 
to  find,  behig  sometimes  in  an  abnormal  site,  e.g.  retrosternal.  Excision 
of  the  tumour  has,  in  many  instances,  led  to  a  disappearance  of  the 
hypercalc£emia  and  also  to  a  marked  change  in  the  bones,  these 
gradually  becoming  recalcified.  We  have  observed  failure  to  improve 
after  oxierative  removal  of  an  adenoma,  owing  to  the  .presence  of  a 
second  growth.  In  some  instances  tetany  has  actually  followed 
immediately  after  removal  of  the  affected  parathyroid.  This  appar¬ 
ently  means  that  the  function  of  the  other  parath^VToids  was  partly 
in  abeyance,  as  removal  of  one  in  the  normal  state  does  not  result  in 
tetany.  It  maj^  thus  be  regarded  as  established  that  the  softening 
of  the  hones  and  other  changes  in  osteitis  fibrosa  are  the  result  of 
paratliyroid  byperfunction,  which  leads  to  excessive  absorption  of 
lime  salts  from  the  bones.  So  far,  no  distinct  disturbance  of  meta¬ 
bolism  has  been  observed  in  the  locaiised  form  of  osteitis  fibrosa,  and 
the  etiology  is  obscure. 

Leontiasis  Ossium,  In.  this  condition,  known  also  as  ‘  cranio -sclerosis  ’ 
there  occurs  a  marked  enlargement  of  the  bones  of  the  skull  and  face,  while 
the  density  of  the  bone  becomes  greatly  increased.  Swellings  occur  both  out¬ 
wards  and  inwards,  the  cavities  become  encroached  on  and  the  foramina  are 
narrowed,  with  resulting  pressure  on  the  nerves.  As  in  Paget’s  disease,  the 
cranium  becomes  greatly  increased  in  thickness,  but  the  bone  is  of  bard,  almost 
ivory -like  consistence.  It  has  been  suggested  that  this  condition  represents 
a  localised  form  of  Paget’s  disease  which  has  passed  into  a  sclerotic  stage,  and 
this  appears  not  unlikely,  although  the  affection  develops  at  a  comparatively 
early  period  of  life.  The  causation  of  the  condition  is  quite  unknown. 

Acromegaly.  The  changes  in  the  bones  in  this  disease  are  de¬ 
scribed  below  (p.  1007). 

Hypertrophic  Pulmonary  Osteo  -  Arthropathy .  As  the  name 
implies,  this  condition,  which  was  first  described  by  Marie,  is  specially 
related  to  pulmonary  diseases,  and  these  are  of  chronic  nature  such 
as  bronchiectasis,  fibroid  phthisis,  emphysema,  tumours  of  the  lungs, 
etc.  It  is  met  with,  however,  in  some  other  conditions,  such  as  chronic 
cardiac  disease,  chronic  jaundice,  etc.  It  is  characterised  by  thick¬ 
ening  of  bones  due  to  the  formation  of  a  thin  subperiosteal  layer  of 
bone,  which  is  usually  comparatively  smooth,  though  sometimes 
rather  irregular.  There  is  also  thickening  of  the  connective  tissue 
around.  The  bones  chiefly  involved  are  those  of  the  forearm  and  leg, 
especially  towards  their  lower  extremities  ;  the  femur  and  humerus 
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arc  soiiH'liiiK's  .similarly  a.ncc.l,c(l.  'I’Ik'.  feel,  and.  hands  h(>(^ome  thick- 
ciu'd  and  l(m,tf(.h('ncd  owinji;  to  <a)rins|)()ndin,a:  c.lian<i:(ia  in  the  bones 
joiiibs  in  relation  (.o  (,hc  osseous  (dianfte.s  IxHiome  implicated  in  a 
certain  proportion  of  cases,  th('  synovial  membrane  beinjt  swollen  and 
thickened,  and  th(>  movement  heinj,'  impaired  ;  tlu^  wrists  and  ankles 
ar('  most  rre(iuently  involved.  The  causation  of  this  Ibnn  of  osteo¬ 
arthropathy  is  ol).senr(“.  Toxins  absorbed  from  the.  limes  or  other 
tissues  a, re  bidieved  by  soim^  to  be  childly  concerned,  whilst  chronic 
conin-stion  a,l.so  is  e.onsidia-e.d  to  play  a.  part.  At  present,  however,  it 
is  not  possible  to  sa.y  how  the  ehanjii's  are  broufiht  about.  GluhUtig 
of  the  distid  pladanges  is  ni(*t  vvil.h  in  o.st(“o-artiiroj)a,thy,  hut  occurs 
apa,rt  from  this  a.irc(d.ion,  in  conditions  smdi  a.s  those  mentioned  above. 
'I’lic  phahul.ire.s  arc  wiihmed  and  thiidrcncd,  whilst  the  nails  are  raised 
curved,  a, ml  often  fibrous  in  texture.  The  clubbiiift  is  the  result  of 
thickenin|i  of  thi^  soft  iiissues,  wdiich  ha.s  been  ascribed  to  various 
<dian!.ie.s.  (la,mpbeil  describes  thi^  chauKi^  a,s  a.  chronic  (edema  of  the 
soft  tissiK'K  with  overgrowth,  very  noteworthy  under  the  nail-bed.  We 
hav(i  s('en  his  .sections  a.nd  a.ij:re((  with  (.he  d('scri})tion.  .He  considers 
tha.t  the  chief  caus((  is  (h'lie.icnt  oxidation  of  the  tissues  with  resulting 
ledema.,  and  there  appiNirs  to  he  mtudi  in  support  of  this  view. 

Ostcopetro.sis,  Mai-bU'-bonc  Disease  (AII>erx-,S'ch6ii/iny).  Tliis  Uisorder 
i.s  (•luiniel.eriseil  liy  excessive  density  of  all  l.lie  liniuw  \vi|.|i  elilil.emtiou  of  the 
inarrew  eii, cities  and  tliiMtevi'ln|mient  el' nsti'osidc'rotii^  aniimiia  (p.  .'>02).  Involve¬ 
ment  of  tlie  skull  lends  tn  narrowing  of  (.he  foraniina  with  deafness  and  impairment 
of  vision.  In  .spito  of  the  iner(«nseil  density  the  hones  a,n,(  hrittle  and  fractures 
occur  Irom  sliyht  viot-nce.  The  disi'iisi'  i.s  a  In'n'ditary  on.*',  and  is  transmitted 
HH  u  .Mciiul.i'lian  rtHd'ssivc' 

Oslcoj^cncsis  Imperfecta  or  Fraj^ilitas  Ossium.  The  former  term  is 
proforable  an  fra.giHliy  ma,y  bo  duo  to  va,ri(')uH  o.aTiHOH.  'Tbo  condition  is  one 
whifdi  xiHually  dtivtilopH  during;  iid.ra-uloritm  lib’i,  ho  </hat  itiarkod  changes  in 
tlio  bonoH  proHont  at  birtli  ;  ocKraHioually  it  in  of  post-natal  onset.  The 
tnowli  notowortby  b^iidiro  is  fra,gility,  arid  Bpontanoous  fraiCturos  may  occur 
in  largo  numbtu’s  ;  tlio  bonoM  may  IxMionio  im^gularly  broken,  altered  in  out¬ 
line,  and  HhoriontHl  at^cordingly.  Fra(diuroH  and  conHoquont  reparative  changes 
with  cartilaginoxiH  c.alluH  may  occur  even  before  birtlj.  OHsifieation  is  deficient 
a, Iso  iu  tbo  era.tual  l)oueH,  wliicdi  bee-otxie  Hofler  and  Iohh  resistant,  the  ti’ansverse 
diairud.er  of  the  skull  in  tbo  temporal  region  be(X)m(iH  increased,  and  the  oars  are 
turned  Hem(Hvha.t  outwards  adul  downwards,  Uidiko  what  oceurs  in  achondro- 
pluKia,  tb(^  proUroration  of  ca,rtilag(^  colls  at  tbo  (Epiphyseal  lino  goes  on  as  usual, 
and  osBiti(Eat.ion  occurs  in  a  regular  maTinor,  l)ut  there  is  marked  deficiency  in 
the  amount  of  bonxE  forrncEd.  'The  compaet  bone  on  i.be  surface  forms  a  thin 
layer,  while  the  trabectulaj  a.ro  narrow  and  widely  separated,  the  whole  appear- 
aiHJO  IxEing  as  if  the  oslitEoblasts  hud  defective  powers  of  bone  formation  (Fig. 
558);  this  appluxs  both  to  in tramernbranous  and  to  endochondral  ossification, 
ddio  I’unda nHE.n (. a,  1  (hvh'ci  li('H  in  faull-y  and  insulHoicEnt  d(W<Elopn\ent  of  connective 
tissuiE  matrix  of  all  kinds,  thus  Uke  soU'raE  app(Ea,r  hliUE  Iumtuikce  they  are  so  thin 
that  i  be  pignuvntf'd  choroid  sliincs  ibrotigh. 

In  many  cases  the  child  affected  with  i/ho  disease  in  its  extreme  form 
d,ioa  shortly  after  birtlx;  in  loss  sovero  cases  a  tendency  to  spontaneous  fracture 
may  persist  for  some  years  and  then  gradually  pass  off.  Here  also  some  endo¬ 
crine  deficiency  has  been  suspected,  but  no  definite  facts  have  been  established 
and  the  true  etiology  is  unknown. 
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In  some  instances  the  disease  is  of  hereditary  and  familial  tjrpe,  and  the 


term  fa7nilial  fragility  has  been  applied, 
there  were  several  cases  of  osteogenesis 
imperfecta  has  been  given  by  Bron¬ 
son.  In  this  type  fractures  are  not 
so  numerous  and  do  not  occur  so 
early  as  in  the  non-familial  type.  Deaf¬ 
ness  due  to  otosclerosis  often  develops 
towards  adult  life  and  there  may  be 
also  an  undue  looseness  of  liga¬ 
ments  of  joints.  Apart  from  the 
hereditary  element  nothing  is  known 
with  regard  to  the  causation  of  the 
affection. 


An  account  of  two  families  in  which 


•  • '  t' 


■  t  '  ^ 


Achondroplasia,  This  remark-  'v  C  '-.  vw  *  ^ 

able  condition,  which  is  known  also  ^  " 

as  chondrodystrophia  fcetalis,  is  cha-  '  '--I  -if ' 

racterised  by  failure  of  endochondral  . " 

ossification.  It  is  present  at  birth  Fiq.  55s. — Section  of  bone  in  osteo- 
and  the  child  presents  certain  char-  genesis  imperfecta,  showing  isolated 
acteristic  features.  The  head  appears  and  imperfectly  formed  trabeculse. 
large  and  the  root  of  the  nose  is  in-  X  30. 
drawn  or  sunken  ;  the  limbs  are  short 

and  stumpy,  sometimes  curved,  and  as  there  is  more  growth  of  the  soft 
tissues  than  of  the  bones,  the  skin  of  the  limbs  is  in  folds.  There  is  usually  a 

considerable  amount  of 
fat,  and  sometimes  there 
is  some  cedema.  The 
characteristic  changes 
depend  on  one  essential 
lesion,  namely,  failure  of 
the  process  of  bone  forma¬ 
tion  in  cartilage-  At  the... 
position  .of,  the  e.piphys.eai 
line,  the  cartilage  eehs  form 
only  short  rows,  or  may  be 
irregularly  arranged,  and 
there  is  little  or  no  ossifi.- 
eation,  hence  the  diminu¬ 
tion  in.  the  length  , of  ..the 
bones..'  The  earfilaginous 
epiphysis  is  sometimes  con¬ 
siderably  enlarged,  and 
with  the  small  shnit 
A  B.  C  presents  a  mushroom-like 

Fig.  559. — Bones  from  a  ease  of  achondroplasia  appearance;  ^bere^  may  be 

(natural  size).  also  areas  of  sot tening  in  the 

(A)  I’emur.  (B)  Clavicle  (for  comparison).  (C)  Humerus,  cartilage-  The  indrawing 

(J.  W.  S,  B.)  of  f'be  nose  results  from  a 

shortening  of  the  base  of  the 
skull,  and  this  also  is  due  to  imperfect  ossification,  which  is  sometimes  accom¬ 
panied  by  premature  union  of  the  basi-sphenoidal  and  sphenoidal  sutures.  In 
fact,  all  the  bon^  ossified  from  cartilage  are  deficient,  whilst  the  intramem- 
branous  ossification  proceeds  quite  normally  (Fig.  559).  There  are  varying  de¬ 
grees  of  the  condition,  and  89  per  cent,  of  affected  children  die  withm  the  first 
year  of  life.  In  less  severe  cases  the  child  may  survive  to  adult  life  as  a  form 
of  dwarf  with  short  thick  limbs,  but  with  no  other  important  change.  Recent 


Fig.  559.- 


(A)  Bemur. 


-Bones  from  a  ease  of  achondroplasia 
(natural  size). 

(B)  Clavicle  (for  comparison).  (C)  Humerus. 
(J.  W.  S,  B.) 


!  1 1„ 8  TE  X  1^.1^ ()() k:  of  :pai ’  I  I  C  >  I  A)GY 

Siu(l,i<\s  from  l)('nmark  luiv<^  shown  fha,f>  aoliondrophisia.  is  dia^  fo  a,  doininant 
^ono  with  a,  \’ary  !iiju;'h  mufa,iioii  niio  ;  ihm  ihv  majority  of  caisos  a,ro  td}cu'esult 
of  a.  imdad  ion  in  ono  or  otlior  padroni  whoso  clumoo  oi'  pro’dmriri^r  a,  S(Ma)nd  afford, ed 
ohild  is  no  Ki‘<'aior  Idan  tliad  of  oIIum-  norma, 1  porsons  ;  a.('h<>ii(hT)pla.st,ic^ 
who  survival  l,o  aduli,  lifd  |>rodu(a^  noiamil  a,n(l  a,rfocfo<l  (‘liildrcai  in  orpial  mmibeivs 
whon  null, 0(1  with  norma, 1  'piYrsons. 

dlio  inod((  of  aol  ion  of  Mio  a,hn(w:ma,l  gono  is  ohsouro  ;  no  d(dinit,o  losion  has 
hiMai  IVanid  in  a,ny  of  (iu^  ondoorino  gla,nds,  i.o.  i,lio  disoa,S(^  is  oIoa,rIy  disfinct  fro^ 
oroiinism.  It,  is  also  of  <  juil,(^  a  diffonad,  nainrc^  fVom  riokofs  a,nd  i.lio  form  ‘  fa^tal 
ri(‘k(d,s  ’  is  ina,ppropriai.(a 

Cretinism.  The  osseous  changes  in  this  condition  are  described 

Ix^low  (p.  101  i)). 

lhaphysral,  'Idiis  l,<M‘m  is  a,pi)Ii(Hl  to  a.  oondifion  w1uu*<i  tliore  is  a 

disl,urha,noo  of  ossi(ir.a,l,i<ai  a,(,  l,h<^  opipliystad  tmds  of  long  honchs,  ht>Ui  taicluaKiral 
and  porioKh^a,!  pror('ss<>s  Ixa'ng  invoKaal.  nornud  growth  in  haigth  is  hupaired 

and  wlKMi  th(MO  is  mull.ipk^  a,IT('ol.ion  of  boiu's  a,  (orta,in  a, mount  of  dwarfism 
ma,y  nhsult,  r\u^  m<dj\physiH  is  a, Iso  l)roa,d(mod  owing  i,o  fa,iluro  in  tho  normal 
moulding,  and  from  its  surfa,ro  tad, growth  of  oartihigo  ooonrs,  forming  chon- 
dromata.  ':^hoHt^  uinha-go  ossifuadion  and  hoooino  rounthal  or  pointod  ostoWata  • 
th(;v  art)  rovtavd  witli  a  layor  tif  tairtihigt)  I, ill  t,ho  ptu'itxl  of  (it)m])lt)to  ossificatiom 
ddio  tlistxiso  is  htavditary  in  most  toast's  n-nd  iho  condition  is  also  known  as 
hvrvditary  midiipfe.  (wtvomata,  A  tdosoly  n,lliotl  condititio  is  dy. achondroplasia  or 
()llicr\s  (lisfuisc:  iho  rt'lation  t)f  tho  two  a,n,octit)nH  is  still  in  disputo.  Nothing 
is  kmwvn  of  its  (d.it)Iogy. 

l/vpoU  (iran  nlonmtosls  or  XanthomatoHls  oj  Hones.  'Phis  is  a,n  example' of 
(listurhaaux)  of  Hpoid  m<d, a, holism  simihir  to  that  doscrihod  ahovo  in  other  affec¬ 
tions  (p.  r):$2).  H,  is  ('Inu’at'ttM’iriod  by  tin)  forma, tiou  of  multiple  nodules  especially 
in  bonths  ossilhxl  in  nuanlira.ae,  nota,hly  in  those  t>r  tho  skull,  Tho  condition, 
whit'.h  thus  Simula, It'S  multiple  tumours,  is  due  to  loca,lis(xl  accumulation  of 
liix)id  within  ivtieulo-tmtlothclia,!  ctdls  ;  it  has  been  mt)t  with  chiefly  in,  infants 
autl  young  childnMi.  d'he  li[)oitl  involvtxl  in  tuises  reported  has  been  cholesterol 
('sinrs  and  the  aflectiou  may  be  r(^ga,rded  a,s  a,  va.ricdy  of  the  I hmd-lSclitiller- 
('lu*iKtia,u  <lis(aiHe.  The  eondii.ion  deserilxxl  a,s  co.slnophiiic  yramdoma  oJ  bowels 
i'<'gard(‘d  hy  some  writiu's  as  of  a,  similar  na,tnr(’'  hut  is  elunvicUa’ised  by  the  presence 
of  very  abundant  (xisiuophilt^  leii<-oeyt('s  iu  a-ddition  to  juacrophagms  filled  with 
li|)oid, 

TUMOUBS 

Simple  Tumours,  Tlio  osUmna  and  chondromet  are  the  cliarac- 
teriRtic  growihn  of  boneg  and  tluvso  have  already  been  described 

(PP-  ^d8).  Fibroma  oc(;aKionally  ocicuns  in  connection  vrith 

the  bon(‘.s  of  iho  ja,ws  ;  tine  alveolar  marginof  the  lower  jaw  is  a  not 
uncommon  site,  tlu^  tumoxrr  being  tlum  known  m  fibrous  epulis.  It 
usually  grows  from  tho  periosteum  and  often  contains  spicules  of 
bone.  Transitional  forms  to  sarcoma  also  are  met  with.  Myxoma 
is  a  rare  tumour  in  bone,  but  is  soon  sometimes,  especially  in  the 
medullary  cavity,  where  it  may  roach  a  large  stee.  The  so-called 
cysts  of  bone  may  result  from  softening  of  a  tumour,  for  example,  a 
myxoma  or  chondroma.  Cystic  spaces  sometimes  occur  in  bone  in 
connection  with  Paget's  disease  and.  osteitis  fibrosa  (p.  913),  and 
also  apart  from  these  allections.  Such  cysts  are  often  elongated  in 
form,  contmu  brownish  fluid  and  are  lined  by  a  fibro-oellular  tissue 
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in  which  giant-cells  are  present.  As  already  stated,  it  is  not  possible 
to  draw  a  line  between  such  cystic  lesions  and  what  may  be  ealled 
a  localised  form  of  osteitis  fibrosa.  A  space  containing  altered 
blood  not  infrequently  arises  from  the  softening  of  the  interior  of  an 
osteoclastoma  (Fig.  560). 

The  term  ‘  osteoid  osteoma  ’  has  been  used  by  Jaffe  to  describe  small  skeletal 
lesions  consisting  of  rounded  areas  of  reduced  density  surrounded  by  a  shell  of 
sclerotic  bone.  There  is  considerable  pain  but  neither  fever  nor  leueoejdosis. 
Microscopically  the  lesion  consists  of  dense  fibrous  tissue  containing  osteoclastic* 
giant-cells  and  trabecul®  of  irregularly  calcified  osteoid  tissue.  It  is  uncertain 
whether  this  is  a  lesion  distinct  from  localised  osteitis  fibrosa  and  granulomatous 
reactive  processes. 


Fig.  560. — ^Cyst-like  space  in  lower 
end  of  femur,  resulting  from 
softening  of  osteoclastoma,  x  f. 


Fig.  561. — Carcinomatous  invasion  of  lower 
end  of  femur  and  of  a  rib,  secondary 
to  carcinoma  of  prostate. 

The  rib  is  shown  on  section,  and  it  is  seen  that 
the  medulla  has  been  replaced  by  dense  sclerotic 
bone the  femur  shows  irregular  early  areas '  of 
similar  nature,  x  i. 


Malignant  Tumours.  The  primary  growths  may  be  briefly 
summarised  as  foUows ;  {9)  By  far  the  commonest  is  the  tme  bone 
sarcoma,  often  known  as  ‘  osteogenic  sarcoma,’  a  growth  ongmatmg 
from  osteoblasts  (p.  226).  (6)  Another  weU-recopised  though  much 

less  common  variety  is  Ewing’s  sarcoma  (p.  228) ;  its  origm  is  douhtfifl^ 
(c)  Giant-cell  tumour,  myeloid  sarcoma  or  osteoclastoma ;  it  is  rarelj 
malignant  and  is  sometimes  placed  by  miters  amongst  the 
growths.  It  may  best  be  regarded  as  being  a  type  by  itself  (p.  i-^a). 

Multiple  myeloma  is  often  placed  amongst  the  bone  tumours,  but 
its  origin  is  from  the  ceUs  of  the  marrow  (p.  553)  .  The  charaeters  of 
all  these  have  already  been  described.  ^ 

Secondary  growths  of  carcinoma  are  very  commonly  met  witn 
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111  1k,ii(,-w,  occaKioiially  also  waioiulary  (sat-aoma.  "Mdlaiioniata  arp 
s|»ccia,lly  i.roiic  l.o  give  ris,-  to  very  imauTou.s  bo.ui  ni<4,a.stase8.  In 

oa^'cinonai,  wccoiidary  growtiis 
owair  espeoially  in  cancer  of  the 
l>rea,.st,  prostate,  and  thyroid ; 
tliey  are  also  met  witli  in  kidney 
tnrnonrs,  both  ‘  liypernephroma’ 
and  papillary  adenocarcinoma. 
'I'he  reason  for  this  incidence  is 
not  fully  understood.  They  may 
be  in  large  mnnbers  and  practi- 
rally  any  bone  may  be  affected, 
although  the  bones  containing 
red  marrow,  notably  the  vertebra 
and  rib.s,  are  Hpocially  liable  to  be 
i  n  V  ol  ved .  Secondai'y  growths 
vary  in  their  effects  and  are 
Hometinu's  described  as  osteo- 
fi/hr  a, ml  ()nU‘(>plu‘<Hc..  In  the 

,-rr.  ,  Ki'cat  rosoriition  of  bone 

s  the  clue  leatuiv  and  sj.i.nta, neons  fnw.tnre  may  occur;  whilst  in 
th  lattm  the  (dleet  us  imiinly  a  thiekenmg  and  sclerosis  of  the  sur- 
rounding  bone  wliieli  eneronclies  on  tlu^  marrow  (li’ig.  .fihl)  and  leads 
to  a.memia,  oslro.,drmlir  aiuvniin,  udii.-h  is  oftmi.  of  leucouwythro- 
blastie  elia.rn.eter  (p.  r»02)  a, ml  is  associated  with  sphaiomegaly  due  to 
niyiHoHl  ii’ansformai-ion. 


filii;. . of  hoiKi  iti  ii  of 

proKta,to<Mir(G’noma,,  Hliovvin^’  MuulilTuHi' 
in/ill.nitioa  by  <'adU’<vr  ('(iIIh.  (A  A  (M 
X  (iO.  ‘  ' 


lumours  of  Joints  and  Tendon  Sheaths.  Primary  tumours 
ol  .|omts  arn  ratlu'r  uneoiiumm.  I'lu'y  a, re  <ialled  synoviomata  and  two 
yarietiis  (huse.rihed,  the  giant-c(>ll  and  the  papillary,  the  former 
hemg  the  eoiumoner.  In  relation  to  joints  it  oceurs  most  often  in 

tile  knee  ami  is  assoeiated  with  . . us  hyperplasia  of  the  synovia  and 

repeated  Inemorrhagi's  m(o  the  joint  from  whieh  much  altered  blood 
■pigment  is  deiiosited  in  the  synovial  immibrane.  This  is  followed  by 
the  development  of  areas  of  hyaline  (ilirous  thiekeiiing  in  which  foamy 
cells  ami  osteoelastic  giaiit-eells  are  numerous  ami  the  condition  may 
be  described  as  a,  pignii'-nM  rillonodiilnr  i^ijnon.tu.  At  this  stage  it  is 
(hniciiltto  he  certain  wiiether  the  eomlition  is  imrely  reactive  following 
repeatml  luemorrhage,  1ml,  in  .sonu^  eases  the  lesion  jirogreMses  like,  a 
true,  neoplasm,  giving  rise  to  repea, ted  loea,l  recnrreiiccs  and  occasion¬ 
ally  to  local  maligna, iiey  r('quiring  amput,a,tion  (Wright).  iSecondary 
spread  is  rare  and  i.s  usually  late  ;  pulmonary  metastases  have  been 
iccotded  (l)e  Santo).  A  growth,  of  similar  structure  occurs  in  con- 
mu'.tiou  with  t.lie  sheaths  of  tendons  and  is  commonly  known  as 
niyelcmia  of  temion  xhmlh  ;  this  also  should  be  regarded  as  a  synovioma 
(Stewart).  Suck  tumours  are  eonunonest  in  connection  with  the 
Ik'xor  tendons  of  the  lingers  (Pig.  fifijc)  wluu'i^  multiple  small  yellowish- 
Hown  tumours  odour  loos(^ly  attac^luyl  to  tlu;  out(vr  aspoet  of  the^  sheath 


.  (c) 

Fig-  563.— (a)  Pigmented  villo-nodular  synovitis  (at  a),  showing  the  development 
of  giant-cell  s3naovioina  in  the  joint  capsule  (at  b),  X  10. 

(6)  Malignant  synovioma,  showing  clefts  and  villons  processes  lined  by 
cubical  cells.  X  100. 

(c)  Giant-cell  synovioma  of  tendon  sheath.  Multiple  nodules  of  pigimnted 
giant-celled  tissue  are  loosely  attached  to  the  flexor  tendon  of  the  ring  finger. 
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a,iv(l  S()n)(vt,inH\s  pju’tly  caHvircliiig  it.  In  are  present 

along  with  a-  fil>!’(>(‘,elliila4*  tissue ;  foa.inx'  e,(‘lls  (^oni.aining  fatty 
nKiterial,  the  son^aJlial  Vxanthoma  calls;  a.r(^  sonuIBiu^s  a  prominent 
feature,  and  tlien^  may  Ix^  also  a,  (‘nnsidia’a.hh^  a,(U‘.innula,ti()n  of  h^emo- 
sid(aan.  Hnvh  growths  a.re,  as  a.  rule,  of  (|uita  simj)le  elniracter,  but 
in  som(‘  insta,nees  tlu^y  ha-vx^  displayed  imdigiuint  pinixa-iic^s  and  ^iven 
ris(-  to  nudiaxta,s<^s.  "I^his  has  ()(xnirre(l  (^sjKHaaJly  in  i,h()se  connected 
with  larg(‘r  i.cmdoiis. 

s(Mu>nd  t\'p(‘  of  synovial  tuiiurur  ()ccurs  inainly  in  connection 
with  th(‘  synovia,  of  t(Midon  sluNvths,  es|)(Hiially  those  about  the  knee. 
They  appcvir  as  (are.ums(a’ihcMl  Ih'shy  whilx^  tumours,  rather  friable 
and  lo(>s(‘Iy  a.ttnxdied  to  tlu^  t.endons  at  oiu^  or  nion^  points,  and  there 
ina.y  h(‘  small  artais  of  (h^gtMua’a.i.ion,  hamiorrluigu^  and  e.aJcili cation,  but 
they  hu^k  t.ln^  (^luiraelxaistii^  brown  colour  of  tlu^  giantxall  type.  The 
strnd-un^  (‘onsists  of  rat.luu*  sj)indl('-c<dled  fibrous  tissue  in  which  there 
ar(‘  num(‘rous<‘.l(dtdik(‘ spa.<i(\s  lineal  by  e,ubi(ad  oi*  fhittened  cdls  forming 
a  litlh^  mmanous  inatnria.l.  In  pla.e(‘s  ib(‘S(^  c.cTs  giv(^  rise  to  complex 
villous  pa.fl(a‘ns  and  a,  <nstinetly  papilliform  (‘i)ithelia;i  architecture 
ma.y  d<‘V(‘lop  (hig.  (/>)  ).  In  our  (exixunMun  thx^se  papilliforni synovial 
grovvfJis  ar(^  undoublxally  nudignant.,  Ixung  proiu^  to  rec.ur  locally  and 
also  to  m(‘i.a.sta.sis(‘  l.o  i.la^  lungs  and  to  r(\gioiuil  lymph,  nodes  where 
tlnn'  normally  mainl.ain  i-luar  disfnicl.iv(^  a.rc,hite(dur(x  Sometimes 
tiny'  rim  a,  prolongxal  coursi*  wil.h  r(^p(‘a.t<Ml  loiad  recurrence  before 
nnd(M'going  giaua'al  disscMninafion. 

(hs’lco-r/ioDflronialosis  is  a.  (condition  of  doubtful  nature,  occurring 
inor(‘  (‘onimoidy  in  tlu^  kiua^  or  (dboAV  joini.s  of  makvs,  in,  which  the 
synovial  imunbraiu'  of  a.  joint  <l(‘V(dops  piMhimaihih'd  mass(\s  of  cartilage 
and  bojuu  Sonu^  of  ibcsi^  Ix'c.onu'.  loost^  in  i-lu^  joint  a, ml  constitute  a 
va.ri<‘ty  ol  Ioos<^  body.  Idu^  joint  sur.fa.(H‘S  a,r(\  tluvn  liable  to  injury 
and  ost(M)-a,rthrit.is  of  i.lK-;  join!.  r(‘snlt.s.  Tda^  fafty,  (avrtilaginous, 
and  ()SS(M)ns  growths  nud-  with  in  ecu’tahi  chronic,  joint  diseases  are, 
of  course,  not  to  Ix^  i'(^gaa‘d(xl  as  true  tiunonrs. 


IT  JOINTS 

Acute  Arthritis.  Apart  from  the  acute  inflammatory  swelling 
of  the  soft  tissmx  of  a.  joint  prodiuicd  traumatically  by  contusion  or- 
strain,  tlu^  joints  in  axaiti^  aadbritas  a,r(x  in  tln^  vast  majority  of  cases, 
alhaded  by  way  of  tlu^  blood  sl.naun.  d\vo  tyiics  of  acute  arthritis 
are  usually  distinguisluxl  tlu's  vnm-,s7/.y)yr/./,'m^//ae  and  the  suppurative,  \ 
and  the  distimd.ion  is  of  imporixuuu^  in  vi(‘-w  of  the  diReronce  in  results. 
Of  non-sup])uratIv(^  aiadx^.  a.rthritis,  ilu'.  I'heumatie,  and  the  gonorrhmal 
are  the  outstanding  (^xainphx,  but  tlu^  hitti'r  may  also  be  of  the  siip- 
pnra,tive  typex 

Rheurruitic  Ardvritis.  In  acute  rheumatism  several  joints  are 
usually  aSected,  and  as  the  condition  resolves  in  some,  others  often 
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become  affected.  There  is  general  acute  inflammation  of  the 
synovial  membrane,  with  effusion  into  the  joint  cavity^,  and  the  fluid 
in  excess  has  a  more  or  less  turbid  appearance  owing  to  the  presence 
of  leucocytes  and  sometimes  shreds  of  fibrin  are  present.  As  a  rule 
no  organisms  can  be  found  on  microscopic  examination  of  the  fluid,  and 
it  is  usually  sterile  on  culture.  The  most  important  mflainmatory 
changes  are  in  the  sjmovial  membrane  and  occur  partly  in  the  form 
of  focal  inflanimations  as  elsewhere,  and  partly  as  a  general  affection 
of  the  soft  tissues  accompanied  by  much  inflammatory  cedema.  In 
the  majority  of  cases  the  inflammation  subsides  completely,  and  there 
is  a  return  to  normal,  hut  sometuiies,  especially  when  the  substance 
of  the  capsule  is  involved,  it  passes  into  a  subacute  and  cliroiiic 
condition,  and  there  may  be  permanent  thickening  of  the  capsule  and 
the  tissues  around.  Along  vdth  the  affection  of  the  joints,  iiiflaiii- 
matory  foci,  knovm  as  ^  subcutaneous  nodules,’  inay^  occur  under  the 
skin,  and  also  in  the  inter-muscular  coimective  tissue,  periosteum, 
etc.  They  are  met  with  especially  in  children  and  are  usually  of 
evanescent  character,  though  some  may  remain  as  fibrous  nodules 
{vide  p.  930).  Inflammatory  changes  may  take  place  in  other  parts 
of  the  body.  Pancarditis  is  a  common  accompaniment  (p.  348),  and 
there  are  inflammations  of  serous  membranes,  especially  of  the  peri¬ 
cardium,  also  of -the  pleura.  In  all  these  positions  inflammatory  foci 
and  formation  of  Aschoff  bodies  as  described  in  connection  with  the 
myocardium  (p.  349)  may  be  present.  Acute  rheumatism  may  be 
attended  by'  symptoms  of  cerebral  irritation,  known  as  cerebral 
rheumatism,’  and  this  may  be  followed  by  hj'perp^^u'exia.  It  is 
occasionally  followed  by  chorea,  especially  in  cMklren,  though  tMs 
may  occur  independently.  Chorea  results  from  an  affection  of  the 
brain  and  there  are  found  infiltrations  of  round  cells  aronnd  the  minute 
vessels  along  wdth  a  certain  amount  of  endothelial  proliferation.  Such 
small  lesions  are  present  chiefly  in  the  cortex  and  in  the  corpus  striatum. 

As  has  been  described  previously  (p.  348)  the  onset  of  acute 
rheumatism  is  usually  preceded  by  tonsillitis,  sore  throat  or  some  other 
infection  by  Streptococcus  pyogenes  about  three  weeks  previously,  hut 
there  is  no  evidence  that  these  or  other  micro-organisms  are  present  in 
the  affected  joints  in  rheumatic  arthritis  and  the  relationship  is  an 
indirect  one.  Older  observations  on  the  recovery  from  the  joints  of  a 
'  specific  micro-organism,  The  Micrococcus  rheumMicus,  have  not  been 
generally  confirmed  and  are  not  now  accepted  as  proof  of  an  etiological 
relationship.  It  is  now  generally  believed  that  lesions  of  rheumatic 
fever  are  attributable  to  allergic  supersensitiveness  of  the  tissues  to 
some  product  of  the  streptococcus  but  while  there  is  a  clear  epidemio¬ 
logical  association  there  is  much  that  is  still  obscure  in  the  relationship. 
The  etiology  of  acute  rheumatism  has  been  more  fully  considered  on 
p.  348.  Hench  and  his  co-workers  have  showm  that  the  adrenal 
cortical  hormone  brings  about  a  rapid  resolution  of  the  local 

and  systemic  manifestations  of  rheumatic  fever,  as  it  does  in  certain 
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oUum:  iVmmlvm  bdievcHl  to  ho  of  allorgic  origin,  but  the  significance 
oi:  tliis  o!)S(n‘va.tion  Inis  not  yoi,  hoon  clnc.idatod. 

GonmrhmU  Artlt/rUis,  Sometimes,  especially  in.  the  later  subacute 
stag(^  of  \mU\m,tod  goiiorrluea,  gonoeoeei  a,r(^  carried  from  tlie  urethra 
l)y  tiu^  l)lood  stiaaim  to  oi.lier  |)aj'ts,  and  tliey  sliow  a  special  tendency 
to  iivlee/t  joints,  tivndons,  and  o(,li(‘r  ITbi’ous  iissiuNs.  Such  lesions  are 
v(‘ry  nuKih.  rai’er  siiu^e  the  advamt  of  sp(‘(ali(^  eJunuotli crapy,  and 
nowadays  on  ly  a,  transient  niiJd  arOirilis  dinhig  tlu^  eoursi^  of  the  acute 
gtantal  iivf(‘etion  is  at  aJl  common.  In  Lie  ahsiaice  of  s})(Halic  therapy 
liowevaa-,  on(‘  or  sivvxwal  of  tlu^  joints  may  afre.ctcxl,  and  the  chancres 
pr(‘S(‘n(.  a.ix‘  ol*  a,  similar  natur(‘  to  thos(^  d(\sc,rib(Ml  a.l)()V(\,  but  there  is 
greatxvr  Uvudemy  for  the  surrounding  tissu(‘s  to  b(^  involved.  Not 
iniViapu^ntly  (xmdon  sluaitbs  ar(‘.  afrec.hxl  gonoia-lueal  tenosynovitis. 
'Vho  aftection  occurs  in  two  main  typ(‘s,  a,n  axmte  a,nd  a  less  acute  or 
<^hroni(‘.,  lii  axmte  ca,s(\s  the  jointi  shows  tlie  ordinary  signs  of  inflam- 
nuition,  and  gonoc,o(u*.i  may  oc.ca.sionaJly  l)(‘,  found  within  the  poly- 
jiuorj)ho-muil('arr  hantocydxNS  whicL  a, bound  iji  tlu'  synovial  Iluid,  though 
nion".  fnapumtly  (h(\y  a,r(‘  ohtainahh^  only  in  (udture.  ISometimes, 
how(‘V(a*,  liu'.  |)ras(mc-e  of  tlu^  organisms  cannot  b(^  (hmioustrated,  owing 
to  th(^  fa.c.f  tluit  tluy  llourish,  (‘SjHHua.lly  in  tlu‘.  synovial  membrane  and 
soon  undergo  dissolution  in  tluyjoint  Iluid.  Pomplehm'eturn  to  normal 
may  (xxmr,  but  tlu‘.  condilion  bmds  to  of  an  obstinate  character, 
a,nd  fibrous  thic,ktaiing  of  tlu^  cnpsuh^  of  tlu^  joint  with  adhesions  may 
follow;  own  (ihrous  ankylosis  may  ixssulti.  ()(x*,asionally  there  may 
b(',  ovau'growt-h  of  hone  in  (ionmad.ion  with  i-he  joint,  hi  the  less  acute 
or  (dironici  easiNS  sc^via-ai  joints  a,r(‘.  oftcm  a-ftecd-ed  axid  great  disability 
may  nssult. 

.lnl.eetion  of  a-  luairt  vaJv<‘.  may  (xuair  in  (uisas  of  blood  infection, 
but  in  Gnait  Britain  this  is  of  grisit  rarity  "-nnlilui  what  obtains  in 
axuiix^  rluumiai.ism.  (ionorrluxail  (mdoea-rdilis  is  usually  characterised 
by  Iarg(^  crumbling  V(\g(dia,tlons. 

Suppurative  urlhritu  may  ocxuir  in  systemk*,  infection  with  a  variety 
of  organisms,  but  streptocoexu  and  stapliylocxxici  are  chiefly  concerned. 
.Pn(nim()(x)ccal  ax’thritis  is  imd/  with  in  children  ;  it  is  usually  not  severe 
and  suppuration  may  not  follow.  Th<u*(>.  may  bo  some  suppuration 
or  inllammatory  inhudaon  elsc^wluax^  smdi  as  erysipelas,  puerperal 
sepsis,  bacterial  (mdocmrditis,  ete.,  but  in  some  eases  the  path  of 
infection  is  <|uit(^  obscur(‘..  One  or  sevcu’al  joints  may  ho  infected, 
ai\d  all  degr(x‘.s  ol*  scwiudl.y  arc  med}  with  ;  especially  severe  are  the 
easels  due  to  SkiphifloeoccuH  auren.s\  wliiidi  sometimes  reaches  the  joint 
from  ost(X)my(ditis. 

In  some  cases  the  (iondition  is  merely  a  purulent  synovitis,  and 
even  with  pus  in  the  joint,  resolution  may  occur  ;  but  in  the  more 
severe  types,  su])purativ(i  foci  or  diffuse  suppuration  may  form  in  the 
joint  capsule  and  in  the  soft  tissues  around.  Softening  of  the 
ligamentous  structures,  erosion  or  necrosis  of  the  cartilage,  and  ulti¬ 
mately  complete  disorganisation  of  the  joint  may  then  follow. 
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Artluitis,  either  suppuratiTe  or  non-suppuratiTe,  occurs  as  a 
complication  in  various  specific  fevers ;  for  example,  in  scarlet  fever, 
where  the  afiection  may  resemble  that  in  acute  rheumatism.  In  pneu¬ 
monia  and  other  pneumococcal  mfections,  and  in  cerehro -spinal  fever, 
the  joints  occasionally  become  infected  with  the  corresponding  organ¬ 
isms,  and  the  arthritis  may  be  purulent.  Acute  arthritis  occurs  in 
bacillary  dj’sentery,  less  frequently  in  t\-phoid,  and  occasionally  also 
in  other  infections  caused  by  the  organisms  of  the  coli-typhoid  group^  , 
the  association  with  urethritis  and  conjunctivitis  is  known  as  Reiter  s 
syndrome,  which,  when  not  due  to  dysentery  or  gonorrhoea,  may 
possibly  be  due  to  organisms  of  the  pleuro -pneumonia  group  or  to 
a  virus. 

Chronic  Arthritis.  This  may  be  the  sequel  to  one  of  the  forms 
of  acute  arthritis  already  described,  especially  to  the  rheumatic  and 
the  gonorrhoeal ;  and  chronic  disease  of  joints  is  frequently  due  to 
tuberculosis,  and  occasionally  to  syphilis,  as  has  been  described  in 
connection  with  diseases  of  bones  (pp.  896,  902).  In  a  considerable 
proportion  of  eases,  however,  the  affection  is  of  a  chronic  progressive 
nature  throughout,  and  is  not  due  to  any  of  these  causes.  In  the  ab¬ 
sence  of  knowledge  as  to  the  etiology  of  such  conditions,  classification 
has  to  be  based  on  the  structural  changes  and  general  climcal 
features,  and  there  is  considerable  variation  in  the  accounts  given 
by  different  authorities.  Two  main  types  are,  however,  generally 

recognised ;  ,  _  «  j  . 

(a)  In  one^ — rheumatoid  arthritis — several  jomts  are  anectea , 
the  disease  starts  in  the  capsule  of  the  joint  and  leads  to  interference 
with  movement  and  often  to  ankylosis. 

(b)  In  the  second — osteo-arthritis — ^the  primary  lesion  is  in  the 

cartilage  or  bone,  and  there  is  a  combination  of  atrophic  change  with 
the  formation  of  considerable  outgrowths  of  bone  and  cartilage  ; 
not  infrequently  only  one  joint  is  affected.  _ 

But  in  addition  to  these  two  main  types,  it  must  be  recognised 
that  there  are  other  conditions  which  vary  somewhat  in  character 
and  which  often  appear  to  be  related  to  chronic  septic  conditions  m 
other  parts  of  the  body.  In  some  such  cases  organis^  have  been 
described,  but  bacteriological  examination  tonally  gives  negative 
results,  and  no  organism  can  be  said  to  be  established  as  a  causal  agent. 
Such  conditions  are  included  by  Stockman  under  the  heading  of 
‘  chronic  infectious  arthritis  of  unknown  origin.’ 

Rheumatoid  Arthritis  or  Arthritis  Chronica  Adhesiva.  The 
disease  may  be  said  to  be  a  chronic  polyarthritis,  as  there  is  some¬ 
times  almost  a  general  affection  of  the  joints ;  and  it  starts  in  the 
soft  tissues  of  the  joints,  the  cartilage  and  bone  bemg  secondarily 
affected.  It  occurs  much  more  frequently  in  women  than  m  men, 
and  usually  b^ns  in-  the  years  25-40,  though  also  at  both  an  ^her 
and  later  period.  It  is,  as  a  rule,  of  insidious  origin  and  chrome 


!'2fi  TEX'J’-BOOK  OF  PATHOLOGY 

thi-ougliduL  thougli  sonictimcjB  it  is  ushered  in  with  more  acute 
s.y  inihonis  a.iul  soiiu^  pyi-t'xiji.  I  (i  .has  s()lu(^  of  (,lin  ['(udnires  of  a  specific 
iirhuition,  but  ibc  eansal  agcuit  is  unknown.  Somewhat  similar  joint 
lesions  a.re  foimd  in  certain  domestic.  a.nima.Is  a.ssociated  witli  erysipelo- 
thrix  ami  pltairo-piKminonia.  inh'edons,  hut  no  such  micro-organisms 
have  iK'en  tecov(^ted  in  ma,n.  As  a.ntecedent  c.ondilions,  physrcal  and 
mental  strain,  alinormal  ga.sl.ro-int('stina.i  rermeid.a.ilons,  uterine  dis¬ 
orders,  dental  (ni.ries,  ette,  ha.ve  Ix'en  described  in  va.rious  (iases  but 
nothing  delinib'  has  been  esta.blislu'd  a.s  n'ga.rds  (>tiologv.  In  rheuma¬ 
toid  arthritis  a.Isc),  Ibaub  ha,s  observ(^d  graad.  improve.nicnt  to  follow 
the  administration  of  cortisone  or  of  A.G.d'.H.,  but  r(da,i)se  occurs  when 


K.ht3iiirHhiu,i(,'l  ih.hIuIo  .from  rogiotx  ol:  olboW" joint.  X' 90. 

l.r(‘a.iin(‘ut.  is  siopjHHl,  {nid  ilu'  uH^aniiig  of  this  ()l)S(n’V"ation  is  quite 
obsciiri^  UaS  y(3t.  Idle  sniall  joints  oT  tlie  iing;ers,  esiieeially  some  of  the 
int.(s*|)hal?uiu:<Nd  joints,  n.re  nsnnlly  (irsi.,  th(‘,  disease  then  ex- 

tcsiding  to  ot.lnn’  l)on(^s  of  tln^  Ininds  iuul  implicating  a  varying  number 
of  the  larger  joints  also.  Tlunx^  is  a.  little^  td'fusion  in  tlu^  iwly  acute  phase, 
(K)nta.ining  [lolyinorplio-nueh^aa’  hnieoc^ytc's,  lint  miero-organisms  are 
ahscnit.  ijaUn-  synovial  nunnhraiu^  a<nd  tlu^  tissiu^s  around  become 
svvolkm,  owing  to  chronic.  inflannnatoi*y  changes  with  ])roliferation  of 
(Hinmadivc^  tissue  e.tdls  a.nd  forinaiaon  of  new  blood  vessels  with  great 
accumulation  of  lymphocyti^s  and  phisma  <^clls  in  multiple  foci; 
th(3  joint  thus  c.omcs  to  assume  a  sj)indle-lik(^  form.  The  swollen 
tissues  then  Ixa^ome  more  fibrous  and  indurated,  and  the  parts  around, 
inedudiug  the  tendons,  are  similarly  involvcal  ;  movement,  of  course, 
becomes  markedly  intendered  with,  and  semondary  changes  take  place 
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in  the  articular  cartilages.  Degeneration  and  fibrillatioii  o^ccui  ^  in 
the  cartilage,  ■which  becomes  covered  by  a  paiimis  of  new  coiinecti\  e 
tissue  and  blood  vessels,  and  is  gradually  absorbed  by  iiigrovr't-h  of 
granulation  tissue  from  the  sjuiovial  membrane  at  the  peripher}' .  As 
the  cartilage  disappears  the  vascular  new  connective  tissue  spreads 
into  the  bone  beneath,  and,  the  joint  cavity  gradually  becomes 
obhterated  by  the  growing  together  of  the  layers.  Ultimately  fibrous 
ankylosis  takes  place  and  this  may  be  followed  by  bony  ankylosis. 
When  these  changes  are  going  on  in  the  joint,  atrophic  processes 
occur  in  the  bone,  with 
resulting  rarefaction 
or  porosity.  Marked 
atrophy  of  the  muscles 
sets  in  early  in  the 
disease  and  the  ex¬ 
tensors  are  specially 
affected,  so  that  there 
may  be  partial  flexion 
at  the  joints.  The 
hand,  with  its  atro¬ 
phied  muscles,  con¬ 
tractures,  and  swollen 
joints,  thus  assumes 
a  characteristic  ap¬ 
pearance.  In  the 
neighbourhood  of  a 
joint  there  may  be 
marked  induration  of 
the  connective  tissue,  and  the  disease  is  often  associated  with 
fibrositis  and  pamiiculitis  (p.  929).  Subcutaneous  nodulp  con- 
sisting  of  central  collagenous  necrosis  surrounded  by  a  palisade  of 
radially  arranged  fibroblasts  occur  near  bony  prominences  (Fig. 


k  ■ 


Fig.  565.^' — Section  of  cartilage  in  osteo -arthritis, 
showing  marked  fibrillation  of  its  matrix. 
(Prof.  Stockman.) 


564). 

Osteo -arthritis  or  Arthritis  Deformans.  This  is  a  chronic 
disease  of  insidious  origin  and  slow  course,  which  aSects  primarily 
the  cartilage  and  underlying  bone.  It  starts  usually  in  late  adult 
life  though  sometimes  at  an  earlier  period,  and  is  commoner  in 
mei  than  in  women.  The  larger  joints  are  most  frequently  m- 
.p-olyed— occasionally  several,  sometimes  only  one,  especially  the  hip 
in  old  men  (the  condition  known  as  morbus  cozas  senilis).  The  disease 
is  occasionally  met  with  also  as  a  multiple  affection  of  the  small  joints 

of  the  hands  and  feet.  _  t.  _t 

The  joint  cartilage  at  an  early  period  loses  its  smooth  surface, 
becomes  slightly  irregular  or  velvety  owing  to  perpendicular  fibrMa- 
tion  of  the  matrix,  and  is  gradually  worn  away  (Mg.  565).  The 


^  The  late  Professor  Stockman  kiadly  lent  Figs.  565-56 
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uudiiiyiiig  hono  htH-orueH  gradually  exposed,  and  not  infrequently 

there'!  is  parallel  scoring 
or  grooving  owing  to  the 
movements  (Fig.  566)^ 
Ihe  surface  of  the  bone 
becomes  smooth  and 
hard  or  eburnated,  and 
t  lier  e  are  important 
clianges  in  its  substance. 
There  is  at  places 
atrophy  of  the  bone 
trabeculjE,  whilst  be¬ 
tween  them  there  is  an 
excess  of  mucoid  or  fib¬ 
rous  marrow;  the  sup¬ 
porting  power  is  weak¬ 
ened  and  the  bone  falls 
in  at  places.  For  ex¬ 
ample,  in  the  hip-joint 
the  head  tends  to  be¬ 
come  flattened  and  the 
neck  shortened.  At  the 
same  time  there  is  new 
formation  of  bone  which 
results  in  excrescences 
v.oviMvd  with  libro  (‘.arlila,g(‘  (Fig.  567)  ;  tJic.se  form  irregular  nodular 
])roj(Hd.ions  (\sp<‘cially  a.t  ihn  imirgin  of  the  a.rtu;ular  surfaces,  though 
they  <)(tcur  also  a-s  irr(‘gula.r, 
llattenc‘d  (devations  on  tln^  joint 
surfacun  In  tln^se  ways  great 
deformity  and  int(wf(u;en<5e  with 
movement  result.  Tlu^  ligaauents 
b{X',om('!  Hoftcuu'd  a.nd  w(uikened, 
and  luxatiion  of  th(‘.  joint  may 
follow,  Neitiher  fibrous  nor  bony 
ankylosis,  h  o  w  e  v  r,  occurs. 

Numerous  vas(mlar  villous  pro¬ 
jections  rtiay  form  from  tln^ 
syjiovial  membrane  and  Ixieome, 
infiltrat'd  by  adipose  tissue,  and 
the  inner  Burfa<ie  may  be  homt 
with  tln'm—  the  term  li^mna 
arborescens  has  been  a])plied  to 
the  condition.  This  is  especially 
the  case  when  the  knee-joint  is 
affected,  and  the  articular  surfaces  ma}''  bo  encroached  on  by  the 
Villons  synovial  mernbraiu'.  (Fig.  568).  (kirtilaginous  nodules  also 


F,i(J.  r>(i7.™-”Soctioa  through  bony 
< Novation  in  oHtoo-arthritia,  showing 
dolicat-o  spongy  bono  covered  with 
thin  layer  of  cartilage. 


Fnu  '  lI))f)or  end  of  fciinur  in  OHUbo-ari^b- 

ril.iH,  showing  (h(^  (^hunuitiou  juid  grooving 
of  the  lnuvd  arul  irregular  growth  of  hone  and 
cartilage  a,t  l.ho  nuirgius. 
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may  form  in  the  villous  projections  and  become  the  seat  of  central 
ossification  ;  some  of  these  may  become  detached  and  set  free  in 
the  joint  and  are  known  as  ‘  Joint-mice.’ 

Considerable  dispute  has  taken  place  as  to  whether  cartilage  or 
bone  is  the  seat  of  the  first  lesion  in  osteo -arthritis,  most  writers 
speaking  in  favour  of  the  cartilage.  But  it  seems  to  us  that 
the  changes  in  the  bone  are  too  great  to  be  merely  secondary  to 
a  lesion  of  the  cartilage,  and  they  may  be  marked  when  the 
latter  is  httle  altered.  It  would  appear  from  the  lesions  present  as 
if  the  nutrition  of  both  cartilage  and  bone  was  affected  independently 
by  the  same  cause.  As  to  the  true  etiology,  nothing  definite  is  known. 

In  the  case  of  affection  of  a  smgle  Joint  traumatism  seems  to  play  a 
part  and  Collins  attributes  the  onset  of  Joint  changes  to  injury  of  the 
articular  cartilage,  which,  having  no  powers  of  repair,  responds  to 
altered  mechanical  conditions  by 
degeneration.  There  is  no  evidence 
that  the  condition  is  a  bacterial 
infection.  The  occurrence  of  some- 
w^hat  similar  changes  in  the  Joints 
in  tabes  and  sjuingomyelia  is 
suggestive  of  a  nervous  origin,  but 
there  is  no  definite  evidence  of  this. 

Spondylitis  Deformans  ;  Afihylos- 
ing  or  Ossifying  Spondylitis,  In 
this  condition  the  various  Hgainents 
of  the  vertebrae  undergo  progres¬ 
sive  ossification  so  that  the  spinal 
column  becomes  immobilised  and 
ultimately  r  i  g  i  d .  Corresponding 
changes  occur  in  the  ligaments 
of  the  costo-vertebral  articulations 
and  occasionally  also  in  the  large 
joints  of  the  extremities,  and  bony  ankylosis  of  the  affected  Joints  may 
result.  The  affection  has  been  regarded  by  some  as  of  the  same  nature 
as  osteo-arthritis  but,  as  pointed  out  by  Stockman,  the  parts  affected 
are  different  in  the  two  diseases— the  fibrous  tissue  in  spondylitis,  the 
bone  and  cartilage  in  osteo-arthritis.  Moreover,  in  the  latter  boiiy 
ankylosis  does  not  occur.  He  regarded  as  the  essential  featiue  of  the 
disease  the  formation  of  bone  in  chronically  inflamed  connective  tissue 
of  the  small  spinal  Joints  and  ligaments  and  flnds  that,  as  regards 
its  conditions  of  occurrence,  it  is  related  to  fibrositis  and  rheumatoid 
arthritis.  Collins  agrees  that  the  disorder  is  more  closely  related 
pathologically  to  rheumatoid  arthritis  and  notes  the  frequency  of 
rheumatoid  lesions  in  the  proximal  Joints  of  the  limbs  in  such  cases. 
There  are,  however,  certain  differences  chnicany  and  the  true  nature 
of  the  condition  is  unknown,  as  is  also  the  reason  why  the  ossifying 
process  should  occur  specially  in  connection  with  the  vertebral  column. 

HU 


Fig.  568. — Portion  of  knee-joint 
.in  osteo-arthritis. 


The  patella  seen  from  behind  Is  surroaiided 
by  numerous  villous  projections  from  the 
synovial  membrane,  x  |. 
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!  I  ('bidden' s  Nodes,  Thme  are  sinali  bony  elevations  or  knobs 
wliicli  are  met  with  on  tlu^  terminal  plialanges  of  tlie  digits  just  above 
tlio  joints  ;  thoy  mtiy  oemir  on  orn^  or  on  several  fingers.  Their 
presence  int-orfen‘s  meebain(^ally  vviib  movement,  and  the  phalanx 
may  be  laka-ally  (k^viat-cd  ;  beyond  tlie  disligureuient  they  are  of 
little  im]>ortanee.  They  oe.cvur  (^hicdly  in  tlie  later  years  of  life.  Some 
writ<‘rs  regard  tlunii  as  a  mild  form  of  osteo-arthritis,  but  they  are 
without  the  elnirae.teristie  k^atures  of  that  disease. 

l^oose  liodies.  a-ro  of  va.riouH  kinds  and  soinn  of  them  have  already 

b('<m  d(\s(n‘il)od.  following  ina,y  Ix^  sununnrisod  a,s  the  main  types  :  (a) 

Multiplo  soft  bodices  known  a-s  ‘  ri<‘o  bodices'  or  ‘  <u)rpora  oryzoidea,'  which 
('.onsist  oitlus’  of  inaissos  of  fibrin  or  noc.rotic;  fra-gnionts  of  granulation  tissue* 
thoH(,^  ar<^  nud.  wilJi  ospcxsaJly  in  tulxaxnilous  aJUudions.  (6)  Separated  hyper- 
t/ropbi<5  villi  of  tbo  synoviul  nuanbra.n(S  whioh  are  ofbai  of  the  nature  of  fatty 
lobuloH  ;  thoy  occur  in  (‘hronic.  a^rtbrit/is  and  ostoo-a.rUiritis.  (c)  Multiple  hard 
bodies,  wiiic.h  an)  pori.iotis  of  cartilage  oft/on  c-onta,ining  ))oue  in  thoir  interior 
and  which  Ixx'.onuj  scparad.cxl  from.  (Jio  joint  inargius  or  form  in  the  synovial 
[Ving('s  tli<^  sO"C4ill<‘d  '  joitd-mico  ’  ;  Ifu'y  a,n'>  nnd.  witli,  <\sp(vda,lly  in  osteo- 
chondronuil'osis  a, ml  oHt<x)'jirihri(.is.  (d)  Pori. ions  of  normal,  struct, uros  S('![)a, rated 
tauunuitically  ;  a,  Iooh(^  H('mi"liinair  ca,rf.ilag'(’i  in  tlie  kmxvjoint  is  tlu^  <*()nnnonost 
oxa.m(>h%. 

Cliroilic  Rheuniatisni.  Fibrositis  and  Panniculitis.  The 
t(*rm  e.hronie  rludimatism  is  applied  in  a  gcmeral  way  to  conditions 
of  <‘hroui(‘,  nature  wluux^.  the  (diicd  symptoms  are  pain  and  stiffness 
eitlud'  of  tbe  joitiis  or  uuiseJ(‘s  iirticmlar  and  muscular  rheumatism. 

latku  condition  has  Ixdui  fully  dcserilxdl  by  Stockman  and  has 
b(‘(m  shown  to  be  diu^  to  th(‘.  o(dmrr(m<‘,e  of  ehronic  inflammatory  foci 
in  the  hhrous  tissius,  and  hemd^  the  term  Jibrosiiis  is  appropriate. 
From  an  exartunation  of  sexd/ions,  we  can  fully  confirm  his  observa¬ 
tions.  Such  inflammatory  foci  occur  not  only  in  the  fibrous  tissue 
of  muscles  but  also  in  th<^.  subeutaneous  tissue,  the  periosteum,  liga- 
numts,  sheaths  of  nerve^s,  (dn.  In  the  early  stages  the  condition  is 
one  of  an  acute  inflammatory  <edenm  with  swelling  of  the  connective 
tissue  fibres;  sornclinu^s  the  exudak^  is  sero-fibrinous  and  there 
may  be  somcj  central  luxu’osis.  Later,  there  is  proliferation  of  the 
(d)nnective  tissue  (xflls  and  formation  of  (H)llagenous  fibres,  so  that 
tlu^  andi  afle(d.ed  b(Hd.)mcs  (kmse  and  s(;l(U’oscxL  Small  arteries  in  the 
n(‘.w  tissues  show  tine, kerning  of  tlunr  walls  and  the  nerve  twigs  also 
may  be  involvtxl  in  tin^  newly  forrtKxl  tissue.  There  is,  however,  a 
rtuttarkable  absened^  of  emigration  of  polymorpho-nuclear  leucocytes, 
and  only  a  few  lym])h()(;yteH  arc  usually  present  in  the  foci.  No 
organisms  have  Ixicn  fuutul,  and  it  is  doubtful  whether  the  lesions 
are  duo  to  the  actual  ])rcHenco  of  organisms  or  simply  to  toxic 
action.  Such  lesions  may  ocjcur  in  nodules  or  in  strands,  or  be  of  a 
more  diiTuse  character.  Fibrositis,  whieJi  is  a  common  affection,  is 
])ro(luccd  by  a  variety  of  conditions,  and  Stockman  gives  the  following 
as  the  chief.  It  may  ocxuir  sexiondarily  to  acute  rheumatism  or  gonor- 
rhmal  inflection,  ami  it  is  not  um^ornmon  as  a  sequel  to  influenza.  It 
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is  common  in  cases  of  rheumatoid  arthritis  and  may  he  mdely  dis¬ 
tributed  ;  and  it  appears  to  be  related  to  chronic  bacterial  infections 
_ for  example,  those  of  the  throat  or  bladder — and  also  to  mucous 

colitis.  _  «  i.- 

The  term  ‘  pannicuhtis  ’  is  applied  to  a  similar  condition  affecting 
the  adipose  tissue,  the  fibrous  overgrowth  being  in  patches  or  more 
diffusely  arranged  in  the  fat.  The  peripheral  nerves  become  involved 
and  thus  tenderness  and  pain  are  prominent  features.  It  may  be 
associated  with  obesity,  the  condition  ^  adiposis  dolorosa  ’  (Bercum) 
being  an  extreme  example  ;  but  it  occurs  also  apart  from  obesity. 

Belapsina  febrile  nodular  ■pannkulitis  (Weber-Gliristian  syndrome).  In  this 
condition  successive  attacks  of  weakness  and  muscular  pains  are  followed  by 
bouts  of  fever  in  which  tender  nodules  appear  in  the  subcutaneous  and  other 
adipose  tissues.  These  consist  of  foci  of  subacute  inflammation  with  areas  oi 
secondary  fat  necrosis  and  graniiioniatous  reaction.  Barely  suppuration  may 
occur  and  ulceration  of  the  skin  then  follows,  but  micro-organisms  have  not  been 
found  in  the  lesions.  The  cause  is  unknown,  but  it  may  be  associated  with 
focal  streptococcal  lesions  elsewhere,  e.g.  in  the  tonsils. 


C.  VOLUNTARY  MUSCLES 

Striped  muscle  fibres  are  comparatively  stable  structures  and  are 
relatively  seldom  the  seat  oi  disease.  We  may  say  that  the  most 
important  lesions  include  the  three  foUowing  conditions  :  (a)  the 

spread  of  inflammatory  changes  from  the  interstitial  tissues, 
degenerations  secondary  to  lesions  of  the  nervous  system, 
the  primary  myopathies  and  other  congenital  conditions,  ine 
changes  in  the  muscles  of  neuropathic  origin  have  been  considered 
in  connection  with  diseases  of  the  nervous  system  and  need  not 
be  described  again. 

Atrophic  and  Hypertrophic  Changes.  The  various  types  of 
atrophy  are  well  exemplified  in  the  case  of  muscles— senile  atrophy, 
atrophy  from  disuse,  toxic  and  starvation  atrophy,  nemopathic 
atroW,  and  the  primary  muscular  atrophies  which  will  be  de¬ 
scribed  below.  In  many  of  these  cases  there  is  merely  a  diimrm- 
tion  in  the  size  of  the  muscle  fibres;  but  in  neurotrophic  atrophy 
and  sometimes  in  inactivity  atrophy,  for  example,  that  residtmg 
from  ioint  disease,  there  is  often  a  longitudinal  proliferation  of  the 
sarcolemma  cells  and  a  splitting  of  the  fibres.  These  changes  may 
then  be  foUowed  by  absorption  and  disappearance  of  the  sarcous 
substance.  The  sarcolemma  cells  are  sometimes  seen  to  have  a 
phagocytic  action  towards  damaged  muscle,  and  may  occ^onaUy 
form  plasmodial  masses  with  multiple  and  irregular  nuclei.  We 
have  found  a  striking  example  of  this  in  sprue,  where  the  w^mg  of 

the  muscles  is  very  extreme.  The  phagocytic  Mtion  of  the  sarco¬ 
lemma  cells  towards  damaged  muscle  corresponds  with  that  seen  m 
the  absorption  of  the  tadpole’s  tad,  as  described  by  MetchmkofE, 
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llyportniphy  of  huihc.Ic  (ihms  is  soon  as  the  result  of  hard  physical 
labour,  afliUdic  iraliiinf?,  etc.  ;  individual  fibres  become  enlarged 
owing  to  hicu-easc  of  tin;  sarcoplasm,  but  there  is  no  formation  of  new 
libres.  Tn  some,  of  tlu^  myopathies  abnormally  large  fibres  are  often 
met.  with  ;  tiny  an^  often  spoken  of  as  hypertrophied  and  may  re- 
preseni.  a  (u)mi)ensatory  i)roeess.  Not  infrequently  they  come  to 
hav<^  a  some,vvlia.t  homogeneous  ai)pearancc  and  present  evidences 
of  (icgojioraiion. 

I)eij(meralw)u^  iii  imisdhss  ar(^  not  (i()inin()n  aiid  are  of  relatively 
inipori-anee.  Z('nker\s  (legcin^raiion  (p.  595),  a  form  of  coagulative 
iKxa-osis,  is  nud;  with  ospc'dally  in  th(^  abdominal  muscles  in  typhoid 
fc vnr.  The  alT(H;t  ed  muscles  ma.y  sometimes  be  recognised  by  the  naked 
eye  from  their  pak^  hyaline  appearanc^e.  Tn  influenza  also  necrosis 
may  occur  in  the  abdominal  muscles  and  may  be  attended  by  a  con¬ 
siderable  amount  oT  luemorrhage.  A  somewhat  similar  lesion  has 
been  found  in  ilu'-  muscle  flhrcvs  in  cjises  of  tetanus.  When  in¬ 
volved  in  surrounding  inflammatory  change,  the  muscles  may  lose 
their  striation  and  become  somcwliat  granidar  in  appearance— a 
change  allied  to  cloudy  swelling.  A  similar  granularity  occurs  as  a 
preliminary  stage  to  falty  dc^generation,  which,  however,  is  not  often 
mot  with.  Idle  latter  is  seen  in  phospliorus  poisoning,  and  patches 
of  granular  and  fatty  muscle  (ihre^s  are  found  also  in  acute  peripheral 
neuritis  (p.  775). 

Massive  isclumnic*,  nc'crosis  of  muscles  is  scsai  in  c^alSe.s  of  'crush 
syndromes  ’  wiuM'c:  (H)in|)rcNssion,  of  a,  linih  luis  rchsidtcal  in  prolonged 
arisen, la-l  ohstrucdioii.  On  rdc'.asc^.  of  pre^ssure^.  an<l  rc^ -establishment  of 
tlu^  (Ireulatioti,  larger  portions  of  muscles  n\ay  fail  to  reciovcu’.  Prom 
thc\sc  necrotic*,  inusdc^s  thc^  myoluemoglohin  and  other  su])stanGes  are 
absorbed  and  excrd-cnl  so  that  thc‘  condition  of  lovv<u‘  nephron  neplirosis 
ivsnlts  (p.  822).  Tlu'.  affcclcnl  musdcLs  hc^c.ome  j)ale  and  soft- --so-called 
lish-llc'sh  appc‘aranc.<‘  and  if  the  individual  re(H>vers,  they  undergo 
ahsorpiion  and  (ihrosis.  Sj)ontaJUH>us  lUHirosis  of  muscle  may  occur 
altcu'  uuac!(uistomcMl  c^xca’dsc^  ;  thc'.  antcnlor  tibial  muscles  are  most 
fr('(|ueu(ly  involvcnl  a,nd  th(^  a.pp(^a.ra,nc(\s  sugge^st  that  the  lesion  is 
isdijcunicj  in  origin. 

(Umgmital  Torticollis,  This  Is  u  c.oiulit-ion  of  (ibrosis  and  con, traction  of  the 
storno-maHtoid  Tuiiwlf^  whi(‘h  dcwcdoifs  in  tlio  oarly  years  of  Ufo.  As  the  muscle 
does  not  elongate  in  aHHoc.iation  witli  the  general  growth  of  tho  body,  the  head 
is  drawn  to  thc^  atT<H‘.md  side  and  othc^r  rcwults  arc^  produfu)d.  It  has  long  been 
regard(Hl  oithc^r  as  a  dcwelopniental  cd)nonnality  or  as  tho  result  of  injmy  at 
birth  ;  tho  latter  vi(^w  has,  howfjvor,  now  been  established.  It  would  appear 
that  ilu^  essential  factor  is  venous  thromjfosis  or  rupture  of  voins,  which  leads 
to  intense^  vonouH  ongorgfuiuuit  and  haunorrhago  into  fico  mviaclo.  The  muscle 
boeonios  largely  ncMirotics  and  n^placod  by  young  connoctivo  tissue.  Th©  result 
is  a  '  storno-inastoid  tumour  ’  whidi  bcscjoums  oviflent  a  few  days  after  birth. 
Shrinking  of  tho  llbrous  tissue  and  failuro  in  growth,  of  tlio  muscle  then  gradually 
bring  about  the  defontiity. 

Volhmann'0  Contracture*  This  is  a  doforinity  whicli  develops  occasionally 
as  a  ."result  of  fractures^  in  th©  region  of  th©  elbow  or  as  a  result  .of  dislocation, 
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especially  in  young  subjects.  The  mode  of  production  is  regarded  as  of  the 
same  nature  as  in  the  case  of  torticollis-  After  the  injury  the  related  muscles 
show  hsemorrhage  into  their  substance  and  oedema,  and  these  are  due  to  injuries 
to  the  veins.  There  is  considerable  necrosis  of  the  muscle  and  this  is  followed 
by  overgrowth  of  fibrous  tissue  and  contraction. 

Inflammatory  Changes.  Striped  muscle  becomes  secondarily 
implicated  by  acute  and  chronic  inflammation  of  tbe  interstitial 
tissue,  and  this  is  often  the  result  of  extension  from  a  lesion  in  the 
vicinity.  The  changes  vary  according  to  the  nature  of  the  inflam¬ 
matory  change.  Thus  in  acute  inflammatioii,  cedenia  and  necrosis 
of  the  muscle  followed  by  absorption  are  prominent  features,  whilst 
in  chronic  inflammation  there  is  fibrosis  with  atrophy  and  disappear¬ 
ance  of  the  muscle  fibres.  An  important  acute  lesion  of  muscles  is 
seen  in  gas  gangrem  ;  this  has  already  been  considered  (p.  130)  in 
greater  detail.  In  tliis  condition  the  muscles  are  invaded  by  an^robic 
organisms,  the  commonest  being  the  B.  weldiu,  the  toxins  of  which 
diffuse  within  the  sarcolemma  and  lead  to  cedema  with  necrosis  of 
muscle  fibres  in  their  whole  length  ;  thus  necrosed  and  healthy  fibres 
may  be  seen  lying  side  by  side.  Later,  the  muscles  become  invaded  by 
putrefactive  organisms  and  gangrene  follows.  Suppuration  in  muscle 
is  usually  the  result  of  extension  from  other  suppurative  lesions, 
especially  of  joints  and  bones.  The  metastatic  type,  due  to  uffec- 
tion  by  the  blood  stream,  is  met  with  in  pyscmic  conditions,  especially 
those  due  to  the  Staphylococcus  -aureus  ;  but  its  occurrence  is  rela¬ 
tively  uncommon.  The  abscesses  are  usually  of  the  mihary  type, 
but  occasionally  suppurative  lesions  of  considerable  size  may  be  pro¬ 
duced.  It  may  be  mentioned  also  that  in  the  rare  occurrence  of 
acute  glanders  in  the  human  subject,  multiple  lesions  in  the  muscles 
are  sometimes  a  prominent  feature ;  they  are  of  the  nature  ^  of 
necrotic  and  partly  haemorrhagic  foci,  which  undergo  suppurative 

softening.  _  .  -  i  i  •  v 

Muscular  rheumatism,  which  is  really  an  interstitial  lesion,  nas 

been  described  above  (p.  930). 

Dermatomyositis  is  a  rare  disorder  characterised  by  a  diffuse  oedem^  of  the 
collageno.us  tissues  accompanied  by  infiammalion  and  ulceration  of  the  skin 
and  sometimes  by  multiple  foci  of  fibrinoid  degeneration  of  arteriolar  wails, 
resembling  those  found, in  lupus  erjdhematosus  .disseminatus,  polyarteritis  and 
other  diseases  believed  to  be  of  allergic,  origin.  Focal  inflaminato^-  lesions  occur 
also  in  the  muscles  ;  the  affected  fibres  become. swollen,  hyalinised  and  lose,  them 
striation,  the  sarcolemmal  cells  proliferate  and  give  rise  to  rows  of  nuclei  m  inuscle 
fibres  undergoing  atrophy.  The  condition  affects  the  heart  muscle,  though  less 
severely,  and  also  the  tongue,  and  muscles  of  respiration.  Fever  and  pronounced 
wastino-  are  features  of  the  disease;  the  prognosis  is  poor.  In  a  ease  recently 
studied  all  the  usual  lesions  were  present  except  the  fibrinoid  arteriolar  necrosis. 
The  cause  of  the  disease  is  unknown,  but  it  appears  to  belong  to  the  group  ot 
‘diffuse  collagen  diseases  '  of  Klemperer. 

Myositis  Ossificans  Progressiva.  In  this  affection  there 
occurs  a  progressive  ossification  of  various  muscles  in  the  body,  and 
in  some  cases  almost  the  whole  skeleton  has  been  immobilised  by 


the  newly  fornied  hone.  M’lu^  aHecd/ion  starts  in  early  life,  usually 
in  infancy,  and  the.  niiist^les  lirst  adect.ed  are  those  of  the  neck,  back 
and  shoulders  ;  the  disease  tluui  extcsuls  to  other  muscles,  thecp  J 


muscles,  those  of 

mastication  being  not  infreiiuently  involved.  The  first  indication 


of  t.he  (lisi^aso  is  th(‘  formation  of  doughy  and  sometimes  painful  swell¬ 
ings  in  llu^  muscles.  'The  swellings  then  gradually  subside,  but, 


mgs  in  |.lK^  muscles.  'I'lie  swellings  then  gradually  subside,  but  areas 
)f  lihrosis  are  livft  and  in  these  ossification  takes  place  ;  in  this  way 


strands  and  plates  of  hone  of  an  irregular  form  are  produced  in  the 

muscles.  'J’he.  disease  advances  liy  a  scries  of  attacks  rather  than  by 

s(.eady  progression,  and  the  exaenrhatioiis  are  sometimes  accompanied 

hy  fever.  'I’lie  eondition  is  a  rare,  one  and  notliing  is  known  of  its  real 

etiology.  It  is  a  striking  fact, 

. 

V  -  ‘fj 


that  in  more  than 
sases  microdactyly 


iiowever. 
lialf  tlic 

lias  been  present,  and  some¬ 
times  tliere  liave  been  other 
congenital  abnormalities.  It 
is  til  us  likely  that  i  n  myositis 
ossificans  there  is  a  congenital 
tendency  or  disposition  to  bone 
formation.  It  affects  specially 
tlie  male  sex.  There  is  no 
ev'iclenco  that  the  disease  is 
liered/itary. 

Apart  from  the  general 
form  of  ossifying  myositis  just 
described,  local  ossification  in 
muscles  is  not  rarely  met  with, 
nsnally  produced  by  irritation 
or  by  slight  contusion  often 
repeated.  A  welhknown  ex¬ 
ample  of  this  is  the  develop¬ 
ment  of  bone  in  the  adductor 
mus(;l(vs  of  the  thighs  in  riders.  A  corrc.sponding  condition  is  met  with 
in  the  deltoid  of  soldiers,  prodinsed  by  tlie  re(^()il  of  the  rifle  in  firing.  It 
may  bo  uoUmI  in  this  coniKHdiou  that  injury  to  the  periosteum  and 
surfacu^  of  a  bone,  (^speciially  if  attended  by  haemorrhage,  may  be 
followed  by  a  considerable  amount  of  bone  formation  (Fig.  569) ; 
sometimes,  in  fact,  the  result  may  simulate  a  new  growth  in  its  general 
characters. 


h’K'i.  5(5 
a  (uiilrilViiiij; 
X  40.. 


Boiu^  rorrmbt-iiin  in  i4u'i  wall  of 
liuytriaiama  in  ll).e  :rmiH(4u. 


Trichiniasis  or  Trichinosis.  This  affection  is  produced  in  the 
human  subject  usually  by  the  Ingestion  of  imperfectly  cooked  pork 
containing  the  embryos  of  TricJii/riella  or  Trichina  spiralis.  It  is 
rare  in  this  country,  but  is  not  uncommon  oir  the  Continent,  where  it 
is  met  with  sometimes  in  (epidemic  form.  The  acute  symptoms  of  the 
disease,  to  be  described  below,  are  duo  to  the  passage  of  the  embryos 
to  the  muscles  from  the  intestine,  within  which  they  are  discharged 
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from  the  mature  females.  The  following  are  the  chief  facts  with  regard 
to  the  parasite  and  its  life  history  : 

TricUnella  or  Trichina  Spiralis.  When  a  muscle  infested  by  this  orgamsm, 
e.g.  a  portion  of  trichinous  porky  is  examined,  whitish  oval  specks  may  be  seen 
with  the  naked  eye.  On  microscopic  examination,  it  is  found  that  these 
represent  small  oval  cysts  or  capsules  within  which  the  embryonic  trichinella 
lie  coiled  up,  usually  one,  though  occasionally  more  than  one,  in  each  cyst. 
The  cyst  wall  is  a  somewhat  homogeneous  membrane,  and  at  the  poles  there 
are  often  small  globules  of  fat.  A  number  of  the  cysts  may  be^  the  seat  of 
calcification,  and  when  the  parasites  die,  they  also  become  calcified.  WTien 
such  muscle  is  eaten  by  another  animal,  the  cyst  walls  become  dissoKed  b\^ 
the  gastric  juice  and  the  embryos  are  set  free.  In  the  ^  bowel  they  reach  full 
sexual  maturity,  the  males  measuring  about  1  -5  mm.  in^  length,  the  females 
3—4  mm.  After  copulation  the  males  die,  whereas  the  impregnated  females 
bore  their  way  into  the  waU  of  the  small  intestine.  _The  parasite  is  viviparous 
and  the  young  trichineUas  escape  into  the  surrounding  tissues,  and  especially 
into  the  Ijrmphatic  vessels;  when  newly  bom,  they  measure  about  90 /i  in 
length,  their  thickness  being  rather  less  than  the  diameter  of  a  red  blood  corpuscle. 
They  then  travel  along  the  l^nnphatics  to  the  thoracic  duct  and  thus  reach  the 
circulating  blood,  by  which  they  are  distributed  to  various  parts  of  the  body . 
Settling  especially  in  the  capillaries  of  muscles,  they  then  emigrate  into  the 
substance  of  the  muscles.  They  have  been  found  in  numbers  in  the  pentoneal 
cavity  and  other  serous  sacs,  and  from  these  also  make  them  way  directly 
into  the  muscles.  A  triehiaella  embryo ■  pierces  the  sarcolemma  of  a  muscle 
fibre  and  passes  along  it;  it  then  becomes  arrested,  usually  towards  the.  ex- 
tremitv,  and  the  sarcous  substance  in  its  vicinity  is  seen  to  become  homogen¬ 
eous  and  then  to  disintegrate.  The  parasite  becomes  coiled  up  and  develops 
a  capsule  around  it,  as  already  described  ;  the  rudiments  of  alimentary  ^d 
reproductive  systems  appear,  but  no  further  development  takes  place.  The 
parasites  are  most  numerous  in  the  muscles  of  the  abdominal  and  thoracic 
walls,  the  diapliragm,  muscles  of  the  phar^mx^  and  tongue,  and  oculo-motor 
muscles.  Amongst  the  lower  animals  tiicliiniasis  is  commonest  m  the  pig  and 
rat,  but  it  has  been  found  by  experiment  that  a  large  number  of  other  animafe 
are  susceptible.  The  stages  of  development  have  been  fuMy  worked  out  and  it 
may  be  said  that  impregnation  of  the  female  occurs  withm  two  days  after  the 
parasites  have  been  swallowed,  the  young  embryos  are  fully  developed  m  about 
a  week,  and  begin  to  reach  the  muscles  about  the  mnth  day,  beco^g  fully 
encysted  about  a  week  later.  Fresh  embryos,  however,  are  produced  and 
continue  to  pass  to  the  muscles  until  the  females  have  completely  discharged 
their  young,  this  process  occupying  a  period  of  5-7  weeks. 


The  SYMPTOMS  which  occur  during  the  passage  of  the  young  para¬ 
sites  from  the  intestine  to  the  muscle  vary  much  in  intensity  accordmg 
to  the  number  of  the  parasites  ;  sometimes  they  are  slight, 
they  are  of  a  severe  nature  and  occasionally  are  fatal.  When  the 
infestation  is  a  comparatively  heavy  one  there  are  usually  signs  o 
intestinal  irritation,  diarrhoea,  colicky  pains,  etc.,  and  these  are  followed 
in  a  few  days  hy  tenderness  and  pains  in  the  muscles, ^  especially  on 
movement ;  the  muscles  may  become  swollen  and  firmer  in  consistence. 
Movements  of  the  ocular  muscles,  respiration,  mastication,  phonation 
etc  are  attended  with  pain  and  difficulty.  (Edema,  especially  of 
the’evelids  and  face,  is  not  uncommon  at  an  early  period ;  it  may 
pass  and  reappear  at  a  later  period.  There  are  also  symptoms  of 
marked  toxaemia,  including  pjorexia,  and  the  disease  may  resemble 
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U'|>h(M<l  i'i^viT  ill  its  (VjU,un‘w  niul  (joiirse.  Deatli  is  iisiiallv 

<hH‘  t,<)  vxivmivi^  invo\vrmiH\i  oL'  l\u^.  niusck^s  of  to  which 

in(ia.itirria,t()ry  (a)iulitioiis  of  thc^  !)roii(^lii  aiul  lunirs  a, re  ofiea  super- 
acldod.  During  the  Hvioptonm  of  tlu>  i)if(M^Don,  marked  eosinophilia 
is  j)r(\s(‘nt  in  i  \n^  blood,  l)ut  this  grjulually  disa.pjxairs  vvlien  the  parLites 
arc^  eom{)l(d.(^!y  (^nc.ystKMi  in  tlu^  rmisel(>s. 

Myopathy.  Undcw  this  term  there  is  mcluded  a  group  of  obscure 
aJTcxdions  of  inuschvs  Avlncdi,  so  far  as  is  known,  are  not  due  to 
l('sions  in  tlu^  motor  neurons.  The  terms  muscular  dystrophy  and 
idiopathic  wuscnlar  atrophy  are-  used  in  the  same  sense.'  Such  affec¬ 
tions  usually  apjx^ar  in  tln^  t^arly  years  of  life  and  are  apparently  due 
U)  sonu^  e.ong(‘nit,a.l  doi'oct  in  th(‘  niuseles.  They  rnay  occur  amoiwst 
s(W(U’a.l  nunulxu's  of  lb(‘  sa,nu‘  fajnily  a,nd  apixair  in  succ.(\ssivc  f^-enera- 
tions  ;  that,  is,  th(\v  luun^  fanuliaJ  and  luMXxlitnry  c. ha, ranters,  although 
variations  in  t,h(‘S(‘  rvsjxxits  a,r(‘  nud,  with  aniongst,  tlx^  different  types 
of  myopathy  wiiioh  luiv(‘  Ixxai  disthignisluxl.  'fh(‘  allne.ted  muscles 
show  gradual  wasting  with  loss  of  jx)w<M',  and  th(a'(‘.  is  also  weakness 
of  tlu'  n\sjH)ns(^  to  th(‘  gaJvanie  and  faradie.  (mrrents,  hut  without  any 
reaction  of  (h^gXMua'a.tion.  In  most  (tases  t.h(‘.  muscular  atrophy  is 
indicatnd  hy  d(‘er(‘a,S(‘.  of  tJx'  si/x‘  of  t,h(‘.  nuis(h\s,  l)ut  in  one  group  it 
is  a(;conipani(‘d  by  lipomahosis  or  a,(xaimiila,tion  of  fa,t  in  the  (xmnective 
tissu<\  so  that-  th(‘  si/x‘  of  tfn^  a.ll,eet.(xl  nuiseh^  Ixxionu's  increased.  To 
t-lH‘  la-t-t-m-  typ(‘  t.h<‘  trrm  pxcmlo-hypvrtrophic  paralydx  ha,s  h(X'n  applied. 

Scnu'ral  typiss  of  myopa-t-hy  without  li[K)matosis  have  been  de- 
s(U'il)(xl  according  t.()  distri  hut-ion  of  the  lesions,  hut  there  appears  to 
P(,  essemt  ial  difTtvrc-ncte  in  t-lie  rnorliid  cliange  motwitli  in  the  several 
varictu^s.  In  some  cas(‘s,  for  examjile,  the  muscdcs  of  the  shoulder 
girdle  arc^  (‘sptxna-lly  a-thxdnd,  and  in  one  type  theix^,  is  also  an  associated 
alhxition  of  tlui  musidcs  in  iiie  facie  ;  in  othcir  cascis  there  is  a  general 
wasting  of  muscles  with  loss  of  power  t-hroughout  the  body  ;  or  again, 
the  muscilc^s  of  tlui  (n\tr(muti(\s  may  spcxiially  he  tlie  seat  of  the  lesion. 
Pseud(>-hyp(irtro])hie  paralysis  usually  appears  in  cdiildhood,  though 
soincitinuis  later  ;  it  has  a  markcidly  familial  character  and  usually 
alTcicits  boys,  tho\igh  it,  is  interesting  to  note  that  transmission  to 
Hubsexpumt  gciucrations  through  fciinahis  has  sometimes  been  observed. 
In  this  eondition  some  muschis  beciomc  enlarged,  especially  the  calf 
musedes,  the  glutcii  and  some  of  the  inuselcs  of  the  shoulder  girdle ; 
whilst  othcirs  undergo  tlie  ordinary  atropine  changes.  The  enlarge- 
nuiut  of  the  calves  is  oft-en  a  prominent  feature,  aiid  the  muscular 
weakness  is  in  contrast  to  the  appar(int  Tnuscular  development. 

In  all  these  typcis  of  myopathy  the  histological  changes  in  the 
muscles  appcxir  t.o  be  of  hhe^  same  nature.  When,  a  section  of 
affected  muscle  is  examined  some  fibrils  arc  found  to  be  larger  than 
the  normal,  whilst  most  show  various  degrees  of  atrophy  up  to  com¬ 
plete  disappearance.  The  cnlargixl  musede  fibres  may  show  simply  the 
appearances  of  jiypevrtropliy  a-nd  may  bo  wedl  striated,  but  they  may 
show  sigtis  of  degencratiou,  tludr  transverse  striation  being  lost  and 
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tlieir  aspect  being  homogeiieons,,  graiiiiiar,  or  Yaciioiatecl  In  some 
of  the  larger 'fibres  there  may  be  proliferation  of  the  sarcoieiiiiiia  cells, 
so  that  rows  of  nuclei  are  formed ;  and  this  may  be  followed  b}’  splitting 
up  of  a  fibre  into  several  smaU  fibres.  In  an  atrophic  area  the  number 
of  minute  fibres  is  often  very  great,  and  we  consider  that  there  is  no 
doubt  that  many  are  formed  by  the  process  described,  whilst  otters 
are  merely  atrophied  fibres.  The  minute  fibres  may  be  weE  striated 
or  thev  may  have  a  homogeneous  appearance.  In  the  pseudo-hyper- 
trophic  t'V'pe  there  is,  as  we  have  said,  an  accumulation  of  adipose 
tissue  between  the  affected  fibres,  and  there  is  also  a  certam  amount 

of  thickening  of  the  fibrous 
tissue  (Fig.  570).  Thickening 
of  the  walls  of  arteries  is  some¬ 
times  present  as  an  associated 
condition,  but  there  is  no 
evidence  that  it  is  the  cause  of 
the  atrophic  change.  The 
muscle  spindles  have  usually 
been  found  normal  even  in  the 
atrophic  areas.  Changes  have 
been  described  in  the  end- 
plates  and  the  terminations  of 
the  nerve  fibres  by  some 
observers,  but  the  view  gen¬ 
erally  held  is  that  myopathy 
represents  a  primary  affection 
of  the  muscles. 

Peronml  Atrophy  [Charcot-Marie- 
Tooth ).  This  affection  has  a  relation 

to  themyopatHes  so  far  as  the  conditions  of  its  occurrence  are  concerned  ;  it  is 
of  hereditary  character,  usually  developing  in  the  first  decade  of  life,  and  boys 
are  afieoted  much  more  frequently  than  girls.  Its  pathology,  however,  is 
difierent,  as  the  atrophic  changes  in  the  muscles  are  secondary  to  degenera¬ 
tion  of  the  lower  motor  neurons.  The  atrophy,  which  is  usually  sy^etn^. 
appears  first  in  the  peroneal  muscles,  the  foot  becoming  dropped  and  mvert^, 
and  then  spreads  to  the  muscles  of  the  calves.  In  addition  to  atro^y  of  the 
corresponding  motor  neurons  in  the  cord,  degenerative  changes  have  been 
found  in  the  posterior  columns,  in  the  thoracic  nucleus,  and  sometimes  also  m 
the  pyramidal  fibres. 

Myotonia  Congenita,  or  Thomsen’s  Disease.  This  is  a  rare  afi^tion  in 
which  peculiarities  in  the  muscular  contractions  are  associated  ^th  the  struotmal 
changes  in  the  muscle  fibres.  As  in  some  myopathies,  a  (tetmct  hereditary 
faetol  can  usuaUy  be  traced,  and  several  members  of  a 

afiected  ■  it  is  commoner  in  the  male  than  m  the  female  sex.  When  a  voluntary 
movement  is  performed  by  a  patient  suffering  from  the  disease,  the 
contractions  take  place  more  slowly  and  last  longer  than  m  a  nor^l  ’ 

the  movements  of  the  body  are  thus  altered  in  character.  A  similar  prolongation 
of  the  stage  of  contraction  is  observed  in  response  to  meohani^l  or  electn^l 
stimulation,  and  usually  the  commencement  of  the  contmcti^  thei^^bres 
Microscopic  examination  of  the  voluntary  muscles  has  shown  that  them  fibres 
are  ded  in  sme,  striation  is  often  poorly  marked,  and  there  may  some 
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Fig.  570. — Section  of  muscle  m  pseudo - 
hypertrophic  paralysis,  showing  infil¬ 
tration  of  fat  cells  between  muscle 
fibres.  X  60. 
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iiM-i’oas«  of  ilie  HarooU'inma.  uorloi.  No  i^hniigc^  of  iiiiporl.juuio  has  been  found 
in  4.1i(>  norvous  Hysitnii.  I’ho  tlis(^jiso  is  lo  In^  rogarckMl  as  the  result  of  some 
(‘.oiig(nn(n.l  (k^hn't  in  niuscUvs,  ihongh  the  syniploins  may  not  develop  for  a 
c.onsidcu'abki  number  of  years  after  birl.h.  Nothing  ckdinito,  however,  is  known 
with  r('ganl  (o  il.s  true  ethology.  Somotitnes  myotony  is  associated  with  atrophy 
of  parts  of  th<^  luustdtw,  the  condition  being  then  known  as  myotonia  atrophica. 

Myasthenia  Gravis.  This  rare  but  very  interesting  affection  is  char- 
a,(‘(.oris('(h  as  the  name  indicattis,  by  marked  muscular  weakness,  which  in  certain 
imis<d<vs  may  amount  to  av.tual  paralysis.  This  impairment  of  muscular  power 
(Ka-urs  generally,  but  is  espe<nally  marked  in  tlie  muscles  of  the  face.  Muscular 
(anitrar.tion  is  found  to  bo  weak  aixd  of  short  duration  when  the  muscles  are 
s(imuIat(Ml  by  t.he  ga.lvaun<‘  or  (a-radic.  cunaait.  This  is  thought  t.o  bo  due  to 
rahun^  ol*  acotyl-clioline  to  aativa,ii('  (.ho  myomniraJ  juuciiion,  p(aiuii)s  owing  to 
<^xc(^SHiv(dy  rapid  (h^Hi.rucl.ioji  l>y  cbolitieslaa'aiSia  Accordingly  (he  us(M)r  prostig- 
mine  a.nd  other  drugs  winch  inhibit  (dioliiKwtca'use  is  l)(audi(aa.l.  The  a,(Toction 
occui’s  itj  (airly  adult  life  and  is  mot  wit  h  in,  tlie  two  s('X(\s  <'((ua,lly  ;  (dienx  is  no 
(n‘i(k'nc<'  ol'  il.s  Ixang  lieredit.aiy.  With.  iega;rd  to  th<^  mav'ous  sysliCMn,  no  change 
of  imp<)r(jinc<s  in  nda.tion  to  (.he  pa,(.hok)gy  of  tlux  dis(^a,s(^  has  hc(ai  discuxvered. 
On  (ilic!  otlaa*  laind,  in  the  nuisclas  dist  inct,  h^sions  lui.vc^  Ixnai  ohservc'id,  though 
th(\y  an'  not  spi'cia.l  to  ih('  nmsch's  hut  form  pa.i't  of  a.  gcaicra.I  condition.  In  the 
iuterstitiaf  tissue  of  the  muscles,  especially  round  the  blood  vessels,  areas  of 
inlUt.rations  of  snxall  colls  arc  mot  with,  these  l)oing  eliieily  lymphocytes  and 
plasma  cells  ;  siadi  iuhltrations  are  ofUui  s[)oken  of  as  ‘  lyinphorrhages.’  The 
nuiHcle  fibres  in  tbc'i  vicinity  usually  apjxMir  luailthy,  though  some  of  them  may 
show  signs  of  swelling  and  ([('generation  ;  (xuaisionally  tluy  are  invaded  by  the 
snudl  c(dls.  True  inuHcnlar  a-t.rophy,  how('V('r,  is  rare.  Similar  infdtrations  have 
Ix'cn  found  in  in(.('rna.l  orga.ns,  for  ('xa,mple,  the  livt'r  a,ixl  suprarcnals.  Hyper¬ 
plasia.,  and  Honx'tinu'H  a,ctiia.l  tumour,  of  (he  thymus  Imvo  bixui  pnvsont  in  some 
cas('s,  axid  cong('H(.ive  enlarg(xn('i\t  of  tlux  para.l.liyroids  has  l>oon  described.  In 
HouHi  instanccis  the  inya-sl lu'nia.  ha,s  Ix'en  a,SHO(‘/ia,t(xl  with  exophthalmic  goitre. 
'Plu'  luit.ure  of  tlu'  (liH('a,Ht'  is  st.ill  obscure,  but  t.h<'  facts  indic.ato  that  it  may  be 
(luci  lo  some  (liHturl)a.nct^  of  the  (Uidocrim'  glands.  And  the  fact  that  the  con¬ 
dition  has  Ixx'u  n'peai.ixlly  found  to  improve  during  pn'gnancy  is  suggestive 
in  t.his  comn'clion.  Surgical  reinovxl  ol*  ilu'  thymus  grea,t.ly  iitiproves  many 
ca,H<'S,  ('V('n  wlx'U  a.  tinnour  of  t.lu'  organ  is  a.bs('idi  (Kc'yjU's)  a.nd  tlu'i’C  may  be 
no  d,(‘nj(>nstra.ble  I('Hion, 


CHAPTER  XVIII 

REPRODUCTIVE  SYSTEM 

mLE  GENERATIVE  SYSTEM 

The  diseases  of  the  male  genital  tract  comprise  chiefly  inflam¬ 
mations  due  to  infections,,  tumours,,  and  various  congenital  abnor¬ 
malities,  and,  though  of  less  frequent  occurrence,  correspond  in  a 
general  way  with  those  of  the  female  tract.  Another  important  sub¬ 
ject  is  the  relation  of  the  genital  system  to  endocrine  secretion.  The 
normal  development  of  the  various  parts  depends,  of  course,  upon 
a  healthy  state  of  the  testicles,  or  rather  on  the  production  in  sufficient 
amount  of  the  male  sex  hormone,  testosterone,  which  is  formed  by  the 
interstitial  cells  of  Leydig  ;  this  hormone  is  allied  structurally  to 
the  oestrogens.  Further,  the  formation  of  the  hormone  in  its  turn 
is  now  known  to  be  influenced  by  other  endocrine  glands,  especially 
the  pituitary-  This  subject,  however,  will  be  treated  in  a  later  chapter . 


INFLAMMATOBY  CONDITIONS 

Acute  inflammations  of  the  male  genital  tract  are  due  to  two 
main  causes,  namely :  (a)  gonorrhoea,  and  {h)  septic  infections, 
usually  secondary  to  cystitis.  Metastatic  infection  by  the  blood 
stream  also  may  occur,  but  it  is  less  eommon. 

Gonorrhoeal  Infection.  In  gonorrhoea  there  is  an  acute  catarrhal 
inflammation  which  ascends  from  the  meatus  of  the  urethra  and  is 
attended  by  inflammatory  swelling  of  the  sub-epithelial  tissues. 
The  discharge  is  at  first  thick  and  glairy,  but  soon  becomes  purulent, 
and  in  it  gonococci,  mainly  intracellular  in  position,  axe  usuaHy 
to  be  found  in  considerable  numbers-  If  untreated  the  disease,  after 
rmxning  a  course  of  several  weeks,  often  subsides  and  a  return  to  normal 
occurs,  but  not  infrequently  it  passes  into  a  chronic  condition  or 
‘  gleet!’  Infection  may  spread  to  other  parts  from  the  urethra.  This 
often  occurs  in  the  prostate,  for  example,  and  may  be  attended  by  a 
varying  amount  of  acute  inflammatory  swelling,  wMlst  in  the  clmonic 
stage  gonococci  often  persist  in  the  tubules  of  the  gland  and  maintain 
the"^  infection.  The  organisms  may  also  ascend  by  the  vas  deferens 
to  the  testicle  and  set  up  acute  inflammation,  which  first  affects 
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t  lH'.  (‘pididynus  gonorrhaud  (yididi/ Tlie  inflammation  is  usually 
rostricdnd  to  tlu^  (^.|H(Ii(lymis,  bui,  in  severer  forms  tlicre  may  be  some 
cxt^mision  to  the  !)o(ly  of  ilu^  i.e^stiede  ;  it  is  usually  of  an  acute  char- 
aet(u*,  and  l(‘ads  tn  loea,!  siij)})ura,tion  in  tlie  epididymis  At  a  later 
sta,^r(%  wiuai  e.ondiifon  subsid(\s,  fibrosis  with  obliteration  of  the 
tid)ules  is  a  (iommon  rc^snlis  and  tivns  ol)struction  to  t,lie  passage  of 
the  spca'in  is  produe(ML  Ocu'jisionaf ly  both  (K‘stie.I(^s  ajx^  involved^and 
ex>irii)]ete  aspermia,  and  s(x'rilit,y  ma,y  b(‘.  brought,  aJ)()ut ;  the  changes 
whi(*,h  follow  (xistrafiou,  howanaa*,  do  noi,  l,ai<('.  placxv,  a,s  the  internal 
s{‘.eretiou  of  tiu^  glands  is  still  suppli(Hl.  ]nte(d,ion  of  tlie  bladder  by 
gono(H)(a‘i  with  nxsulting  (\ystitis  (xu^a-sionally  oeeurs.  Two  other  forms 
of  stM'ious  (a)mf)li(aith)U  ai*e  jiiet  with,  in  hitm.-  stages.  On  the  one 
hand,  tluax'.  ma,y  Ix^  ule, (‘ration  of  tlu‘  uretlnxi,  (‘specially  in  ite  posterior 
part,  and  st,rie.t,ur(‘  oft(‘n  follows.  d1us  in  its  turn  leads  to  dilatation 
and  hyp(‘rt'roj)hy  of  th(^  bladth'i: ;  sixuindary  infeetum  by  other 
.  organisms  and  s(‘pti(^  (‘ystitis,  etx*..,  are  (‘.omniou  results.  On  the  other 
:  hand,  tlu^  organisms  may  b(‘  distxtbuted,  by  means  of  the  blood  stream 
and  giv('.  rise  t-o  inlhunmations  in  otiier  parts  of  the  body.  The  com- 
moiu'st  of  tiH\s(^  a.r(‘  in  (x)nn.(‘(‘.t,i()u  with  the  joints,  slioaths  of  tendons, 
(d(a  (p.  024),  blit  (xuxisiomilly  other  eouditions,  snidi  as  pleurisy, 
endoiuirditis  and  (waai  s(‘j)ti(uemia  (as  shown  by  blood  culture),  are  met 
with.  (himxHX'.e.ai  inf(‘(ti()us  ntv  usually  highly  sus(;eptiblo  to  treat¬ 
ment  with  [)(‘ui(‘.illin  or  th(‘  sulpbona,mi(l(^  drugs  and  all  these  complica¬ 
tions  Iuiv(^  lx‘(x)nu‘  in  (x)ns(‘(pi(nux‘  nuudi  less  fnxjucuit. 

Orchitis.  In  addition  to  gonocoeni,  the  ti(‘.sti(^le  may  be  infected 
by  other  organisms,  usually  of  the  eoli  group,  in,  eas(\s  of  c^ystitis.  Here 
also  the  infeidion  apjxMirs  to  Ix^  a, n  as(‘, ending  one  by  the  vas  deferens, 
and  tlu'j  epididymis  is  first,  involvixl,  though  there  may  be  (Extension 
to  the  substance  of  the  testie4(^.  T1k‘,  inflammation  may  be  attended 
by  suppuration,  and  at  a  Iat(u*  dat('!  by  fibrosis  and  obliteration  of 
the  tubuLs,  just  as  in  gonorrhmal  cases. 

OE  infections  by  tin’s  blood  stn^am,  tiu^  commonest  is  that  which 
(X!(;ur:s  in  imimjis,  this  e-oniplie.afion  b(Mng  (‘-omparativoly  common  in 
adults  i)ut  ran^  in  (hildix’U.  Tln^  lesion  is  a  diffuse  inflammation  of 
.  tlui  testis  its(‘If,  and  n(^v(u;  lx‘com,(‘s  snjipurative.  It  may  give  rise, 
I  hoW(‘.v(n‘,  to  a,  (uxdain  amount  of  fibrosis  \\jtli  atrophy  of  the  substance 
I  of  the  t(%stis.  Mcdastafhi  inflammation  may  (xnur^^ 
c.g.  ni  smallpox  and  in  various  s(‘pti(!  (umditions,  the  organisms  in 
th(i  latt(‘r  Ixdng  staphyl()(X)c.(u,  stn^piocxxxu,  pmximocxieci,  etc.  The 
Lsion  may  b(‘  HU[)purativ<^  or  non-supj)ura,tiv(\ 

Chronic  Orchitis.  This  may  be  the  result  of  the  acute  conditions 
already  described^  or  it  may  be  of  chronic  nature  throughout— 
primary  fibrosis  ■  of  the  testicle,  which  may  be  localised  or  diffused. 
Such  -a  lesion  may  be  associated  with  gumma,  and,  as  in  other  organs, 
fibrosis  apart  from  gumma  may  be  of  syphilitic  nature.  In  many 
instances  .th4  etiology  of  interstitial  fibrosis  is  obscure. 

Prostatitis.  Acute  inflammation  of  the  prostate  is  usually 
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produced  by  extension  of  organisms  from  the  urethra,  as  has  been 
described  in  the  case  of  the  epididymis,  and  the  two  commonest 
conditions  in  which  this  occurs  are  again  gonorrhoea  and  septic 
cystitis.  The  gonococcus  produces  an  acute  catarrhal  inflammation 
in  the  prostate  with  swelling  of  the  surrounding  tissue,  and  is  attended 
by  increased  secretion.  Gonorrhoeal  prostatitis  not  infrequently 
passes  into  a  chronic  condition  and,  as  already  stated,  the  organisms 
may  X3ersist  for  a  long  time  in  the  tubules.  In  eases  of  septic  cystitis 
acute  inflammation  of  the  prostate  is  often  followed  by  suppuration, 
which  may  he  in  multiple  foci ;  or  a  large  abscess  may  form  and  the 
prostate  may  be  in  great  part  destroyed.  Similar  inflammatory  and 
suppurative  conditions  are  met  with  also  in  the  vesieulse  semmales 
in  the  conditions  mentioned. 

Chronic  interstitial  prostatitis  or  prost-atic  fibrosis  is  a  condition  in 
which  there  is  a  diffuse  growth  of  connective  tissue  throughout  the 
gland,  leading  to  diminution  in  size.  It  may  lead  to  obstruetivef 
effects  like  a  hypertrophied  prostate.  Its  etiolog}^  is  unknown  but 
probably  it  is  the  result  of  a  mild  infection. 


SPECIFIC  INFLAMMATIONS 

Tuberculosi^  Tuberculosis  of  the  male  genital  tract  is  ,  com- 
paratively  common,  and  is  usually  of  hsematogenous  origin,  being 
secondary  to  a  tuberculous  . 

lesion  in  some  other  part 
of  the  bod}^ ;  in  some  in¬ 
stances  it  results  from  the 
spread  of  bacilli  along  the 
vas  deferens  from  the  hase 
of  the  bladder.  In  nearly 
all  cases  the  epididymis  is 
first  affected.  Tubercles 
form  in  some  part  and 
undergo  caseation,  and  ulti¬ 
mately  the  tissue  of  the 
'  epididymis  may  he  entirely 
destroyed.  The  epididjmiis 
becomes  enlarged  and  dense, 
and  forms  a  sausage-shaped 
structure  attached  to  the 
testis  (Fig.  571).  On  section, 
large  caseous  areas  are  seen 
and,  not  mj&equently,  parts 

have  undergone  softening.  ^  ^  ■  .  i. 

At  a  later  period  there  may  be  extension  to  the  tunica  vagmalis, 
which  may  become  obliterated  by  fibrous  adhesions,  or  may  be  the 


. '  "  A  B 

Fig.  571- — ^Tuberciilosis  of  both  t^tes :  in 
,  A,  the  irregularly  swollen  epidid3rmis  is.  seen 
above  the  testis;  in  b,  caseation  in  the 
other  epididymis  is  shown  on  section.  X  §• 
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seal,  of  t.ijl)(‘rO('s  or  oi;  oasoouH  iiiliiviiuna.tioii  ;  tlu^  (lis(‘a.s(^  then 
soiiul  inu's  (wtcaids  into  t  lu^  siibstarKu:  of  tlu^  t(\stis.  In  unti‘(^ated,  cases 
may  h(‘  involv(‘m(mt  of  th(^  skin,  and  ukaa'ation  with,  forruation 
of  a,  sinus  may  follow.  Ilui  vas  (hdoixais  usiially  b(HH)in,(‘s  a.ffccted- 
on  S(alloi!  tlK‘  ImiHMi  ma.y  Ih^  soon  to  conta.in  oas(a>iis  pus  or  may  be 
oblit(a*a.t(Hl  a.t  i)a,rt.s.  T\m^.  discaist^,  uH.imaldy  reaches  the  vesi'culse 
S(^minaJ('s,  and  may  invoIv(‘.  also  tlic  prosta.in  and  tla^  base  of  the 
l)la.dd(‘r.  As  alnawly  m.(m(h)i\('d,  it  oc(uisiona.Ily  spr(^a.ds  in.  the  reverse 
direO.ion,  Iv.  U|)wards  Iroin  tlu^  bhuhha*  in  i,li(‘  (^[)ididymis  in  cases  of 
nrinary  tidxa'culosis.  Ihnnary  tiibercadosis  of  i.lu^  body  of  the  testis 
is  of  ra.r(^  oconrnauHy  but  w(;  hav('  ocna.si<m{dIy  scaai  it  in  Onldren. 

Tnlxu’cidosis  o(  i.h{‘  proslaJr  is  oTnashjiia.I^  blood-bonuy  but  in  the 
nreat  majority  of  ca,s(\s  is  r(‘sidl.' of  s(‘con(hiry  spr(‘a(r  ()f  infection 
(other  by  (Jh'  va.s  ({(denms  IVom  i.ln^  (epididymis  or  from  tuberculous 
disea, S(e  of  i-h(‘  bhuhUo*  in  iirinar}'  l.nlxvreulosis.  It  is  usually  of  the 
ca,seatin,^'  typ(‘  and  tlui  ghmd  may  larya'ly  (h^stroyexL  When  septic 
(‘ystii.is  sii p(X'veu(‘s,  as  may  (xxnr  in  tulxaxailous  (liseas(y  there 
may  Ix^  also  inleat.ion  witli  pyoyamie  orgrinisms,  and  suppuration  in 
th(^  ydand  may  Ix^  snp(0’ad(l(Ml.  TidxTeiilosis  of  tlu^  v(Nsi(nhc  s(oninales 
is  of  common  (xaairrcncn  in  the  (unulitions  nxmtiomxl,  and  tlx^  Ic^sions 
ar(^  ()n.(m  (cxtnnsive.  Tlu^  V(\sie,l(^s  b(xx)nH^  yn*(ad.ly  (mhir^nd  and  tense, 
and,  on  s(‘el.ion,  tixdr  substamx^  ma,y  Ix".  found  i.o  Ix^  (mtirdy  retraced 
by  (*a,s(x>us  maba'ial  which  is  usmdiy  sofdouxl  in  thc^  (‘(Oitral  parts; 
som(‘  sursi:i<‘a'l  a.ui,h()rii.i(‘s  r(\ii:a,r(l  i.his  a,s  tlx^  c.ommomvst  initial  focus 
of  iided-ion  in  tlu^  .a:(mita.l  i.ra.et  a-nd  consi<l(a'  that  it  spinads  thence 
to  epididymis  and  prostaten 

Syphilis.  Apa,rt  from  the  primary  son^,  which  has  been  already 
d(‘se.rib(xl  (p,  <M),  tlH‘.  (X)mmon(%st  site  of  a  syphilitic  lesion  in  the 
p  ^  l|(mitn.l  l.ra.(‘l.  is  tlie  t(‘stie,l(a  wlHrre  it  is  not 

niieommon.  h^sions  a.r(^  ynnnnia  or  diffuse 

int(M’stitia.l  iidla,mma.tion,  and  the  two  are  often 
e,()nd)iTuxL  Unlik(^  tulxoaudosis,  gumma  starts 
a.Imost  inva.riaJ)Iy  in  tlx^  lx xly  of  the  testicle  ; 
a, ml  it  ma,y  (‘aus(‘  gnoit  general  (uilargement 
and  indura, Irion.  Fxt(msiv(uuxu'(>sis  (Kxairs,  and 

'  fb('  neerot.ie  anaus  ar(5  often  of  dull  yellowish 

/L  w  e.olour  with,  a.n  irrc^gular  outlines  of  more 

translmxait  gra.nula.tion  tissue  which,  forms  a 
^ <a)nt/nist  to  tlu^  n^st  of  tlu^  tissxie  (Fig.  572). 

.\‘Q  Sy[>hiliti(;  orcJiitis  may  occur  without  guin- 

\  nia.t(Mis  (•,hang(y  and  is  (liaractcriscd,  as  in 

'  oth(‘r  orgaais,  by  growth  of  cellular  connective 

tissues  whidi  afku’wards  bexjonu^s  fibrosed,  whilst 
the  tubulcvs  Ixxiotne  atrophied  and  disappear. 
lk,(3.  572.— Gvantna  of  At;  first  tluux^  jn.ay  1x5  a  c(5.rtain  amount  of  en- 
Ia.rg(5nuait,  but  later  Induration  and  contraction 
areas,  x  4.  rc'siilt.  A  diffuse  interstitial  orchitis  has  been 
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described  as  occurring  in  the  congenital  form,  but  it  is  very 
rare. 

Hyperteophy  of  the  Prostate 

I  This  is  a  common  condition  after  the  age  of  about  fifty,  and  great 
I  enla;rgement  is  soinetimes~Wet  witET  Both  lobes  of  the  gland  may 
be  uniformly  enlarged,  but  often  one  more  so  than  the  other,  and 
the  surface  may  be  comparatively  uniform  or  may  present  some 


■PiG  573 _ HvToertrophy  of  prostate,  involving  both  lateral  lobes  ^ and  the  so- 

'  called  ini(Me  lobe.  The  bladder  wall  shows  marked  trabecnlation  owing 
to  great  hypertrophy  of  the  muscle  bundles.  X  f’-** 


nodulations.  Such  enlargement  leads  to  lateral  compression  of  the 
urethra,  which  is  often  changed  into  a  mere  slit,  and  various  bends  may 
be  produced  when  the  enlargement  is  irregular.  There  may  be 
also  enlargement  of  what  is  called  the  third  or  middle  lobe  of  the 
gland,  which  comes  to  form  a  rounded  swelling,  growing  up  at  the 
inner ’end  of  the  prostatic  urethra,  and  may  reach  a  large  size  (Fig. 
573).  This  so-caUed  lobe  is  hardly  present  normally  as  a  distinct 
structure,  but  is  represented  by  collections  of  glands  under  the  prostatic 
urethra  behind  the  urethral  crest,  and  these  undergo  great  enlarge¬ 
ment.  Enlargement  of  the  middle  lobe  is  usually  associated  with 
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(^iila,r|i;onio!it  of  the  rest  of  the  gland,  but  it  may'  be  proportionately 
mu(‘-h  gr(^a.ter,  and  is  often  the  clvief  cause  of  obstruction.  A  hyper- 
t,ro|)hi(‘d  |>rosiafi(^  varies  in  consistencHu  l>ut  is  usua-lly'-  fii-m  ;  the  cut 
surra,c(‘  nuiy  have  a  fairly  uniinrm  a,i)j)(aira,nc.(‘  oi*  ad(au)matous  nodules 
nniy  l)e  j)r(‘S(ait.  Tlu^  unvtlira  is  va.iaously  a-ihah-cal  ;  it  may  be 
leiigtljencMh  compn'sstMl  laterally,  (‘urvcd,  a^caiording  to  the 

(tniractei*  of  Mi(‘  proslelh*  (Mihirgtmu'ut.  T\w  r(‘sultiiig  (‘.hronic  obstruc¬ 
tion  is  followtal  by  Mn^  usuaf  (•,ha,ng(\s,  by portropliy  of  the  bladder, 
dilaf  ation  oi'unMers  and  rcMud  ludvc^s,  ct(a  Noli  inlVcuiuently  a  certain 
anionnt  of  (ibrosiH  of  tlu'  kidneys  follows,  aJong  wiifi  fuiutfonaf  inter- 
hu'cuec.  d1)e  l)l()od  unai  oft(Ui  ris('s  aiid  a,  siu.i.(^  ol’  chronic,  urreniia 


hid,  r>7*f.  proslditio  in  (il)r<)tHu,K(uilair  and 

hy[)(’irj)l(iMiai  nnd  Hoinct  of  Mki  npiKu^H  ^in’i  dilalHMl.  X  16, 


may  r(‘Hult  ;  a  fall  in  (fn^  blood  nrea.  nsnafly  (xauirs  a-fi<‘r  drainage  of 
tih(^  bla-ddcr.  S(‘ptic.  inlhiinma-tion  of  th(‘  urinary  tra(d;  is  often  super- 
add(xl  (p.  873)  and  spnaid  tio  tfn^  prosi.atc^  may  (ains(^  acude  retention, 
as  may  also  paatiuf  infarctiion  of  (fu^  (sdargixl  gland. 

MimmopicaUy  tlnue  is  usually  found  ituureasc  botli  of  the  glandu¬ 
lar  clemontH  and  tlu^  stroma  (Fig.  574).  The  former  are  arranged 
chiefly  m  acini  lined  by  columnar  (jells,  and  not  infrequently  show 
small  papilliform  ingrowths  into  spa.(‘(\s.  OfUm,  some  of  the 
acini  an^  dilahxl  and  oeea,.HionaHy  small  (ysts  arc^.  formcxl  ;  small  con¬ 
centric  concretions  or  ^  (iorpora  amylaeoa  '  arc  of  common  occur¬ 
rence.  The  stroma  is  usually  a  fihromuscudar  connective  tissue, 
and  contains  a  varying  proportion  of  non -striped  fibres.  While 
the  gland  acini  are  usually  Hmul  by  a  definite  epithelial  layer,  there 
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may  be  found  at  places  more  active  hyperplasia  with  the  formation  of 
masses  of  cells.  « Aberration  in  cell  types  may  then  appear  and,  in  fact 


just  as  in  the  case  of  the 
mamma,  all  transitions  to 
malignant  growth  may  be  fol¬ 
lowed.  Enlarged  prostate  has 
been  described  as  sometimes 
due  to  increase  of  muscle,  but 
I  such  a  condition  is  rare.  The 
development  of  a  carcinoma 
in  a  hypertrophied  prostate  is 
not  uncommon  (Fig.  576). 

'  Nothing  definite  can  be  said 

I  ^ 

with  regard  to  the  exact  cause 
of  prostatic  enlargement.  The 
frequent  occurrence  of  the  con- 
’  dition  at  a  certain  time  of  life 
and  its  general  course  point  to 
some  specific  etiological  factors. 
I  There  is  also  a  certain  re- 


Fig.  575. — Section  of  hypertrophied 
prostate,  showing  hyperplasia  of  the 
glandular  epitheHum.  X  60. 


I  semblance  of  the  histological 

changes  to  those  met  with  in  cystic  hyperplasia  of  the  mamma  and, 
as  in  the  latter,  transitional  stages  to  carcinoma  may  he  found.  The 
injection  of  cestrone  and  allied  chemical  compounds  in  male  mice 
leads  to  prostatic  enlargement  along  with  other  hyi>erplastic  and 


Fio.'ste.-Carcinoma  of  prostate  gland.  growth  is  of 

consisting  of  poorly  formed  gland  acmi  with  teansitions  to  a  permeation 
of  the  tissue  by  rows  of  small  darkly  stained  cells.  X  22o. 
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ni(‘ta,|>la.st.ic  <^lia.i)^(‘s  in  t,h(^  miiuivy  trac^t  (Barrows  and  Kennaway) 
hut  tlu^  <*ha,u,^(\s  do  uot  dosc'ly  restvmhlo  tlioso  iTuiiad  in  niaan  'on 
tlK‘  whob  it  is  lik(‘ly  tlial.  |>r<)sta,ti(^  (vlVl^lrg(a^l(vnt  rc^sults  from  (Midocrine 
disordor,  jxaFaps  from  a  disturbajHaa  of  tlu^  aa)(lr()g(aiiai\stT*()g(ai  l)alance 

it.s  ('tx:aet  nature 

nia.y  T)T“' 

Cysts 

Th(‘.s(^  ()C(‘ur  mainly  in  (‘onnootion  with  tlu^  t(‘stido.  The  com¬ 
monest  is  hijilroccle,  whieh  is  tlu^.  insult  of  distension  of  the  tunica 
vaginalis  with  clour  s(u*ous  Iluid.  It  may  originate  in  connection  with 
(‘.hroni(‘.  inlla.mnuitory  (Conditions  of  tlu'.  t(^sticl(>,  or  with  traumatism, 
hut.  ol*t(ui  it  o(‘.(‘urs  n,|)a,rt  from  any  su(‘,h  (‘-ondition  and  the  causation 
is  ohscaun.  Along  wiOi  tlu^  aeeumulation  of  Iluid  there  occurs  a  vary¬ 
ing  d(cgr(ce  of  (hiekcuiing  of  tlu^.  tuni(‘,a,,  and  sometimes  this  is  of  marked 
d(‘gr(C(^  ;  inllammafory  (diang(^  is  sonudarnes  superadthd.  Occasion¬ 
ally  h;emorThag<a  into  tJu^  sa,(^  (xuuirs,  usually  a,s  Ihe  insult  of  some  form 
of  iraumafism,  and  tlum  term  ‘  haunateca^h'.  ’  is  applied.  Clotting 
of  ihe  blood  may  I.ak(c.  phuuu  and  iho  organisation  whi(F  follows  may 
loiul  to  gr(‘at.  thi<',k(cning  of  tlu^  wall  of  i,lu‘.  spac(u  hhicyded  hydrocele 
or  hydrocvJc  of  flic  cord  is  duo  in  a  disi^caision  with  Iluid  of  the  non- 
oi)!iinrat(*(l  remains  of  ihe  i>ro(a\ssus  vagimdis  or  originaJ  communica¬ 
tion  f)etw(M‘n  tli(‘  tuni(^a  vaginalis  and  tin*,  pfnd.ommm.  Sometimes 
iho  |)roc(\ssuH  is  oliliteratnd  only  a,t  ii.s  Iowcm-  (md,  a.nd  tluan  is  an 
(elongated  S))a.('e  (‘{uitnaning  fluid  in  eommimicadion  wifJi  the  peri¬ 
toneal  e.avity.  Cysts  of  Lie  body  of  iho  (nstis  ajn  rarcu  lint  are  not 
nneonnnon  in  eonmadion  with  th(‘.  epididymis.  Thoy  are  usually 
multiple  and  smaJl,  but  oe.c^asionaJly  a,  singh^  (yst  may  reach  a  con- 
sid(u-a,hlo  hvao  and  disfilane  the  iestiele.  Idio  contents  of  cysts  in 
this  posit. ion  atx^  usually  a  (dear  or  turbid  Iluid,  and  not  infrequently 
(U)nf.ain  spiumuitozoa,  (>fi.(m  in  a.  d(g<merat(‘.(l  (amdiiion  ;  the  cyst  is 
tlum  known  as  a  ^spe/nmiocdlc.  Ocuuisionally  rupture  into  the  tunica 
vaginalis  may  tn.ke  pkuxu  Cysts  of  the  (Epididymis  arc  believed  to 
aris(E  by  obstnuEtion,  (Esp(Et‘iajly  of  tiluE  vasa  a.bcrrantia,  though  some 
ma.y  he  oI  (U)ng(Enita.l  origin.  A  (yst  may  form  also  from  dilatation 
of  tIuE  hydatid  of  Morgagni. 


TUMOUIIS 

Tumours  of  all  kinds  a, re  iniUEh  less  cEommon  than  they  are  in 
i.he  female  giEiutad  tra.(Et.  Idie  following  is  a  summary  of  the  chief 
varieties 

Penis.  TJke  commoiuEst  growth  is  squamous  epithelioma,  which 
usuadly  originates  from  the  glans  or  prcpiuEC  ;  it  presents  the  iisual 
elumuEters.  Among  p(a)pl(‘s  praxEtising  ritua.1  e-ircirnuEision  within  a 
f(Ew  days  of  birth,  pemikE  (Ea.rc‘.inonui  is  viitmilly  unknown,  but  when 
circEunuElsion  is  d(dn.y(Ed  until  about  pniKuiy  tluE  incidcEUce  of  penile 
carcinoma  is  not  aifected.  J^ipilloma  is  oftcEU  the  result  of  chronic 


947 


REPRODUCTIVE  SYSTEM 


irritation,  especially  of  gonorrliCEal  origin.  The  so-eaHed  gonorrhoeal 
warts  occur  cliiefiy  in  connection  with  the  mucous  membrane  of  the 
prepuce  and  corona  ;  the}"  may  be  multiple  and  often  reach  a  con¬ 
siderable  size.  Probably  u  virus  is  concerned  in  then*  etiology. 

Testicle.  Fibroma  and  leiomyoma  are  occasionally  met  with  and 
an  adenomyomatous  growth  occasionally  occurs  in  the  epididymis,  but 
as  a  whole  simple  growths  are  very  rare. 

The  two  most  important  tumour^  are  {a)  seminoma  and  {h)  teratoma. 
(a)  Seminoma.  This  interesting  mahgnant  growth  of  the  testicle  is 
composed  of  spheroidal  cells  which  form  large  masses  with  compara- 
tivety  little  stroma  (Pig-  577)  or  which  may  have  more  of  an  alveolar 


Fig.  "sTT.— Seminoma  of  testis.  The  growth  consists  of  large  round 

vesicular  nuclei  and  there  is  lymphocidic  infiltration  of  the  stroma.  X  .  10. 


arrangemerit.  The  growth  is  vascular  and  areas  of  hsemorrhage  and 
necrosis  may  occur  but  often  the  cut  surface  is  of  whitish  homo- 
o-eneous  ‘potato-like’  appearance.  Mcroscopically  it  resembles  a 
farge  round-ceU  sarcoma  and  was  formerly  described  as  such.  It  ^ 
now,  however,  generaUy  considered  to  arise  &om  the  spCTmatoblasts 
and  accordingly  the  above  name  is  commonly  applied.  E^g,  how¬ 
ever  held  that  it  is  of  teratoid  origin-'  a  one-sided  development  of 
a  teratoma.’  The  size  of  the  cells  varies  in  different  specimens  and 
usuaUy  they  are  relatively  large  but  the  stroma  may  be  mffltrated 
with  smaU  ceUs  resembling  lymphocytes  ;  occasionally  the  tumour 
eeUs  have  been  described  as  smaU  and  resembling  those  of  a 
sarcoma.  The  cytoplasm  of  the  cells  tends  to  have  a  somewhak  ill- 
defined  margin  unless  properly  fixed.  A  seminoma  for^  a  large 
ceUular  mass,  displacing  the  survivmg  parenchyma  and  dist^ding  t 
tunica,  and  grows  along  the  spermatic  cord.  Metastases  frequently 
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oc.cur  a, IK  I  evil  i(;^nc(^  of  Ihv^v,  aft.oi*  tlu^  I'lriiiiary  growth  lias  been  removed 
may  noli  apj)(‘ar  for  a  (ainsiderahh^  (im(\ 

Other  forms  of  (•jirc'iMorna  and  aJso  sare.oimi  are  of  rare  occurrence  • 
they  may  arise  in  eomuK-.tion  with  a.  tin'atoma. 

(h)  Thv.  '  mixed  laimours  ^  ol’ tF(‘,  ti^slh^k^,  wliicli  are  not  iincommon 
aj*e  to  Ix^  r(\ga.rd(al  as  teraJoinufa,  usually  of  the  solid  type  (p.  261)' 
I’lu^y  may  contain  (‘jiithelium  of  various  typers,  (airtilage,* bone,  myxo¬ 
matous  1  issu(‘,  sti‘ip(‘(l  and  non-sijlp(sl  mus(‘l(‘,  etex  MI  three  terminal 
lay(‘rs  may  lx*  ivpivsiadnd  or  out'  spiaaally,  th(‘.  otluu's  being  suppressed. 
Som(‘.  of  th(>.  (^pith(‘lia,l  strut‘.tunxs  may  undergo  dilatation  and  form 
(ysi,s,  but.  tiny  usually  do  not  reanh  a  hirgo  siz(^.  Some  growths  are 
of  lc‘ss  (•.omprK‘a(nd  strueture  and  only  some  of  the  tissues  mentioned 
a, IV,  i>ivs(Kit,  (‘a,rtilag(^  nol,  iidViapumily  pivdominating  ;  all  intermediate 
forms  are  nud  with.  One  form,  in  whi(ti  the  constituents  are  fibrous 
iissiu’!,  (^aitilagi'i  and  eysiis  IiikmI  liy  (‘.pitiudium,  is  known  amongst 
surgeons  a,s  ‘  (ibro-eys(l(‘,  dis(vis(u’  ddiough  a,  teratoma  is  a  congenital 
abnormality,  it  usually  doi^.s  not  prodmx^  mmdi  enlargement  and  lead 
to  a,  distiiKd  tumour  till  the  tinu^  of  adult  life  or  even  later,  Some- 
tim(‘,s  theuv  is  a.  history  of  a,  blow  preending  the  atdiial  growth.  Malig¬ 
nant  gi'owlh  iriapuudly  a.risi's  in  eomuKdiion  wiili  a  ti'.ra/toma  and  gives 
ris('.  to  m(d,a.stas(‘s.  'V\w  s(H‘onda,ry  growths  may  he  earcinomatous, 
sa,ri‘()matous  or  of  mixisl  iypex  La.stly,  a,s  in  the  ca,se  of  teratomata 
<ds(‘wiHa'(\  a.  ehorionx'pitlHdioma,  with  the  usual  characters  may 
(h^V(dop.  It,  is  a,  mallnr  of  nuieli  intvnvst  that  in  a.  case  of  chorion- 
ejiiiludioma,  a, rising  from  a,  Ussibaila.r  tvratoma  tln^  urine  may  give  the 
Asidudm-Zomldv  reav.tion  found  in  pn^gnaney  (p.  1005).  Recent 
<)hs('rvalions  show  Unit  this  rivndlon  may  h(^  giviai  by  other  testicular 
tumours  smdi  as  ad(‘no(%arcinoimi,  simiinoma.,  (dc.,  although  the  hor- 
moiH^  (xmcm-iHMl  is  pr(‘s<mt  in  veny  mmdi  smalku’  amount.  Occasionally, 
though  viuy  ra^ndy,  a,  t,(‘rafoma  of  th(‘.  t(‘sti(d(^  may  liavi'i  the  characters 
of  tlu^  common  ^  (Icunnoid  cyst  ’  of  (lu^  ovaay. 

It  may  h(^  a,dd('d  tluit  sa.nunna,  of  ordimiry  type  a,nd  adenocarcinoma 
are  occasionally  mtd.  with,  Imt  tluy  raixx 

Pkostatk.  Tlu^  most  important  tumour  of  the  prostate  is  carci¬ 
noma,  whi(di  is  ol  v(uy  common  ocxuinxvncc,  sometimes  as  a  sequel 
to  [irostatic.  hypiu’trophy  ;  <)therwis(\,  it  Ix^gins  in  the  posterior  lobe 
and  may  eausi^  (diiidly  indurallon.  Usually  it  [irodiuics  some  enlarge- 
uumt  o(  th(‘  gkind,  and  l‘or  a.  i.inu^  may  b(^  (uintaiiuxl  within  the  capsule, 
so  that  the  condition  may  Ix'  supposcxl  to  Ik^  one  nunvly  of  hypertrophy. 
l.<ater,  it  grows  ilirough  tlu^  caiisnk^  and  in.vad(\s  the  neighbouring 
tisHiU'S.  pr(\sene(^  of  malignant  disease^,  is  often  indicated  at  opera¬ 
tion  by  adlu^sions  btd.wecm  ilie  gland  a-nd  its  (;a])sulo.  We  may  also 
tU)t(^  that  wlum  (’^aiuxu*  of  tlu^  scirrhous  typi^  is  pre^-sent,  it  may  lead  to 
gemu’al  induration  of  the  gland  without  enlargement,  and  we  have  seen 
cases  wh(u:e  it  was  not  possibles  to  he  e.ortain  of  tlio  condition  till  micro¬ 
scopic  examination  was  inach^.  growth  may  l)o  of  the  ordinary 

scirrhous  type  (Edg.  57(1)  or  loss  fre(|uently  may  be  an  adenocarcinoma. 
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Carcinoiiia  of  the  prostate  has  a  tendency  to  giTe  rise  to  multiple 
secondary  growths  in  the  hones,  and  these  may  be  attended  by  a 
great  deal  of  bony  thickening  around  them — osteosclerosis  (p.  919) — ■ 
and  by  a  marked  rise  in  the  acid  phosphatase  in  the  blood.  These 
osseous  metastases  may  occur  mthout  the  presence  of  secondary 
growths  in  the  lungs  or  other  organs,  and  are  at  least  partly  due  to 
retrograde  venous  spread  along  the  veins  which  join  the  prostatic 
plexus  to  the  vertebral  veins  (Batson).  Prostatic  cancer  can  often 
be  suppressed  by  oestrogen  therapy. 

Adenomatous  nodules — single  or  multiple — occur  in  the  prostate 
and  aU  transitions  to  ordinary  prostatic  hypertrophy  are  met  with. 
Sarcoma  of  the  prostate  is  rare  but  is  occasionally  met  with  in  cMldren  ; 
we  have  personally  studied  three  examples,  each  of  wMch  proved  to 
be  a  rhabdomyosarcoma. 


COKGENITAL  AbNOBMALITIES 

The  term  hermaphroditism  is  applied  when  the  genital  structures  have  the 
characters  partly  of  the  male  and  partly  of  the  female  t3rpe,  and  two  forms,  true 
and  faUe,  are  to  be  distinguished.  In  true  hermaphroditism,  of  which  only  a 
very  few  cases  have  been  recorded,  both  testis  and  ovary  are  present.  The 
exact  conditions  in  the  cases  observed  have  varied — a  testicle  and  ovary  have 
been  present  on  both  sides  ;  or  both  on  one  side,  with  a  testicle  or  ovary  on  the 
other  ;  or  again,  a  testicle  on  one  side  and  an  ovary  on  the  other.  ^  In  false  her¬ 
maphroditism  or  pseudo -hermaphroditism,  where  there  is  a  blending  of  sexual 
characters,  the  sex,  of  course,  depends  on  the  presence  of  testicles  or  ovaries,  and 
the  condition  is  said  to  be  of  the  masculine  or  feminine  type  accordingly  ;  in  either 
case,  the  secondary  sexual  characters  are  usually  those  of  the  other  sex.  Pseudo¬ 
hermaphroditism  is  again  distinguished  as  of  internal  or  external  type,  accordmg 
as  the  blending  of  the  sexual  characters  aSects  the  internal^  or  the  external 
structures.  The  commonest  form  of  hermaphroditism  is  said  to  be  of  the 
masculine  external  type.  In  this  condition,  the  scrotum  is  incompletely  formed 
and  remains  split  so  as  to  resemble  labia  maj  ora.  The  penis  is  rudimentary, 
and  the  urethra  is  usuahy  not  closed,  while  the  testicles  remain  in  the  abdominal 
cavity  or  in  the  inguinal  canals.  In  some  forms  of  the  femmme  type,  hypeijlasia 
of  the  adrenal  cortex  has  been  observed  (p.  1053),  but  as  a  rule  the  causation  is 

quite  obscure.  .  ,, 

Incomplete  closure  of  the  urethra  is  of  not  uncommon  occurrence  and  the 

tube  mayremam  open  either  on  the  dorsal  aspect— ei>isi>a<itas-or  on  the  ventral 
aspect^hypospadias.  The  latter  is  the  more  common  and  may  be  met  ^th  ^ 
varying  degrees.  Epispadias  is  often  present  in  eases  of  extroversion  of  the 

^^^Rete^ionllnon-descent  of  Hie  teeticle  is  frequently  met  jrith.  The  conation 
usually  occurs  on  one  side,  though  sometimes  on  both  sides,  and  the  f’^ined 
testicle  may  he  in  the  abdominal  cavity  or  partly  descended  and  m  the  mgumal 
canal  A  retained  testicle  remains  of  a  small  size  and  m  an  undeveloped  con¬ 
dition,  spermatogenesis  being  absent,  but  the  interstitirf  cells  are  not  afiwted 
and  api^ar  relatively  increased.  As  already  mentioned,  a 

oceasioMlIy  arises  in  connection  with  an  undescended  testicle  m  the  inguinal 
canal. 

FEMALE  GENERATIVE  SYSTEM 

Scarcely  any  other  region  of  the  body  is  so  frequently  the  seat 

of  pathological  changes  as  the  female  genital  tract,  and  the  lesions 
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foiiii  a.  group  of  grea.t  iiuportaiK^o  and  cousiderablo  complexity. 

(^aai  dcaJ  only  with,  tlio  more  importaait  of  these,  and  for  details 
reha'etKH’!  must  ho  made  to  special  hooks  on  the  subject.  For  con¬ 
veniences  we  sha.Il  (‘.onsider  the  (iuisf  atTiscvtions  of  the  xiterus,  tubes 
and  ovariiss  l-ogcsiher, 

IN  FLA  M  MA  TOR  V  (UIA  NO  LIS 

Iu(!amma.th)ns  of  the  dilhsrent  pa-rts  of  the  female  generative  organs 
ans  of  (soxnmon  (Kse.urnsiuHs,  and  may  lead  to  divers  serious  results. 
In  th(^  gn'at  majority  of  ca,s(^s  tlu^  otguunsms  enter  by  the  uterine 
cavity,  a.nd  tliema^  inf(H‘,t  otlier  paai^s,  though  in  certain  instances, 
notal)ly  in  tulxvrxmlosis,  infection  may  occur  by  the  blood  stream. 

(,A)  Acute  Endometritis.  The  a,(uite  form  of  endometritis 
may  be  ])ro(lu(HHl  in  va,rious  ways.  In  some  cases  there  is  no  definite 
assignahk^  cause,  a.nd  the  condition  is  attributed  to  ‘  a  chill,'  which 
may  act;  by  predisposing  to  infection.  In  other  cases  it  is  the  result 
of  itifeciion  during  mechanical  intorferenco— tlu';  introduction  of  a 
sound,  the  internal  application  of  medicaxments,  operation,  etc.  A 
ixot  it\fr(H{iu‘.nt  caiuse  is  gonorrhoxi,  which  leads  especially  to  a  cervical 
cndonieiritM,  tliough  the  c.oudition  may  s|)read  to  the  body  of  the 
ubanis  and  tlu'tux^  to  tlu^.  tulxNs.  ({onorrh(e-a,I  (aulometritis  is  often 
attend(xl  by  a.  suj)(a*ficia.I  iutxM’sthhil  nu'triiis,  and  is  apt  to  pass  into 
a  c.hroni(‘  st.a.t(\  is  also  ilu^  veay  imj)()rtxuit  group  of  infections 

of  th(^  body  of  th<^  utcaais  vvhi(^h  origina.t(^  in  (a)nnc(it;ion  with  abortions 
and  parturition,  and  whicli  may  haul  to  seveaa^  kasions  and  complica¬ 
tions.  Acut.(^  (aidoimd-rit^is  oc.cairs  o(H*.asiona,lly  in  infccdavc  fevers— 
scairkh  l(‘V(a’,  smallpox,  typhus,  ('tc,  Tlu^  (auloimdrium  is,  liowever, 
aouuvvluit  r(‘sista.nt  t-o  l)a.(^t>(a’iaJ  inlcc.thius,  a,s  tJuax^  is  normally  free 
(lrainag(‘  and  tlu^  n‘g(ai(a‘at.ion  arftaa*  nuaistnial  slualding  facilitates 
re(!ov(aT  from  inhaitJon, 

The  changi^s  in  acmt.e  (aulometritis  correspond  with  those  seen 
in  any  iutlaminatjon  of  a  mucous  surfac.e.  Tlua'c  occur  swelling 
and  eongxvstion  of  th('.  rnmaisa,  dexsquamation  of  superficial  epithelium, 
somethmvs  with  hamiorrha,ges,  a.nd  inerea,sed  se(‘,rot;ion  from  the  glands, 
that  from  the  (‘.ervix  being  mucoid,  that  from  the  body  more  serous. 
La.ter  the  dis(ha.rg(^  b(XH)m(\s  purulent.  In  severe  cases,  such  as  are 
met  with  aft-m'  ahorthm  or  parturition  and  (x^easionally  in  fevers,  the 
intlatnmation  may  Ix^  of  the  croupous  tyj>e,  tluu'e  Ixfing  a  fibrinous 
(^xudafe^  on  th(‘.  surfa.ct‘  of  tlu^  mu(x)sa,  attcuided  by  a.  certain  amount 
of  Hup(udi(‘.ial  lux’.rosis  whi(di  may  Ix^  followed  by  uhieration.  Acute 
endomotritiH  ma.y  undergo  nxsolutioii  with  a  return,  to  the  normal, 
hut  froc|ucntly  it  passes  into  a  (fiironic  state.  This  is  common  in 
the  gonorrhcBal  type. 

CoMxnaoATiONS.  Infiammatory  conditions  within  the  uterus  are 
apt  to  extend  and  give  rise  to  complic'.ations.  As  has  been  mentioned, 
metritis  may  occur,  and  there  may  be  a  spread  by  the  lymphatics 
to  the  pelvic  connective  tissue,  with  diffuse  inflammatory  infiltration 
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or  parametritis  as  a  result ;  the  inflammatory  exudate  may  be  serous, 
fibrinous,  or  even  in  some  cases  purulent.  Thence  the  peritoneum 
may  be  infected.  Extension  of  organisms  may,  moreover,  take  place 
along  the  Fallopian  tubes,  thus  causing  salpingitis  and  sometimes 
peritonitis  and  ovaritis.  This  latter  mode  of  infection  is  common 
in  gonorrhoea.  It  is,  however,  in  connection  with  the  puerperal 
state  that  the  most  serious  complications  are  met  with.  The  retention 
of  portions  of  placenta  or  decidua  along  with  lacerations  of  the  cervix 
gives  an  opportunity  for  invasion  by  pathogenic  organisms.  In 
addition  to  the  usual  pyococci,  various  bacilli  of  the  coliform  and 
proteiis  types  and  even  gas-forming  anaerobes  may  be  present.  In  some 
cases  the  changes  are  chiefly  within  the  uterus,  and  the  inflammatory 
process  may  be  of  severe  phlegmonous  character  and  may  be  accom¬ 
panied  by  putrefaction  of  any  retained  material.  There  may  thus 
be  produced  a  state  of  ‘  putrid  intoxication.’  In  another  group  of 
cases  there  is  a  spreading  l^nnphangitis,  which  may  be  attended  by 
suppurative  foci  at  places,  and  by  much  inflammatory  cedema ; 
spread  to  the  j)eritoneum  readily  occurs  and  peritonitis  follows.  Or 
again,  infection,  especially  at  the  placental  site,  may  lead  to  septic 
thrombosis  of  the  veins  locally,  and  from  these  thrombosis  may  spread 
to  the  ihac  veins  with  phlegmasia  alba  dolens  or  "  white  leg  ’  as  the 
result.  Thrombi  may  undergo  suppurative  softening,  and  the  setting 
free  of  septic  emboli  may  cause  pysemia  with  abscesses  in  the  lungs, 
etc.  More  frequently,  especiafly  in  cases  of  infection  with  haemohhic 
streptococci,  an  invasion  of  the  blood  by  the  organisms  occurs,  and  the 
patient  may  die  of  septicsemia.  In  the  less  acute  cases  with,  spreading 
thrombosis,  anserobic  streptococci  may  be  concerned.  The  lesions 
described,  which  vary  considerably  and  are  combined  in  various 
ways,  are  attended  by  symptoms  which  are  grouped  together  under 
the  heading  of  '  puerperal  fever.’  It  is  hardly  necessary  to  add  that 
when  recovery  from  the  acute  stages  occurs,  chronic  effects  of  a  per¬ 
manent  kind  are  often  left— thickening  of  the  pelvic  connective  tissue, 
peritoneal  adhesions,  chronic  endometritis,  etc.  ;  and  displacements 
of  the  uterus  are  a  common  result. 

(B)  Chronic  Endometritis.  In  some  cases  this  follows  on  an 
acute  attack,  whilst  in  many  others  it  is  of  a  chronic  character  from 
the  onset.  The  lesion  may  be  regarded  as  the  result  of  infection  of  mild 
character  and  this  usually  arises  in  connection  with  pregnancy  or  is  of 
gonorrhoeal  nature.  It  is  apt  to  occur  in  connection  with  other  morbid 
conditions,  such  as  flexion  or  version,  the  presence  of  tumours,  etc. 
It  is  not  infrequently  associated  with  sub-involution  of  the  uterus 
after  parturition  and  increased  size  of  the  uterine  cavity.  It  must  be 
recognised,  however,  that  many  cases  formerly  cafled  ‘  chronic  endo- 
metritis  ’  are  not  reaUy  of  inflammatory  nature,  but  are  due  to  a 
disordered  state  of  the  mucosa  brought  about  by  endocrine  disturbance. 
This  is  especially  the  case  with  the  hypertrophic  or  hyperplastic 
variety  [vide  infra) » 
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by  and  inlili I’jil-ion  oC  Mu^.  int("rBtitial  tisBU(3  by  clironic 

inllainiriatiiry  alon^ji:  witb  iailuri^  of  tlu^  glands  to  respond  to 
honnoiuil  stinuibdioii.  (JouHiHpK'nOy  tlio  iiorinai  e-yclicai  changes  fail 
to  d(vv(‘lo|)  Jind  t  h(3  gbinds  a,iid  stroma,  are  a,s  a  rnki  kvss  advanced  than 
iilie  dat(‘H  of  the  nKMistrnal  (‘.yelc^  indiea,te.  The  presence  of  numerous 
plasma  evils  in  (-lu‘.  endomvtrimu  is  (\sp(u;ia,lly  signilicant  as  these  cells 
do  not  noi'imdly  ocamr  a,t,  a,ny  sta,g('.  of  tlu^  <'y^de,  whereas  ])olymorplio- 
iiuekau:  Ieuco(a't(\s  a,r<^  inva,i*iaJ)ly  pr(%s<mt  in  the  (airly  menstrual 
hreak(h)\v'n  of  llu^  endonu'i.rium  a.nd  foci  of  lymph,o(‘ytos  may  also 
occur  normally.  Tln^  d('t(a‘.t,ion  of  pkisina  c.(dls  is  tlua‘eibr(‘-  important. 
In  s(oaa*(‘  a,nd  long-sta-nding  (‘a.s(vs  th(‘  (mdom(‘trial  stroma  may  become 
s|)indkv~e.(dkMl  a,nd  a,hnost,  (ibrous,  a,nd  tln^  gkinds  are  then  much 
atrop!n(sl.  In  all  such  (aa,s(ss  tlu^  t,issu<^  nunovcai  by  (jurettage  should 
l)(^  (‘{indully  (‘xamiiUMl  for  products  of  eoiu'option  sudi  as  fragments 
of  d(‘g(m(a-al(‘d  villi,  a,nd  tlu^  liossibility  of  (viidomdrial  tuberculosis 
should  also  Ix^  boriu^  in  mind,  a,s  tbis  inhud.ion  is  fa,r  commoner  than 
is  giMKU’a.lly  rcailisi'd  (SulJnahind),  in  post-menopa,usa,l  eas(\s,  stenosis 
of  tln^  (‘(U’V'ix  by  mov  growth  or  following  tr<aitment  of  (lervical  cancer 
by  irradia,t.ion  may  kaid  i,o  r(d,(mtion  of  Iluid  and  infcdion;  occasion¬ 
ally  a,e(annula,tion  of  pus,  or  pyojnrim,  may  n^sult.  Fibrosis  of  the 
(uulonudrium  is  sonn^tinu^s  a,ss()(dal(Mi  with,  a,nd  appa,rently  the  result 
of,  a-rUu’iosc,kn*osis. 

( ^hronic,  ( ^  err  lea  I  I^JadoniefrUl.'^  or  I^Jn(lm(vrvi(diu^,  This  is  a  much 
eommomu'  condition  (iuin  tlu^  conwsponding  airection  of  the  body  of 
tlu^  ut,(u*us.  It  may  nvsult  from  gonorrluea,,  there  being  a  secomiary 
iidcctaon  by  ot  lua-  ])yog(mi(‘-  organisms,  but  it  most  fiXMpxently  results 
from  injury  during  child-birth.  Fompkde  liealing  of  lacerations  may 
not  take  plae.e.  and  inleetion  of  the  tissiu^s  by  pyogenic  organisms  occurs 
through  them.  ''Plu^  condition  is  oftem  of  very  chronic  character  and 
gives  rise  to  a,  mmxijiurulent  discharge  or  leucorrluea.  Changes  in 
the  siirliice  i^pitlndium  and  also  obstruction  of  glands  with  formation 
of  small  cysts  may  follow. 

(U\rvlcal  /^Jro.sicrm.  'This  term  is  a,pplied  to  red  raw-looking  areas 
whi(di  ()C(‘,ur  on  tlu^  vaginal  portion  of  the  cervix:  around  the  external 
os  uteri ;  ilunr  surfa,c.(^  is  (fither  somewhat  gra,nular  or  irregular,  or  else 
companitiv(dy  smooth,  ''fhe  <^a,rli(\st  change  is  actual  erosion  with 
loss  of  the  snperlieiaf  scjuainous  epithelium,  but  the  bare  surface  is 
soon  eovenxl  over  by  a  new  ejiithelial  layer  of  th<i  columnar  type,  and 
undcu'ueath  it  gk'indnlar  struetnres  appear.  Later  still  in  the  process 
of  h(m,rmg,  this  nuiy  n'pknxxl  by  s((uamous  epithelium  which  may 
tlieu  (uxiend  into  and  n^-plac-c'-  tlu^,  epithelium  of  the  cervical  glands, 
prodindng  an  app(uira,n(;e  wliieh  has  sometimes  Ikhux  mistaken  for  early 
carcinomatous  cUang(n  '‘.fhe  columnar  e])ithe]ium  is  believed  to  be 
deiivcd  from  the  lining  of  tlui  (jcrvix  or  its  glands.  Erosions  appear 
in  most  easels  to  be  scxKiiidary  to  catarrh  of  the  cervix.  There  is 
(hiHcribed,  how(wer,  also  a  congenital  variety,  which  is  apparently  the 
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result  of  abnormality  in  the  differentiation  of  the  epithelium  around 
the  os  uteri.  A  not  uncommon  result  of  catarrh  of  the  cerrix  is  the 
formation  of  cysts  around  the  os,  known  as  ovuta  Xabothi,  They  are 
of' small  size,  rarely  larger  than  a  pea,  and  are  due  to  ohstructioii  of 
glands.  They  may  be  associated  with  erosions,  and  small  papillo¬ 
matous  growths  also  are  met  with  in  like  conditions. 

The  term  ectropion  is  applied  to  an  eversion  or  turning  out  of  a 
portion  of  the  cervical  mucosa  towards  the  vagina.  It  is  not  infre¬ 
quently  the  result  of  a  fissure  of  the  cervix  caused  by  laceration  at 
parturition.  The  everted  mucosa  is  naturally  exposed  to  bacterial 
invasion  from  the  vagina  and  to  irritation,  and  its  epithelium  may 
become  changed  to  the  squamous  type. 


Fig.  57S.~Section  of  endometrium  from  a  case  of  metropathia  hemorrhagica, 
showing  dilatation  of  glands  and  early  cyst  formation.  (A.  C.  L.)  X  40. 


Endometrial  Hyperplasia.  This  is  the  pathological  condition 
associated  mth  a  type  of  irregular  uterine  hemorrhage,  metropathia 
hmmorrhagica.  The  afiection  may  be  met  with  at  any  time  in  child¬ 
bearing  life  hut  its  maximum  incidence  is  about  the  age  of  forty ; 
it  is  also  the  condition  found  in  the  menorrhagia  of  the  pubertal  period 
before  ovulation  ib  fuUy  established.  The  endometrium  is  in  a  con¬ 
dition  of  hyperplasia  and  forms  a  thick,  soft  and  vascular  layer ; 
its  surface  often  shows  elevations  and  polypoid  excrescences.  Its 
thickness  in  exceptional  eases  may  exceed  1  cm.  The  ^microscopic 
appearances  vary,  hut  often  in  the  deeper  parts  there  is  a  general 
hyperplasia  of  the  uterine  glands  and  at  a  higher  level  many  of  these 
show  dflatation  with  tendency  to  cyst  formation  and  epitheUal 
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ingi'<)vvi4i,s.  iV)niuiti()!i  is  oftcvn  a  proiaiiu^nt.  iLa.l/nr(‘,  (Pi^.  578) 

In  the  siijxa'iFvial  parts  [ih(a‘e  are  |)at(Les  ot  (l<\i»'(aua‘ation  ajul  ueca'osis* 
along  with  (aipilla-ry  throinl)osis  aju!  Ine.jn.()r‘rlaig(\  also  l\w.  j)r(^sence  of 
|)<)lynn)r|)h(>-iiu(4(air  leueo(^yt(\s  in  rcMatioa  lo  th(‘s(^  The  interstitial 
tissue  g(vn(‘ra-lly  is  e(‘lhihvr  and  vairies  in  a, mount  ;  it  is  vas{uilar  and 
th('r(^  nuiy  1)(‘  lueinorrha.g(‘s  {ind  (xatvtmi,  I)u1»  tliere  is  no  leucocytic 
(vinigraiion  a|)art  froin  tlu*  sujx'rtieial  tissiu's.  At  tlie  junction  of 
iny()in.(‘trium  and  eudonuda’ium  a.  (^(U‘ta.in  a,in()iint  of  adenoniyosis  is 
x'.onnnordy  ])r<'S('nt. 

As  has  hcum  said,  it  is  now  reeognise<I  tluit  tl\(\sc  changes  in  the 
(aidonuh.rium  a,r(^  not  of  iulhutnnatory  nature  hut  arc  the  result  of 
ovarian  dysfun(‘tion.  Tlu^.  (4uinges  found  in  tlui  ovaries  vary,  but 
ustuilly  a,  singh^  follicuhu*  e.yst  or  s<'.v(a-al  (‘,ysts  are  pnvsent  in  one  or 
hoili  (>va.ri('s,  and  as  a  rul(\  no  <*.orj)Us  lut(mm.  is  i)r(\s(mt.  It  would 
aippcair  tliat  iJu'  (\ss(mtial  factor  is  ilu'  ahs(mc,(^  ol*  ovulation  and  the 
sta-ic's  of  (changes  seeins  eapaPh^  of  a,  tlu'ondlcal  (VKplanation  in  view 
of  what  is  known  of  (li(‘  ova,ria,ii  horinoiu's.  Tlu'i  ova^rian  follicle 
foritis  <x'sl.rog(‘uie.  horinoiu's,  follir/dui  or  u's/ruac,  a.nd  (X’slmdiol,  which 
stimuh'de.  (la^  n'.parative  change's  in  ilu^,  (mdonudrium  following 
nu'nsl.ruation  up  l^o  tlu^  Inm^  of  ovulation  (h^g.  579).  The  corpus 
lut^(Mnn  llu'D  Ix'gins  t.o  fornn  and  producers  a.notluu'  iiorinoiu'.,  p'rogastin 
or  /)r(>(j(’sf('n>iH\  and  this  hauls  to  lui’i  lu'r  (uuIom(‘triail  cluingc^s  which 
in  llu'  al)S(‘ne.('  ol'  (ertilisation  c.uhuinat(^  in  numstruation.  These 
cluing('s  consist  in  <‘nhn‘g(‘nu‘nt.  a.iul  i.orlaiosiiy  of  tlu'.  ghuids  with 
ine.n'ascal  S(‘er(‘tory  a<’tiviiy  (Fig.  oSO)  ;  tlicaa'  is  also  foriuation  of 
(h'cidual  (U'lls  in  liu'  sup('r(i(‘ial  j>a.r(i  of  tlu'  (aulonuvtrium,  whi(‘li  leads 
to  dillt'iHudlation  ol'  (lu'  (‘ndonuh.rium  int^o  ilu^  superficial  compact 
and  int(‘rm(‘.diat('  spongy  la-yi'rs,  ilu‘.  liasal  layua*  Ixang  little  altered. 
Finally  disintegration,  starting  in  tlu^  (‘ornpaet  layiu’,  ociuirs  at  the  time 
of  numstruation.  Frogi'siln  also  inhibits  ovulation,  aa  stnui  in  preg¬ 
nancy  wlum  11h‘  cor|)us  lutemrn  piu'sists  a^nd  (Uihirgx's.  If  ovulation 
do('s  notioecur  tlu‘  ri'paratlve  cluingi's du(‘  to  follicadin  px'rsist)  in  excess, 
as  then'  is  no  corpus  lutcmni  fornuMl  a.nd  no  progestin  t-o  complete  the 
(y(t(‘ ;  disinti^gration  of  tlu'  (‘ndonud.rium,  then  falls  to  oc.cur.  The 
hyp(n’pla.stic.  c.ondilion  of  t.lu'  (mdonud.rium  may  thus  he  taken  as  the 
result  of  unint(‘rriipt(Ml  action  of  o'strogcms.  In  this  cuiniu'ction  it  is 
a  facti  of  import.a.n(H'  ihat.  ilu^  cluinges  dc'scrihcxl  in  the  cuidometrium 
a.re  brought  about  also  by  gra.nulosar.(utl  tumour  of  tlu^  ovaric'.s,  which 
producH'S  cestrogems  in  c'xcc'ss.  In  fact.,  wlum  this  endometrial  lesion 
with  hlecxling  is  met  with  a,ft(a’  ilu‘  numopause  therc^  is  a  strong  proba¬ 
bility  that  this  tumour  is  presemt. 

Another  (uinditlon  of  obscure  nature  is  known  as  membranous 
dysmmorrhmi.  As  iudieatcxl  by  tihe  name,  menstruation  is  attended 
by  pain,  and  this  is  followcxl  by  ilu^  passing  of  mornbrane-like  material 
in  shreds  or  as  a  ])ariin.l  caist  of  the  utorns.  T'hc  membrane  consists 
of  the  Huperficual  ])art  of  the  uterine  nnuiosa,  the  interstitial  cells 
of  which  arc  usxially  c.onsidca'akly  swolUm  with,  a  marked  decidual 
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reaction ;  sometimes,  on  the  contrary,  a  considerahle  aiiiomit  of  fibrin 
is  present.  It  is  clear  that  the  normal  piecemeal  disiiitegration  of 


Fig.  579.— Section  of  curetting,  showing  ordinary  reparative  or  cesfcron© 
phase  of  cycle.  (A.  G.  L.)  X  75. 

the  superficial  part  of  the  mucosa,  which  should  occur  at  menstruation, 
does  not  take  place  and  that  the  tissue  separates  as  a  layer  like  a 


Fig.  5M.— Section  of  curetting,  showing  secretory  or  lutein  phase  of  cycle, 
(Dr.  J.  F.  Heggie.)  X  75. 
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( -linn lie  BUilpin^^il.iH. 


r  I  III'  I'olihi  ((<)  I  hr 
I  hry  Jirr  Mir  :irnl. 
'  hrroniiiif.';  I'luii'd 


<l(H'i(lua.l  (^a„sl.  Bui.,  a,lt.h(ui,i'li  various  t.licoric^s  luivi!  bcuvn  |uil,  forward 
noMiiuif  (lcliiiil.(^  is  known  as  l.o  flu'  oa.ns(^  of  Miis  a,!)norinalitv  ’ 

Salpiiif^itis.  In  l.lu'  ij;r<'a.l.  ina.joriliy  of  (uisi^.s  infc'otvion  of  the 
tulu's  is  of  tho  a.stauidinu:  (.vll(^  and  l.a.kos  phuai  liy  the  oxtonsion  of 

orga,nisnis  finni  Mio  uterine 
eiwity  in  c.a.stwof  endometritis, 

l.ho''uHloadna 

etc, 

<’<>'“"'<'11 1'esnit  is  an  acute 
inflammation,  which 
alii, (aided  by  deH(|namation 
-r  id.itbelinm  and  abundant 
leueoe.yiie  infiltration,  so  that 

y  Urn  contents  nanally  come  to 

Km.  r„SI.  rinnni,.  sa,lpinKl(,is.  ,,,  \,l,,,,aeter. 

Null' Miiil.  Mir  Biiiiri'liriiil  |i)U‘t;i  (if  (hr  I'ohhi  ((<)  Mir  I  ,  .  r  j.i  i  • 

fil'hl)  liiivr  lodi,  Mii'ir  I'pilhrliiini  ;  (hry  nn^'iUvurni  ir(^(jU(Milily  aiul  HI  cases 

(>1  i-rUtilar  tirolll'rration  jiml  iirr  hrroniiuf.'  I’uBrd  Uwn.wv  i 

(.ourihrr,  :.  -15.  M^vcio  tyi)(%  Mu^rc  Huiy  be 

(ibrinouM  (^xinbition,  within  the 
t.ul)(‘s,  aXt(‘n<l(‘({  by  su|)('.rh(M’a,l  n<H‘.rt)His  of  niuc.oHa.  Inlhunmation 
(‘.xi.cndw  usually  io  scu’ous  surfaxa^.  adul  al(^(^o^(ling^y  adhesions 
lonn,  (‘onuuon  r(\sulis  Ixan^’  fusion  of  (lu^  (liu[)rial  (‘ud  with  i>h.e  ovary, 
and  (dosiiro  of  ostiuru.  lh‘o<j;r(\ssi v(^  acaiuiunhitiou  of  pus 

wiiihiii  t'lu^  i.ub(^  occurs,  und  ilu^  la,tt(u*  may  undiu’go  great  dila- 
i.a,tion  nhsuKing  in  a.  spiiulle-  or  sa.usag(^slun)ed  stnudaire,  which  is 
olt(ui  luait  on  iisi^lf  and  vad’iously  a.lt<n’<xl  by  a,dhesi<m,S"  ^  the  eondi- 
i.ioii  ol  pf/omlprNx.  .Lai(u’,  tlu^  pus  may  Ixuionu^  inspissated  and  tlie  seat 
of  cahaireous  d(^, posit.,  wfiih^  tlu^  wall  ma.y  undtu'go  great  thickening; 
the  appea,ra.n<H\  may  simulates  that  in  tnlxuxudosis.  ddio  organisms 
found  iti  th<^  [)us  an*!  luaiidy  gonoeuxau  a-nd  the  ordinary  pyococci, 
but  in  a.  la.rge  proport.ion  of  e.hronh;  ceases  the  organisms  liavo  dis- 
appixinxj  atid  t.be  pus  luis  b(xa)m(^  st(‘.ril(^.  When  the  latter  condition 
is  pres(mt  tlaux^,  is  a  strong  probability  tha.t  tbe  infection  has  been 
gonococcal.  In  gonorrlncal  cmscs,  a-  Ia,rg(^  number  of  plasma  cells 
may  bo  pnhsent  with  polymor[)ho-nu<doar  leucocytes,  both  in  tlie  pus 
and  in  the  int(u‘si,iiia.l  tissia^  ;  and  ibis  (‘.ha.ng(^,  is  by  some  regarded 
as  eharact(U'isti(5  of  tlio  (condition. 

fSalpiugitis  may  pa,ss  into  ii  clironic  st.ato  without  the  occurrence 
of  suppuration,  ddjt!!  HU[)erti(;ial  folds  (^f  the  mneosa  lose  their 
epithelium  a.xid  gi’ow  ioged/htu'  so  that  a  reti(mlatcd  appearance 
is  seen  on  sec'-tion  ;  thus  numerotis  poc^kets  and  depressions  are 
formed  whkdi  are  Ix^liovcxl  to  play  a  part  in  leading  to  extra-uterine 
pregnancy,  in  sonu;  (uihcs  t.lu^  lumen  is  irregularly  narrowed,  especially 


Null'  Miiil.  Mil'  BiiiH'i'lh'iiil  (i)U‘(:i 
fil'hl  )  liiivi'  luiil,  Mii'ir  i*pi(hi'liiini  ; 
ol'  I’l'Utilar  in'ulllt'Patiun  niul  ar 
(.oui'lhcr,  -(5. 
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near  tlie  isthmus,  and  the  epitlielinm  grows  outwards  among  the  muscle 
bundles  and  may  give  rise  to  small  nodules  and  cysts  beneath  the 
serous  coat.  The  appearance  is  reminiscent  of  what  happens  in  the 
gall-bladder  and,  as  in  that  situation,  appears  to  be  a  reaction  to  chronic 
infiammation.  Adhesions  also  may  form  around  the  tube  and  local 
obliterations  of  the  lumen  may  occur ;  clear  serous  fluid  may 
accumulate  within  the  tube,  leading  to  the  condition  of  hydro¬ 
salpinx.  In  its  production  closure  of  the  ostium  or  abdominal  end 
is  the  important  factor,  as  the  uterine  end  so  easily  becomes  blocked 
simply  by  inflammatory  swelling.  The  fluid  in  a  h3’'drosalpiiix  has 
accordingly  sometimes  been  discharged  by  the  uterus,  this  being 
followed  by  re-accumulation.  Haemorrhage  may  take  place  into  a 
hydrosalpinx  and  thus  Jimmatosalpinx  results.  The  blood  usuall}^ 
remains  fluid  but  becomes  brownish  in  colour.  This  bleeding  is 
supposed  to  occur  especially  from  the  congestion  at  the  time  of  men¬ 
struation,  though  mechanical  venous  obstruction  from  twisting  may 
play  a  part. 

Ovaritis  or  Oophoritis.  Acute  inflammation  of  the  ovaries 
is  most  frequently  the  result  of  secondary"  infection  from  the  Fallopian 
tube  by  gonococci  and  the  pyogenic  organisms  (p.  956).  The  inflamed 
end  of  the  tube  readily  becomes  adherent  to  the  ovary,  and  thus 
organisms  spread  into  the  substance  of  the  latter.  Infection  may 
occur  also  from  the  peritoneal  cavity  in  cases  of  peritonitis  due  to 
appendicitis  and  other  conditions.  Ovaritis  may  be  followed  by 
suppuration  either  of  a  diffuse  or  locahzed  character.  Occasionally 
the  whole  substance  of  an  ovary  ma^^  be  destroj^ed  hj  suppuration, 
and  the  abscess  ma}r  reach  a  large  size.  Yaturally,  such  conditions 
are  apt  to  be  attended  by  at  least  local  peritonitis.  While  suppuration 
is  due  chiefly  to  the  ordinary  pyogenic  organisms,  it  may  be  caused 
also  by  gonococci,  as  in  the  tubes. 

Regarding  chronic  ovaritis,  it  is  hardly  possible  to  say  much  of  a 
definite  character,  though  the  condition  is  often  diagnosed  clinically. 
It  may  certainly  supervene  on  an  acute  inflammation,  septic  or 
gonorrhoeal  in  origin.  It  is  usually  attended  hy  chronic  peritonitis, 
which  is  believed  to  interfere  with  the  bursting  of  Graafian  follicles 
and  thus  lead  to  the  formation  of  follicular  cysts.  Gyst  formation  in 
general  cannot,  however,  he  ascribed  to  this  cause.  It  must  be 
recognised,. moreover,  that  the  interstitial  fibrosis  and  scarring  present 
in  adult  ovaries  represent  most  frequently  simply  the  reactive  changes 
set  up  around  corpora  lutea. 


CBEONIG  SPEGIFIG  IBFLAMMATIOBS 

Tuberculosis.  Tuberculosis  of  the  female  generative  organs 
usually  starts  as  a  hsematogenous  infection  of  a  Fallopia^i  tube, 
secondary  to  some  tuberculous  lesion  elsewhere  ;  in  this  respect  the 
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tube  ociurpiivs  a  corn^spoiuling  to  the  opididyini.s  in,  the  male. 

The  tul)o  may  become  in- 
foeiod  also  through  the 
ostium  in  tuberculosis  of 
tl'ie  peritoneum,  though 
spread  in  tlie  revverse  direc- 
tion  is  coinmoner.  The 
tubercle  bacilli  give  rise  to 
tubercles  in  the  interstitial 
/':.i  tissue  of  the  tubal  mucosa, 

:,"i  and  these  soon  lead  to 

ulc;eration  and  destructive  ■, 
;  change,  so  that  the  lumen 

’  becomes  filled  with  caseous 

'  i:nateri,al,  wlule  the  wall  is 

greatly  tliickened.  Soften¬ 
ing  and  accumulation  of 
the  caseous  material  often 
follow,  and  when  the 
1  lumen  is  closed  at  the 

ends,  the  tube  becomes"' 
r  ^  '\  greatly  distended  and 

filled  with  a  caseous  pus— 
11'  ^  r  y  the  comlitkmoi  tuberculous 

I  pyosedpinx  (Fig,  5  82). 

Both,  tubes  may  be  affected 
P  way;  adhesions 

H’ '  ^  tubes  may 

'  bo  variously  bent  or 

twisted.  The  tuberculous 
X  infection  may  pass  by  the 

b  .  ostium  to  the  peritoneum, 

but  it  may  extend  also 
through  the  wall  of  the  tube, 

^  the  surface  of  which  may 

b(^  besot  with  tubercles. 

Kio.r,H2.  |,y,.Hai|.inx.  (..|).Su,-  ''‘'■‘^'■0  i'i«tencos  tuber- 

fa(-(vvi(w  of  tubct, Hhovving  on  Ht'rouH  (‘ulouH  salyviugitis  is  duc  in 

mirfano.  {H)  Vi<uv  of  Hcu-tion  :  nJ)ov(^  a  Inrgn  young  children  to  a  direct 

naHOO\iH  (u)lln<*.iion  in  Uui  iub(^  in  H(Min  ;  bo-  ,  i*  •  r  l*  x 

low,  th<^  ovary  ciontainitig  oyntH.  X  i(.  Spread  oi  infection  from 

the  vagina  (Blacklock). 

T((l.r  (hxtnufot)Ki  of  (Jw  l^'oUophtn.  ToIwh.  JU'oonMy  w(^  luivn  hoou  a  numbor 
of  oxainpb^H  of  olironio  salpingU  iH  a,HHO(Ma,UHL  wiih  sUaMlily,  in,  which  tho  mucosa 
of  Mu')  thu!k<au'(l  l.nlx^H  <’ixhibit.<Mt  luntuo’nuH  (ailxa-chvliko  foJlioloH  devoid  of 
caHoaiion,  l)uf  wilJi  giaad-taUlH  in  wliioli  minuU^  doubly  rolVatting  ciystals  believed 
io  bo  tiuh*-  wt'U^  pu^soni  (RoIxatH).  'IPho  bad  probably  oritored  the  tubes 
from  tiu)  poritouomn,  iid-o  whi<^h  it.  htid  Ix^on  n,(*cidontally  introdiicod  at  a  previous 
laparotomy*  <u,)n(lit.i()n  is  (atnily  misbikon  for  (chronic  tuborciilosis. 


Pm.  582.  Tidxa’culous  pyonalpinx.  (.1)  Snr- 
fa(-(^  vi(W  of  tubo,  nhowing  tulxax'b^H  on  Htu’ouH 
Hnrfat‘Ci,  {H)  Vi<uv  of  H(x'.ti(>n  :  {il)ovo,  a  birgo 
oasootiH  (u)ll(X'iioo  in  tho  tulx^  in  H(aa»  ;  bo- 
low,  th<^  ovary  c;onta.ittitig  cynt.H.  X  i(. 
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Tuberculosis  of  the  uterus  is  usually  due  to  a  descending  infection 
from  a  tube,  and  is  a  not  uncommon  ooniplicatioii.  The  reeogiutioii 
of  tubercles  in  the  endometrium  removed  by  curettage  in  cases  of 
sterility  reveals  that  the  disease  is  comnioner  than  has  been  supposed 
(Sutherland).  Hsematogenous  infection  occurs  in  acute  miliary  tuber¬ 
culosis  and  minute  tubercles  may  be  present  in  the  mucosa,  even  at  an 
early  period  of  life.  Primary  uterine  tuberculosis  is  exceedingly  rare, 
but  the  possibility  of  infection  from  a  male .  s.uffering  from  genital 
tuberculosis  must  be  admitted.  In  the  common  type  of  infection, 
secondary  to  tnberculosis  of  the  tubes,  the  bacilli  settle  in  the  tissue 
of  the  mucosa,  giving  rise  to  tubercles  which  are  often  difficult  to 
distinguish  with  the  naked  eye.  A  condition  of  mseating  endometritis 
may  follow.  Occasionally  obstruction  of  the  lumen  may  occur,  and 
an  accumulation  of  caseous  pus  may  then  form.  Barely  infection  may 
spread  from  the  uterus  to  the  vagina,  and  ulcers  may  be  produced  in 
its  wall.  Tuberculosis  of  the  cervix,  which  is  much  rarer  than  that 
of  the  body,  may  be  attended  by  papillary  excrescences. 

Tuberculosis  of  the  ovaries  is  relatively  uncommon.  Infection  is 
usually  secondary  to  tuberculosis  of  the  tube  and  adhesions  are  often 
present  ;  less  frequently  infection  occurs  from  tubercle  of  the  peri¬ 
toneum.  Infection  by  the  blood  stream  is  exceptional.  The  lesion 
may  be  in  the  form  of  minute  tubercles  in  the  ovarian  stroma,  often 
in  relation  to  the  follicles,  but  distinct  caseous  nodules  may  be  formed. 
In  advanced  cases  the  substance  of  the  ovary  may  be  destroyed  and 
changed  into  a  caseous  mass,  which  is  sometimes  as  large  as  a  hen’s  egg. 

Syphilis .  The  primary  chancre  occurs  on  the  cervix  uteri  in  a 
small  proportion  of  cases,  and  during  the  secondary  stage  mucous 
patches  and  papular  eruption  on  the  vaginal  portion  may  be  met  with. 
Apart  from  these,  syphilitic  lesions  are  not  common  and  are  some¬ 
what  ill-defined  in  their  characters.  Gummata  have  been  described 
in  various  parts  of  the  female  genital  tract,  but  are  rare.  No  doubt 
chronic  interstitial  inflammation  takes  place  here  as  the  result  of 
syphilis,  as  it  does  in  other  organs,  but  without  further  evidence 
there  is  no  means  by  which  its  syphilitic  origin  can  be  definitely 
recognised. 

Actinomycosis.  A  few  cases  of  this  disease  in  the  female  genital 
tract  have  been  recorded.  The  lesions  are  of  the  usual  suppurative 
character. 

V 

TUMOUES 
1.  Utebtis 

Tumours  of  the  uterus,  both  simple  and  malignant,  are  of  frequent 

occurrence  aad  their  characters  constitute  a  subject  of  great  import¬ 
ance.  Of  the  simple  growths,  myoma,  adenomyoma  and  the  ‘  mucous 
polypus  ’  are  most  frequently  met  with,  while  carcinoma  is  the  common- 
est  malignant  growth. 
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Simple  ^I’ynioiirs.  Mij(uua  (IxM()niy()n);i).  Tim  iuinoiir  forms 
a  (‘irciiniscrilHMl  .‘growth  of  non  stripod  inusch'  alon^n;  with  supporting 
eonnectivo  tissm^  winch  may  ho  abnndanf,  i(,  is  tlms  often  called  a 

libromyoina  or  a  '  fibroid.’ 

^  ,  *V  ,,  inyornata  are  the 

/oi  \  (u>mmon(vst  of  all  tumours 

o(5(uir  in  more  than 
women  over 

'"’WSi  ho,  th()ngli  in  a  e()asidcrable 
/  ‘  ■'  -O^  j)roj)oiii()n  of  eases  they  do 

nnh  r(’!a(ii  a*  great  size.  The 
.  growths  may  be  single  or 

\  f  '  multiple,  ami  in  tho  latter 

\v  )’  ^  ca.s(M)ne  is  often  much  larger 

tha,n  tlu^  otliers.  A  myoma 
c  usually  starts  in  the  sub- 

sl»anee  of  the  wall-— it  is 

Kkj,  r»s!i.  Ijnrao  sul»imH',<>us  myoma,  of  I'luui  (h^serihed  as  inta/f- 

ui.(H’us  proj<'r.(,inn  ('lirou'di-  i-l»o  (MM’vix, ;  Htltlal  op  inlramimil.  But 

i,h(^  ova,ri<..  a.Hl  (uIh^s  a-n.  s<Mai  a,)M»v<^  enlargement  takes  place 

it  (u\pa,nds  in  one  of  two 
diriHifons,  viz.  into  tlu^  <’,avitv  of  th(^  nlnrus  snhiwHcmis  type™~or 
upwa,rds  umUa  (li(‘  p(a’ltonenm  subscmuf^  typ(‘ ;  or  tlu^  growth  may 
he  of  (‘itluu*  of  (ypi^s  from  t.ln^  onts(i..  A  suhmue.oiis  myoma 

(expands  tlu^  nt<vrin<%  cjivity,  a,nd  may  |)roj(H*t  iihrongh,  the  os  as  a 
p(ul une.ulal(Ml  mass  (Kig.  5Si)  ;  o(*.(!asionally  it  l)(‘(u)nu\s  expelled  by 


Kkj,  r»s:i.  submuoous  myoma,  of 

ul.(H’us  proj<'r.(,in<':  (.liroufdi  t.ho  (Mirvix,  ; 
l,h(^  ova.ri<'s  a.nd  (uIm'S  a,r<'  s<'(mi  a,)>ov<i. 


diriHifons,  viz.  into  tlu^  <’,avitv  of  tlu^  nlnrus  nnhuiHams  type™~or 
upwa,rds  umUa  (li(‘  p(a’ltonenm  .sidhsrroKs  typ(‘ ;  or  tlu^  growth  may 
he  of  (‘itluu*  of  (ypi^s  from  t.ln^  onts(i..  A  suhmue.oiis  myoma 

(expands  tlu^  nt<vrin<%  cjivity,  a,nd  may  |)roj(H*t  iihrongh,  the  os  as  a 
peal une.ulal(Ml  mass  (Kig.  5Si)  ;  o(*.(!a,sionally  it  l)(‘(u)nu\s  expelled  by 
tln^  hyp(‘rlropiru‘d  iitmais.  iii(‘  growlih  i,(mds  U)  h(H*-ome  ulcerated 
and  t.h(^  s(‘a,t  of  sceptic;  infcHiiion  ;  s<w'er(^,  luemorrhage  is  a  common 
rc^sidt,  a,nd  if  th(‘  lamiour  is  noli  i’<unov{‘d,  ma,rk(Hl  aiiijemia  and  cachexia 
may  follow,  A  suhscu'ous  myoma,  passc's  upwairds  as  it  grows,  and 
ofUui  e.onu's  to  ha,V(‘,  a»  distine-t  mniv  or  p(ali(-l(v  It  nuiy  r(^a,cli  a  great 
siz(%  sonuiinuNS  weighing  ,U)  kg,  (twamiy  nr  luoia^  pomuls),  and  may 
taiuse  gr(aiti  a.hdomina,l  swashing.  Also,  Ui  sup(a*licia,l  myoma  may 
pa,s,s  IxiAvaaai,  and  open  oui,,  tln^  hiyas's  ol  i/he  hroad  ligament. 

A  tnyoma,  is  usna-lly  of  (inn  a,nd  som(wvha.t  elastic  c.onsistence, 
w'ith  r(‘gula,i’  and  vv(^ll  ahdined  oniliiu^  ;  1-lu^  (Uii/  sur(a,(ie  is,  as  a  rule, 
pahw  tha,n  ilu^  nlcu'itu^  wall  a.nd  shows  a  peculiar  concentric  or 
whorkal  marking  produeaal  h}'  i-lu^  hnudh'S  ol  mus(‘,l(^  lihres  (Kig.  115). 
()(a*,asiona,lly  tlu',  growth  is  (•,ompos(al  of  a,  numlxa*  ol  foci  and  has 
a  uodiihir  ouilim*  (‘.ongionua’a-ic^  uiica'oscopic  characters 

have  already  Ixum  (l(\s(‘,rih<aL  Soimdimi^s  a,  myoma  becuvmcs  soft  in 
(;onsist(mc(^,  owing  i,o  nnirktal  (xahmui,  whi(‘,h,  is  attended  by  a  dis- 
appearaiuie  of  tlu^  colla-gxai  fibr(‘s  and  of  tlu^  m,us(*J,c  colls  ;  or  it  may 
become  my,x,o‘matous  in  pari,s  (Fig.  584).  Idu^so  changes  may  become 
so  pronouiuaal  that  tlu^  tumour  acupiin's  a,  fluctuating  character  and 
(dinically  may  simula-h^  an  ova,ria,n  cysi,,  41ie  t(u‘m  ‘  cystic  myoma 
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is  sometimes  applied  to  such  a  condition.  Xe(*rosis  aho  may  take 
place  from  thrombosis  of  vessels  or  from  twist  in, e  of  tht^  pedicle, 
and  softening  of  the  tissue  .may  follow  ;,  this  may  be  acc(uiipanied 
by  haemorrhage  hito  its  substance — red  softening.  Tills  change,  the 
causation  of  which  may  be  obscure,  is  commoner  when  pregnancy 
is  associated  with  the  tumour.  At  the  menopause,  uterine  myomata 
usually  cease  to  grow,  and  undergo  a  process  of  fibroid  atrophy,  so 
that  considerable  diminution  in  size  results.  The  muscle  cells  atrophy 
and  man}^  may  disappear,  wAile  the  stroma  becomes  increased  and 
hyaline  (Fig.  585).  Deposition  of  lime  salts  often  occurs  in  the  hyaline 
stroma  and  ultimately  the  tumour  may  be  changed  into  a  hard  stony 


mass  or  ‘  womb-stone.’  Even  in 
a  calcified  myoma,  when  sa^\m 
thi'ough,  the  characteristic  con¬ 
centric  markings  may  be  dis¬ 
tinguished.  Although,  as  has 
been  said,  a  myoma  is  usually 
less  vascular  than  the  uterine 
waU,  in  some  examples  a  marked 
development  of  wide  vessels 
OQGXix^—telcingiectatic  foTVCi]  and 
in  others  again,  though  more 
rarely,  wide  lymphatic  spaces  are 
formed.  Occasionally  sarcoma¬ 
tous  change  may  arise  in  con¬ 
nection  with  a  myoma,  and 
secondary  growths  may  follow. 

Sometimes  the  origin  of  the  cells 
of  a  sarcoma  may  he  traced  to 
the  muscle  cells,  the  tumour  then 
being  really  a  myosarcoma.  The 
development  of  true  sarcoma  in 
connection  with  a  myoma  is, 

however,  comparatively  rare.  ^  . 

Admomyoma  or  uterine  endometriosis.  This  is  a  condition  m  which 

there  is  associated  growth  of  glandular  tissue,  stroma  and  non-striped 
muscle,  within  the  wall  of  the  uterus. 

Within  the  uterus  it  is  met  with  as  two  tj^ies,  a  diffuse  and  a  more 
circumscribed.  The  diffuse  form  occurs  chiefly  in  the  imier  part  of 
the  muscular  tissue  of  the  uterus,  sometimes  in  one  part-,  sometimes 
all  round  the  cavity,  the  uterus  being  enlarge^d.  The  growth  presents 
a  somewhat  nodular  appearance  with  whorling  as  in  a  myoma,  and 
in  the  muscular  masses  there  may  be  small  translucent  areas  an 
spaces  which  represent  the  glandular  tissue.  The  outer  part  of  the 
Aexme  wall  is  usually  unaffected,  and  the  line  of  the  demarcation  is 
not  so  sharp  as  in  the  case  of  an  ordinary  myoma.  In  the  circumscribed 
form  nodular  masses  of  gro^^dh  occur,  which  are  usually  multiple,  and 


- - —  V- 

Fig-  584. — Myoma  of  uterus '  under¬ 
going  mucoid  change. 

Note  the  clear  material  accumulating  between 
the  muscle  cells,  x  250. 
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tJ}(\v  (umu*  1.0  iofivi  sub!ini(H)us  or  HubjHM'it.on(^a.l  ])roj(‘.c.ti()ns.  Hie  latter 
may  rtaieli  a  vory  lar^x'  sizo  a.ial  oftx'n  mx'  Ihv  scaU,  ol'oysts  witL  altered 
blood  in  the  oonkaibs.  TJie  (liirus(‘  roian  is  tlu'.  (u)mmoiua;  and  lias 
Ixxai  (allied  an  Oidcuuxmyosis/  (Lou^h  tlu^  e.ondition  a.i)j)oars  to  be  of 
ih(‘-  sa.nu*.  nabuix'  a,s  tla^  tiimour  nuisscxs.  !i,  is,  lu)vv'ev(‘r,  very  improb- 
a,bl(^  Unit  (dtlua*  (xaidition  is  a  t-nu^-  mxypbism.  On  mi(‘,ros(*x>))ie  cexaiuina- 
iiou,  l-lu'  ,a'0'i‘(bda.r  l.issim  is  wxni  l.o  b(‘-  e.om|)os(Ml  of  biximLing  slits 
wil.h  t.ubular  a.ial  a.einous  struetuix^s,  Jimal  with  <a)liunnar  epithelium 
a.nd  usuaJly  surroumhal  by  a.  (*.om|)a.ra,ti,V(dy  (xdluhir  tissue  likc’j  that 
ofl  lu^  atari iu‘  mueosa.  ( h^ig.  bSG).  But-  it,  ma,y  b('  n^.ga.rded  as  established 
that  t-luygla.mlula.r  t  issue',  ix'.pix'se'nts  prolongations  of  tlu'.  uterine  mxicosa, 
wliieh  grow  in  association  witii  the',  niyoma.tous  t-issiue  Tlu'.  (H)ntimiity 
of  tlu'  gla.ndular  tissue  with  th('  lining  (^pithedinm,  of  t,h('.  uterus  has 


irio,  5B5.  .  Myoma  of  ukaam  nu(l<a*going 
tihrouH  (^luingt^. 

NoU)  tliu  liU'Uo  amount,  of  hyallm*  r(lnlu^t’.Uvu  Usuuu* ; 
Urn  numolu  ccUh  appear  dark.  (U.  11,  W.)  a  00. 


r>8().  AdiMioinyoriui  ofj  uterus 
sljowing  ticioi  \vit,U  c.olluku’ stroma 
liuisclo  Ih  soon  at  Jowt^r  part.  X  45 


iK'en  (ksiahlislu'd  by  nuains  ofsc'rial  scatt  ions.  condit.ioii  is  accord¬ 

ingly  now  ofUm  known  as  a,n  v.adomvh'iosis  of  lh(‘.  uk'rus  a.nd  is  btdtor 
ix^ga-rxled  a,s  an  a,(a(uir(al  ludit'rotojiia,. 

Bleeding  soinetiine.s  oecuirs  into  tlu^  glandular  spacers  of  an  adeno- 
triyonui,  and  this  is  nsually  aldiributcnl  to  congestion  of  the  glandular 
tisBiKi  during  numstrua-Uou,  just  as  in  tlu^  interior  of  the  uterus.  The 
usual  alterations  may  otsair  in  th(^  blood  in  the  glandular  spaces 
Further,  during  prx^gnarmy  deeidual  ctdls  have  Ixxm  observed  to  hav 
formed  from  tlu^  imdudtxl  lnt(xrstitial  tissue  round  the  acini. 

Pdvic.  vie.  Growths  of  thssiu'.  rc^seinbling  endo- 

m(d,riiun  a, re  mxd,  with  outside  tlu^  utcams  and  the  term  ‘  endourntrios 
has  been  applied  to  smdi  conditions.  In  tlu'.  ovaries  there  occur  cysi 
containing  tarry  or  ehoeolatt^  inattu'ial,  and  in  the  lining  of  these 
tissu(‘.  like  endometrium  may  b(^  presiuit  ;  the  alt(u:ed  blood  is 
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result  of  hsenioiTliage  _  during,  iiienstraation  (p.  969)..  Eiidoiiietriosis 
is  found  at  various  other  places — on  the  peritoneal  surfaces  of  the  lower 
part  of  the  abdomen,  on  the  appendix  and  intestines,  at  the  umbiMcus, 
etc.  It  has  been  also  observed  on  the  outer  aspect  of  the  uterine 
wall  extending  inwards,  in  the  recto-vaginal  septum,  in  the  inguinal 
canal  and  round  ligament,  and  in  laparotomy  wounds,  especially  after 
caesarean  section.  The  condition  is  iadicated  at  an  early  stage  by  the 
occurrence  of  reddish  or  purphsh  patches,  and  hi  these  there  is  a 
glandular  structure  accompanied  by  a  stroma  like  that  of  the  uterus. 
In  most  of  the  situations  mentioned  bleeding  into  the  lesions  has  been 
observed  to  occur  duruig  menstruation  and  in  some  instances  the 
formation  of  decidual  cells  has  occurred  during  pregnancy.  Endo¬ 
metriosis  is  met  with  only  after  puherty ,  and  it  is  agreed  that  the 
epithelium  in  it  corresponds  in  all  details  with  that  of  the  endonietriuin. 
There  has  been  much  discussion  as  to  the  origin  of  endometriosis. 
One  view  is  that  the  condition  is  due  to  transplants  of  small  portions 
of  uterine  epithehum  shed  during  menstruation  (Sampson)  ;  such 
epithelium  may  stimulate  the  production  of  a  stroma  like  that  of  the 
endometrium  and  it  is  unnecessary  to  suppose  transplantation  of 
stroma  also.  Such  portions  of  endometrium  have  been  found  vithin 
the  Fallopian  tube,  and  it  has  been  observed  that  blood  sometimes 
escapes  from  the  peritoneal  extremity  at  the  menstrual  period. 
Peritoneal  endometriosis  is  often  associated  with  tarry  cysts  in  the 
ovary,  and  it  is  believed  that  one  of  these  may  rupture  and  endometrial 
tissue  may  spilled  over  the  peritoneum.  The  other  view,  that 
endometriosis  represents  the  result  of  metaplasia  of  the  serosa  of  the 
peritoneum,  is  widely  held  in  Germany.  The  former  view  seems  to 
us  to  be  more  probable  and  the  ease  with  which  endometrial  fragments 
become  implanted  in  laparotomy  wounds  after  hysterotomy  supports 
this  interpretation. 

Uterine  Poly'pus.  This,  the  commonest  simple  tumour  of  epithelial 
origin,  may  be  regarded  as  a  local  outgrowth  of  the  mucosa — often 
called'  a  mucous  polypus.  Tumours  of  this  nature  grow  from  either 
the  body  or  the  cervix.  In  the  for:^er  situation  they  are  blunt  or 
rounded  projections,  though  sometimes  pedunculated ;  in  the  latter, 
they  are  often  pear-shaped  and  project  through  the  os  uteri,  being 
then  especially  prone  to  cause  irregular  bleeding.  The  surface  is 
usually  relatively  smooth,  sometimes  it  is  papillomatous,  and  sometimes 
cysts  are  present.  Their  size  is  usually  comparatively  small,  rarely 
exceeding  that  of  a  walnut,  and  they  may  be  either  single  or  multiple. 
In  addition  to  bleeding,  they  may  become  the  seat  of  septic  infection 
which  may  extend  to  the  uterine  mucosa  ;  occasionally  they  become 
necrotic.  A  pol^^pus  consists  of  a  vascular  core  or  base  covered  by 
a  mucous  membrane  with  glands  which  correspond  to  those  of  the 
corpus  or  cervix,  though  they  are  more  irregular  in  their  arrangement 
and  often  contain  retained  secretion.  Sometimes  the  glands  are 
specially  developed  in  relation  to  stroma,  so  that  an  adenomatous 
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i\'|)e  iM^sults  ivnd  uviy  sfx^jik  oT  a.  jXMiinuailaLMl  adanoina.  The 
(H)!ViUHd.ivo  tissue'  coi-e'  ina.y  Ix^  (Mdlula.r  n.nd  vasevular,  or  relatively 
librous.  A  (*(a'vi(^al  polypus  nuiy  1k'  eovauH'd  in  whole  or;  in  part  by 
strabiHed  sepuunous  e'piHu'limn.  IN)Iypi  ina.y  dewelop  in  association 
with  iivflainnud.ory  (M>nditions  or  with  hype'rphisia,  ot  t.hc  imicosa  but 
ai’t^  inel-  with  apa-ib  iVoin  any  suuli  cu)nditions. 

Mali^oanl;  Tumours..  fUircinomn  of  the  ut(;rus  is  a  growth  of 
tnupuait  otuuirnuKu;  and  euiust^s  wid(\sprea.d  dtvstrue.tive  changes.  Two 
forms  a.n^  to  lu;  distinguisiuMl  aeu^ording  to  the  sites  of  origin  ;  namely, 
cancer  af  the  cerrir,  which  may  originabe  from  tlui  epitlielium  of  the 
vaginal  f)orth)n  or  from  that  of  tin;  corvi(;al  canal,  and  cancer  of  the 
hod  I/, 

(hoi'ical  carefmana  is  much  tin'  (ujtritiuyiua*,  and  is  usuaJly  but  not 
invariably  n'latnd  (.o  old  huM'rabions,  erosions,  etc.  For  this  reason, 

it  is  ;iu('t  with,  ehi(;lly  in  women 
who  iiavc;  h<)nu;  (thil(h;en,,  espem^^ 

^^  *  «**"'  .  lihos(;  who  luiva;  passed  through 

sevu'iad  pn'gnaju‘,i(;s.  It  occnirs  at  an 
('arli(M*  age  than  cancer  of  the  body. 
Wlnh;  th„c  iricidoncc  of  ,  cervical  ; 

;■  ^  (;an(U'r  is  Ivighcst  in  the  decade;:': 
•If)  5.'“),  more  tlian  a.  qnarter  of  the^; 
(;as('s  a.i’('  mc;t  with,  in  the  ■previoua;:v^ 
'  ‘  d('ead(;  (\¥ilson).  The  growth  pre- 
""  S(;nl.s  Hu'  ordinary  c.haracters  of 

a,  sup(‘rli<uaJ  (air(‘nH)nui,  starting 
usually  a.s  a.n  irngular  induration 
Flu.  5S7.  Fa-rcinoma.  of  aiM'vix  wldeh  und('rgo<;s uhuu’ation  (Fig. 587), 
ukvn  in  |nH,..0HH  of  nle, Unn.  ,,,  ,,  ,,,,1, 

(lowc'r  ('X(;r(;sc.(;ue(;.  Th(;ro  is  the 
usual  iidilirabivi'  sprisul.  uhx'rativc'  (h^struef.ion  is  often  a  [irominoiit 
Icaturiu  a,n(l  tin'  (U'rvix  may  gra,<lua.lly  Ixs'.onu;  ('at.cm  away.  Lym- 
phatii;  invasion  nsiudly  omuirs  at.  a.n  ('arly  piu’iod  and  the  parametrium 
may  lx;eonu;  iidilt  rat-i'd  ;  lu'ia;  a-lso  uhxu-a.lion  of  the  growth  may  take 
phuu;  a,.ud  soimd-imes  a,  (istadous  opiming  forms  into  tin;  bladder,  which 
results  in  scqitie  iidbution  of  the  lai-ter.  I'hc  lower  (uids  of  the  ureters 
Tua,y  lx;  involved,  and  partird  or  e(inv|)ieto  obstrnetion  may  ensue. 

ri'gioiuil  lymph  nodi's  ari'  involviul  a4<  a,n  (;arly  date,  while  later 
tin;  pmltoiu'um  may  lx;  invaded.  IVl(;tasta.ses  may  (xxair  in  other 
visiwra.,  livt'r,  lungs,  (d  iu,  hut  tlu;}^  an;  r(;lativ(;ly  muu )rn moil  until  th 
lo(!al  diH(;as(;  is  well  a-dvainu'd.  (^('rvierd  catuier  is  tlius  a  growt^ 
whieh  l(;ads  to  ('n-rly  lymphnbh;  inva-sion  and  causes  (;xtensiv(;  destrn 
tiv(;  chang{;s  loe.aliy.  llist.ologie.ally,  its  origin  can  he  traced  in  mo 
eases  i.o  tin;  strabiti(;d  epitlu;lium  oniu;  vaginal  portion.  The  go 
is  usually  (jornposiul  of  solid  and  broad  masses  of  infiltrating  opith 
(Jells  without  forma-tion  of  (;elhn('sts  (Fig.  588).  Sometimes,  howev 
typical  ooll-nests  ans  prc;H(;ut.  'rho  colls  may  show  considera 
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aberrations  in  form  and  in  nuclear  character.  In  a  certain  proportion 
of  cases  of  cervical  carcinoma,  the  grovdh  has  the  structure  of  an 
adenocarcinoma,  tliis ,  probably  being  the  form  when,  t.he  origin  has 
been  from  the  glands  of  the  cervical  canal  or  from  a  cervical  tn-osioii 
where  metaplasia  of  the  covering  epithelium  has  occurred. 

The  common  epidermoid  t5^e  of  carcinoma  of  the  cervix  is  rela¬ 
tively  sensitive  to  radiation  and  a  considerable  amoimt  of  success 
has  been  attained  by  such  treatment.  In  accordance  with  the  general 
law,  the  sensitiveness  varies  according  to  the  degree  of  de-differentia¬ 
tion  of  the  cells.  The  most  anaplastic  types  of  growth  are  the  most 
sensitive,  those  with  well  marked  ceU-nest  formation  the  most  resis- 


B’la.  ^88— Carcinoma  of  cervix  uteri,  showing  infiltrating  masses  of  epithelial 
colls  witliont  formation  of  cell  nests.  X  loO. 

tant.  Kg.  588  is  an  illustration  of  a  growth  occupying  an  intermediate 

^°%a^dnorm  of  the  body  of  the  uterus  is  much  less  common  than  the 
cervical  variety.  Statistics  vary,  but  the  relative  frequency  of  the 
two  forms  may  he  stated  to  be  about  1  : 20.  Cancer  of  the  body 
occurs  at  a  later  period  of  life,  being  very  rarely  met  with  before  the  age 
of  46,  and  there  appears  to  be  no  relation  to  pregnancy.  It  is  a  com¬ 
mon  cause  of  uterine  bleeding  after  the  menopause.  The  ^owtb  is 
at  first  localised  and  appears  as  an  irregular  nodular  thickening,  or  it 
may  form  masses  of  somewhat  soft  firiable  consistence  projecting  mto 
the  uterine  cavity  (Kg.  589).  Not  infrequently  it  extends  over  the 
lininv  of  the  uterus  in  a  diffuse  manner,  though  rarely  posing  into 
the  cervix,  and  the  inner  part  of  the  muscular  wah  is  gradually  <tes- 
troyed.  Lvunphatic  invasion  occurs  here  also,  but  at  a  somewhat 


majority  of  ras('s  (ho  ,ii;ro\vi.h  is  an  ai<l(Mi(>(uin^^  tlic  epithelial 

(*(‘lls  Ixan^'  of  a.  rolimuiar  t.yp(‘  with  aitwj)i{‘al  g'la.ii(l-lik(^  anmigein^^^ 


Km,  590.  A<l<,u)0(NU'ciiu)inn,  of  body  of  uUa*us,  Hhowin^j;  papillifonu  type  of 
growth  aad  tilso  iatillratioii.  (*1.  K.  H.)  X  75, 

(Fig.  WH)) ;  t.liougli  ill  piu'l.s  Ui<i  (^litholiuin  may  grow  in  Holiti  Htrands, 
TIuh  typo  of  o.anoor  in  moro  ra-dio-roninl.aiit  tlian  l.lm  ooniiuoii  type  of 
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carciiioiiia  of  the  cervix.  Cases  are  sometiiiies  met  vitli  in  which  the' 
structure  of  squamous  carcinoma  with  cell- nests  is  present,  either 
along  with  the  usual  structure  or  throughout.  Carcinoma  of  the 
uterine  body  is  sometimes  extremely  aberrant  in  its  histological 
character,  with  many  enormous  multi-nucleated  cells  containing 
multipolar  mitoses. 

Sarcoma  of  the  uterus,  though  much  less  common  than  carcinoma, 
is  by  no  means  rare.  It  may  originate  in  the  mucosa  and  may  form 
a  large  cellular  mass,  or  it  may  grow  more  diffusely  in  the  mucosa  and 
cause  destruction  of  the  glands.  In  other  cases  it  starts  in  the  muscular 
wall,  and  in  a  certain  proportion  of  these  in  connection  with  a  myoma. 
Sometimes  the  origin  of  the ,  growth  can  be  traced  to  the  muscle  ceUs, 
in  which  case  the  growth  is  to  be  regarded  as  a  myosarcoma.  Uterine 
sarcoma  is  usually  of  the  spindle-ceU  t3^e,  and  this  is  the  rule  when 
it  originates  from  a  myoma,  but  the  round-cell  and  mixed-cell  Tarieties 
are  met  with.  Chondrosarcoma  is  occasionally  observed,  the  origin 
being  unknown.  Rhabdomyosarcoma  may  be  mentioned  as  a  rare 
polypoid  growth  of  the  cervix  in  ^nung  children,  forming  the  sarcoma 
botryoides  which  projects  from  the  os  as  a  cluster  of  blunt  clubbed 
processes. 

Chorion-epithelioma  is  described  below  (p.  980). 

2.  The  Fallopiah  Tubes 

Simple  tumours — fibroma,  myoma,  adenoma — and  small  cysts 
sometimes  occur  in  connection  with  the  tubes,  and  malignant  growths, 
both  carcinoma  and  sarcoma,  are  occasionally  met  with;  also  cases 
of  chorion-epithelioma  as  a  sequel  to  tubal  pregnancy  have  been 
recorded.  AU  forms  of  growth,  however,  are  relatively  rare. 

3.  The  Ovaeies 

The  tumours  of  the  ovaries  are  of  considerable  variety  and  some 
of  them  present  features  of  special  interest  and  importance.  Both 
solid  and  cystic  types  are  met  with,  the  latter  occurring  much  inore 
frequently. 

"  Simple  Tumours.  Of  the  solid  simple  tumours  of  the  ovary  the 
fibroma  is  the  commonest.  It  is  usually  comparatively  small,  but 
sometimes  reaches  a  large  size,  and  it  is  occasionally  accompanied,  by 
wasting,  ascites  and  hydrothorax  (Meigs  and  Cass)  these  disappear, 
,'  when  the  fibroma  is.  removed.  All  transitions  to,  sarcoma  are. met. 
with.  Adenomyoma,  with  formation  of  cysts  and  luBmorrliage  into 
them,  is  described  below  (p.  969). 

Cysts  AHD  Cystic  Txjmoues,  Cysts  of  the  ovaries  form  an  import¬ 
ant  group  of  abnormalities,  and  of  these  some  represent  simple  exuda¬ 
tion  cysts  derived  from  follicles  or  other  structures,  whilst  others  have 


X iM  )(„)l'v,  OF  I"A1:1:IX):L()G  Y' 

ihv,  ciiJirjuTti'.rH  ()f  tumours.  Wo  sliaJi  give  the  main  features  of  the 
(Hihvreiit.  ty|)es. 

.^VY/uwf/ur  cj/d^  formed  by  tlu’;  (liia,tation  of  Graafian  follicles 
Ifiough  sonud.imes  from  (jorpora  hdcNi  imv.  JoUlrular  vt/d^  ajid  corpus 
hifcKNh  ci/dr\  respectively.  Yhe  form(‘r  usuafly  multipk^  and  the 
surfa,ee.  of  i-hc^  ovari(\s  uiay  l)e  beset  with  tlieni.  As  a  rnlo  they  are 
sniali,  bui>  otu'asioiudly  a.  c.ysii  may  laare-h  5  7  (vin.  in  diainoter  ;  they 
a,r(‘  g<'nera.lly  f>r(‘S(ait.  in  both  ovaj‘i(\s  and  may  leaal  to  a,tro|)liy  of  the 
ova.rijin  substaiuMv  a,!‘e  uniloeadm',  but  a,dja,ceut  eysts  may 

b(uu)nu^  (^onlhumt  :  l  luy  ha,V(^  ordimvrily  clear  scu'ous  (uxnixmts,  though 
soiiKVtinu'S  laM'.ent.  or  afi^aMul  blood  may  be  juxxsivnt.  Oeeasioually 
i;ousi«hM’a.blt‘  la*emori’luige.  l^dvcs  ])hiee  into  a^  hyge  cyst,  forming  a 
luematoma,  and  t  his  in  its  turn  may  burst  into  tlu^  pca-itoiuail  cavity, 
t^'oiraadar  (*vstn  have  a  smooth  wall  whi(‘h  is  limvl  by  a,  single  layer 
of  e.uhical  or  eohinmair  e|)itlKdium  ;  sometbm\s,  Imwevau*,  tlie  epithelial 
lining  may  be  lost..  In  fln^  smafler  cysts  ova<  may  be  present.  The 
ef)r/>/os’  lulcunh  rt/shs  nvo  fornual  by  (^xmhition  of  fluid  into  corpora 
lul(‘a.,  and  their  ehara.c.t(‘rs  vary  ac.e.ording  to  tiu^  stage  of  formation 
of  t.he.  hitfm-.  Tlie.  wall  is  oftim  librons  or  hyafino  without  distinct 
<‘pit.h(‘Iial  lining,  and  lubmi  ecdls  desrived  from  tlie  rnembrana  granu¬ 
losa,  may  b('  pr(‘s<Md,.  Sonudittucs  tilu^se  e,(dls  a,r(^  abundaait  and  form 
a.  yellowish  laym'  visihh^  to  tJa^.  nafoul  <y'<y  and  nsually  thicker  at 
on<^  sid(^ ;  tb('-  ((‘rm  hilviu  rif.sl  is  tlum  a,ppli(Ml.  The  Intcin  cells 
a.r(^  of  com j)a.rativ(^ly  hug(^  si/ay  rounded  or  j)olyh(Mlral  in  form,  and 
contain  abundant  fatty  matxu'iaf  and  also  a,  yellowish  f>igmont.  They 
may  form  a,  l)road  zoiu^  whi<‘.h  is  surroumhal  and  partly  invaded  by 
eonn(M‘t  iv(^  t  issme  It-  may  b(^  adchul  t-ha-t-  lubdn  (adls  may  .be  pre¬ 
sent  in  eonsi(l<‘ra,hl(^  uumlx'r  also  in  tnu^-  follicuhir  (ysts,  and  in  this 
(ms(^  t-luy  ar(^  <hu'iv(Ml  from  t  h<^  t-lnaai  int-(‘.rna,  not  from  the  memhrana 
gra-uulosa,  ihvcaAtiUdn  cifds.  ()(‘e.a,siona,lly  such  cysts  arc  numerous 
and  giv(^  ri.st^  to  polyaystic  ova.ri(\s  with  mdargement  (Kig.  591).  They 
n‘pr(‘.se.nt-  at-ndie.  follitdi^s  witb  luinhv  format-ion  and  have  been  sup¬ 
posed  in  result-  from  ahnoi'mal  pit-uit-a.rydik(^  inflmnee.  Ovaries  with 
sindi  (‘\'sts  hav(‘  Ixsai  Ibuud  in  a,  (M>nsi(lera-l)l(‘.  proport-ion,  of  eases  of 
ehoriona^pit'ludioma.  and  hyda-t-id  mohy  th<‘  hormom^  in  suel,i  eases  being 
rorm.tMl  by  Gu^  tf'ophohlast-ie.  (‘jiit-ludimn. 

Idle  forma-1. ion  of  folli<‘.ula.r  e,yst-s  is  supposcxl  to  ho  favoured  by 
t-lu^  pr(*H<m(a‘,  of  a, (Hussions,  or  by  sup(n‘ti(da,l  int la-nun atory  change  in 
t-lu^  ova-ri(‘S,  hut.  Novak  si-af  tss  t-luit  tru(‘  '  rebntiion  ’  eysts  show 
d(g(n(wa-t.ion  of  t-lu‘  granulosa,  (udls  a,nd  loss  of  hormomd.  activity.  It 
must  Ix'  adniit.t,(Hl,  how<‘V(uy  that-  t-lu^  origin  of  tlu^  eysts  is  often  obscure, 
as  is  a, Iso  t-h<Mr  ixda.i  ion  t-o  (’mudional  disi-urba,ne.(a  A  eyst  may  rupture 
iiit-o  l-h(^  hmum  of  the  adlua’^ad-  tidx^  a,nd  a-  (nho-onandu-  cj/d.  thus 
n^sult. 

Snudl  cysts  a,r(^  oceasionally  found  in  the  ovarms  of  children, 
and  llu^H(‘,  Inivc:  heum  aserilxxl  to  a-hnonna-litics  in  the  formation 
and  growth  of  the',  follie.bs.  llic  tcvrm  small  cystic  degeneration 
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has  ]:»een  applied  to  the  condition,  and  inaiiifestiy  larger  c\ysts 
may  be  formed  from  them  at  a  later  period.  It  has  been  suggested 
that  c^^stic  tumours  of  the  ovaries  may  develop  from  t,hese  small 
cysts. 

Ovarian  Hveniatomata  or  '  Tarry  Cysts.'  These  may  be, formed  in 
two  ways.  In  the  first  place  hsemorrhage  may  take  place  in  a  foIli.ciilar 
cyst,  forming  a  hsematoma,  and  the  same  sometimes  occurs  .into  a 
corpus  luteum  cyst ;  the  blood  then  becomes  altered  in  colour.  In 
the  second  place  ‘  tarry  cysts  ’  or  '  chocolate  cysts  ’  are  met  mth,  in 
which  it  is  found  that  tissue  like  endometrium  is  present,  and  this 
appears  to  invade  the  ovarian  tissue.  The  appearance,  in  fact,  corre¬ 
sponds  with  that  seen  in  an  adenomyoma.  The  view  now  held  by 


59i.__Cystic  ovaries,  .showing  large  theca-lutein  cysts.  The  ease  was 
one  of  hydatidifbrm  mole.  X  I- 


many  is  that  such  tarry  cysts  are  the  result  of  transplantation  of  endo¬ 
metrial  cells,  which  are  shed  during  menstruation  and  are  sometimes 
carried  backwards  along  with  blood  into  the  FaUopian  tube  ;  thence 
they  reach  the  ovary  and  become  implanted.  The  new  tissue 
cnradually  encroaches  on  the  ovarian  tissue  and  hsemorrhage  oecms 
kto  it  from  time  to  time.  It  may  be  noted  that  at  a  late  period  fhe 
elements  of  the  endometrium  may  be  no  longer  recogmsable.  1  e 
lesion  appears  first  as  a  hEemorrhagic  area  near  the  surface  of  the  ovary 
and  graduaUv  extends  till  a  cyst-like  space  filled  with  altered  blood 
results.  The”  question  of  the  origin  of  such  tarry  cysts  is  the  same 
as  that  of  endometriosis  in  general  and  has  already  been  discussed 

MvMocular  or  Compound  Ovarian  Cystoma  {Cysiadenama  Pseudo- 
mucinosum).  This  tumour  is  of  great  importance  on  account  of  its 
relative  frequency  (it  constitutes  rather  more  than  oOper  cent,  of  all 

II*  . 


trill 
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ovaj'ian  i.iniH>ui\s)  jiiui  tPo  scMious  ,r(\sn!i.sa|)r()(luco(i  by  it  wiieri  loft 
It  is  usiiaJly  unilalaa'Ml,  thougii  ()(HiaHioiiaJly  tliere  is  a 
tiiiiHHir  in  (^ach  ovjiry,  a.iid  not  iiifrociuoiitly  it  reanlios  an  enormous 
size.  Id  |>r(v.o|)(a’a,tion  days,  eystic?  tuniours  weighing  25  kg,  (fifty 
pounds),  or  (na*n  niorc^  aa'o  ree,()r{!(3d, ;  a,t  tliat  time  tliey  were  tieated  by 
ta.i>piug\  but  tlu3  ilnid  rapidly  raejuantniulatiMl  owing  to  tlie  enormous 
(3xieni,  of  t!u^  seeiavting  epitlielial  suifaee.  A  inultiloeaibir  (cystoma 

is  usually  rounded  and 
e.onj  parati v(dy  smooth  on 
tlie  suria,ee,  and  though 
i.t  e(„)n tains  niirnerons  cysts, 
there  is,  as  a  rule,  one  of 
s|;)(x:iia,,lly  large  size  ;  while 
Uiti  one  side  of  the  main 
e.yst  tli.erci  is  a*  more  solid¬ 
looking  niass  of  somewhat 
1 1  on,(,)y  com  1)  a.  p  p  e  a,  r  a  n  c  e, 
wiii,(:;h,  is  Crom posed  of  in- 
inimet'able  cysts  of  varying 
siz(^,  some  b  e  i  n  g  q  u  i  t  e 
minute  (Pig,  592).  At  an 
eai’ly  s'tage  of  its  growth 
tlae  t'limo'i'n*  may  appear  as 
a  (x:)iiglomerate  of  cysts,  but^ 
as  it  grows  one  cyst , 
usually  conies  to  preponde¬ 
rate.  ''.riio  contents  of ''the 
c,ysts  ar*(^  always  mucoid  in 
c.ha-ra,e.tm%  mwaa*  s(u*()us,  and  a.r<^  ofUm  of  glairy  or  ropy  nature, 
sonudimes  almost  scuni-solid,  so  tba.t  tlu^  eontaiuuHl  mahuial  does 
not-  j’(*adily  run  out.  On  iuieros<'(>pi(^  (examination,  the  cysts  are 
scam  to  b(^  limul  witJi  a  laycu*  of  i^ail  cohunnar  epithelium ;  the 
nucl(ti  of  Mu'!  (xdls  aax*.  (ha^ply  phuxsl,  whik^  tb(^  ])r()toplaHm  generally 
is  (*l<^a,r  and  mucin coutaiiiing.  '‘rhe:  lining  of  the  spaces  is  thrown 
intio  folds,  and  in  addit  ion  pa.pilhiry  ingrowl-bs  a.re  of  Irtxpicnt  occur- 
ixmci^  (Pig*  I2r>),  sti'oma.  is  a.  w(dl-rorm(.Ml  comuxtivo  tissue, 

whi(*iii,  btdAV(3('n  tlu^  smalhu'  cysts  arid  in  the  jiapilhe,  is  scanty 
and  may  form  mm'idy  a.  thin  liiux  ddie  spaxxis  (xmtain  mucoid 
material,  along  wilii  an  adnii.xture of  (h^sipiamatixi  cells  and  granular 
(hdiris.  1du‘.  mai-mia.l  in  tlu^  (‘.onl^tmi-s  is  i\>  ioian  of  mucin . a  glyco¬ 

protein  or  psri(d(}'’tn iichi ,  as  it  is  usuaily  littic  prexipitable  by  acetic 
Hcick  and  its  stu,ining  nuictions  vaiy  sonu'wlmt  a.s  (uimparcal  with  those 
of  ordinary  imain. 

An  ovaria.n  <‘,ystoma.,  as  it  inc.rcjasos  in  size,  rises  from  the 
pelvis,  and  may  disUmd  the  whole  abdomen.  It  comes  to  have  a 
distinct  pedicle,  in  which  tlie  blood  vessels  run,  and  the  ana¬ 
tomical  relations  of  tlic  ovary  are  essentially  maintained.  Some 


r'lo.  .Mail,  (>r  niot'o  I  {)nrl.  of 

mult  ilocuhir  <'y,sl.oma,  of  ovary. 


N'lilc  Uir  MtioMi-'y  <’h;ir:ic((*r  <a'  lli<'  liKiuu*  <'(tnU>iM 
inK  nuiui'i'niiit  cynt.’'  ol'  viiryiiu'  •‘''O'*'-  St 
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important  complications  be  mentioned.  Occasionally  tiie  pedicle 
is  twisted  and  the  venous  return  interfered  with,  and  then  the  cyst 
wall  becomes  the  seat  of  diffuse  hemorrhage  and  assumes  a  dark 
red  colour — a  condition  of  infarction  ;  blood  may  escape  also  into  the 
peritoneal  cavity.  Occa¬ 
sionally,  again,  a  cyst  may 
rupture,  and  its  mucoid 
contents  escape  into  the 
peritoneal  cavity  and  be¬ 
come  diffused.  The  mucoid 
material  acts  as  a  foreign 
body  or  slight  irritant,  and 
reactive  changes  follow  ;  it 
is  invaded  by  comiective 
tissue  cells  and  young  capil¬ 
laries  as  in  a  process  of 
organisation.  Transplanta¬ 
tion  of  epithelial  cells  to 
the  peritoneal  covering  also 
may  occur  and  these  may 
form  acini  and  cysts.  The 
result  is  that  adhesions  form 
between  the  coils  of  in¬ 
testine  and  other  structures, 
while  the  mucoid  material 
still  persists.  The  term 
pseudo-myxoma  peritonei  has 
been  apphed  to  such  a 
condition.  It  may  be  added 

that  malignant  growth,  _ 

usually  in  the  form  of  an  adenocarcinoma,  occasionally  occurs  in 

connection  with  a  pseudo-mucinous  cystadenoma. 

Papilligerous  Cystoma.  This  form  of  growth,  known  also  as  serms 
cystadsnoma,  is  less  common  than  the  mnltilMiilar  cystoma,  but^it 
is  by  no  means  rare.  It  may  sometimes  reach  the  swe  of  a  cMd  s 
head,  though  usuaUy  it  is  considerably  smaUer,  and  m  the  majority 
of  cases  it  occurs  in  both  ovaries.  The  papilhgerous  cystoma  con¬ 
sists  of  a  single  main  cyst,  but  along  with  this  there  ^ 

small  cysts;  the  contents  are  usually  a  clear,  serous  flui^  though 
sometimes  a  certain  amount  of  mucin  may  be  presen  -  1 

acteristic  feature  is  that  on  the  inner  surface  of  the  ^jst  waU^ 
there  are  wart-like  growths,  or  fairly  large  papilliform_  excrescences, 
the  surface  of  which  is  broken  up  into  numerous  projections  some¬ 
what  resembling  a  cauhflower  (Fig.  593).  These  papdlomata  are 
covered  bv  columnar  or  cubical  epithelium  which  is  often  cdiatey 
but  the  cells  have  not  the  mucin-forming  character  seen  in  the 
multilocular  cystoma,  and  their  nuclei  are  less  deeply  placed  (Fig. 


Fig. ^593. — Papilligerous  cyst  of  ovary,  seen 
from  within. 

Note  the  Einaerous  wart-like  growths  in  the  interior,  x  i . 


TKX'I’-IJOOK  Oh’  I’ATHOLOOY 


;V.M).  A  cysiiMna.  of  (.lii.s  kiiul  orows  soiiKiwliiU.  slowly,  and,  as  has 
Ih'imi  statod,  iK'vcr  ivadios  Mui  size  of  1,1k5  multilocnlai'  Ciystoma. 

3  .  Noli  infrocuKintily,  however,  the 


,V.)1.  Portion  oi  |)a|»illiji„(<'rous  oysli 
of  ova I'v,  slnoviu!;  I  hi'  papilla*  rovoroil 
hy  oohnmia,r  opillu'lium.  ,,  •!<), 


at-rophy,  hnl.  nsnally  ilu^y  cont.i 


(\vs(,  wa,ll  rupiureH,  and  the 
coiddaUaS  aiong  with  portions  of 

j)a.|)ill()ina,ta,  (^sctipo  into  the 
peiatoiuM.!  ca-vity.  The  pieces 
of  tmnonr  a,r(‘,  <listril)nted  by 
the  inksstina,!  luovenients,  and 
tluai  iKH'.onu^  abtacihed  to  and 
<i;ro\v  on  t,ho  p(a*il,onea-I  Hurface, 
wlii(di  may  (Juis  (•.onie  to  be 
l)(\s(d/  w'itrh  luirueroirs  oxcres- 
(hi, IT.  r>95).  Their 
prrowlh  is  nsnally  attended 
wil-h  ma.rk(Mi  ascites.  After 
oj)(>ra,t.iv(^  nnnoval  of  the 
primary  <»;rowths,  the  peri- 
(oiHNiI  ^o'owtJis  may  undergo 
t^o  grow.  fSonud-imes  the  surface 


of  i>ol.h  ovaritis  is  covtavd  with  papilloma, tons  growths,  and  there  may 
also  h(^  a.  singles  cyst,  oi*  s<a'<‘.ra.l 


small  oysis  in  lln^  ovaritis.  1h’U(^ 
(^arcinoma,  no(,  inlrf'ipamtly  (hnadops 
in  (ammadion  wiMi  a,  pa j)illig(‘rons 
cysioma  ;  t  his  is  mmdt  <a)inmon(‘i* 
t-han  in  th<^  <‘asr  of  (h<‘  multilocuhir 
oyslioma.. 

Although  (Jh^  (ystiomaia,  of  tlu': 
oyary  may  l>e  la^ganhal  as  t  he  result, 
of  ahnormalithss  in  (hnadopnumt,, 
t-hcu’c  is  still  (louht  r<‘ga,r<ling  t,h(‘ir 
(c\a(d,  origin.  Th(‘  imiltilocular 
{‘Vstoina,  was  g(‘n(a'ally  su[>pos(al  (,o 
a,ris(‘  IVom  tin*  (‘pitluditim  of  Iht^ 
follich's,  or  IVom  t,ho  tuhuh'S  or 
<a)rds  of  (udls  from  wluhdi  tlH\s(i 
a,r(^  formcal,  htit  on  such  a,  viow  i1» 
\va,s  diirnadt  1,0  (explain  sa,i,isra,c- 
t-orily  t.h(^  p(‘enlia,r  clnirjuda'rs  of  tla^ 
<a‘lls  ol  (,h(‘.  tumour.  vicnv  wliicdi 


hhci.  T)!),’).  Pa,piUoniatous  mass 
from  o  I  non  turn  a  transplanta¬ 
tion  from  a  paf)ilIigorous  ovarian 
<'yHt.  (From  Ha,ino  caso  as  Fig. 
r)i)(.)  X  ii. 


ha,s  now  most  support  is  that  l,h(^  tumour  is  nxilly  of  kautoid  nature, 
in  \vln(*.li  th(M’(‘.  is  a-  sjxM-iaJ  growl, h  ol“  oiu'.  of  its  <!ompon(3nt  tissues, 
nanudy,  a,  i,a.ll  mmandbrming  ('pitludimti.  Tlu^.  origin  of  the  papilli- 
g(U’ous  cystoma  is  gc^iuu'aJIy  ascadlK^d  to  the  germinal  epithelium  of 
the  surfa,c.c;  of  tlie  ovary, 

Terakmiala.  The?)  ciommotu^st  is  the  cystic  teratoma  or  ‘der- 
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moid  ’  cyst.  Tlie  latter  term  is  applied  owing  to  the  cyst  being 
lined  by  squamous  epithelium,  and  to  the  prominence  of  skin 
structures  ;  but  the  tumour  is  really  a  teratoma.  The  growth  is 
usually  single,  but  occasionally  there  is  one  in  each  ovary ;  and 
cases  have  been  recorded  in.  which  more  than  one  have  been  present 
in  an  ovary.  It  often  forms 
a  rounded  swelling  which 
may  reach  the  size  of  a 
child’s  head,  but  is  usually 
smaller.  The  contents  are 
fatty  material,  which  is 
fluid  at  the  temperature  of 
the  body,  but  becomes  semi- 
solid  on  cooling  ;  and  mixed 
with  it  are  hairs,  desqua¬ 
mated  epithelium,  etc.  x4s 
has  been  said,  the  lining  is 
a  stratified  epithelium,  and 
the  skin  structures — -hairs, 
sebaceous  and  sweat  glands 
— are  abundantly  r  e  p  r  e- 
sented.  At  one  side  there 
is  often  a  somewhat  hard 
protuberance,  and  on  the 
inner  surface  several  teeth, 
irregularly  arranged,  are 
often  present  (Eig.  596). 

On  section  this  projection 
contains  bone  and  other  structures— cartilage,  non-striped  muscle, 
various  glandular  structures  representing  alimentary  and  respira¬ 
tory  systems  ;  occasionally  chorionic  epithelium  has  been  found, 
and  even  nervous  tissue”  may  be  present.  No  trace  of  the 
reproductive  glands,  however,  has  been  observed  in  these  growths. 
Cystic  teratomata  vary  much  as  regards  their  complexity  of  struc¬ 
ture,  and  not  infrequently  epidermal  structures  preponderate.  Less 
common  than  this  cystic  form  is  the  solid  form  of  teratoma,  which 
usually  forms  an  irregular  rounded  mass,  in  which  an  even  greater 
variety  of  tissues  may  he  found  ;  small  cysts  may  be  present  m  it. 
(In  the  testicle,  on  the  contrary,  the  soHd  type  is  the  one  more 
frequently  met  with.)  The  significance  of  these  growths  is  discussed 
on  p  262.  Malignant  disease  often  develops  in  a  teratoma  of  the 
solid  tj-pe;  the  growth  is  usually  a  carcinoma,  rarely  a  chorion- 
epithelioma  or  a  sarcoma  ;  this  rarely  occurs  in  cystic  teratomata. 

Parovarian  Cysts.  These  cysts,  which  are  of  fairly  frequent 
occurrence,  are  derived  from  the  epoophoron  or  anterior  part  of  the 
parovarium  or  Wolffian  body,  which  Hes  in  the  broad  hgament  oetween 
the  ovary  and  the  tube,  the  cysts  having  a  correspondmg  position. 


Fig.  596. — Portion  of  wall: of  teratoma  of 
ovarjT-  (dermoid  cyst),  showing  irregular 
growth  of  teeth  from  inner  surface  of 
cyst.  X 
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'I’hcy  tiro  iisiiully  .siiiftki,  K|)!uM-ic:il  iii  fomi,  and  (jonsist  oC  one  chamber 

I'lKni'  conlenl.s  a.ni  a,  eloa.r  \va,l,ei-y  [Inid  with  low  H[)eeilie  gravity,  in 
whiiili  tlunHi  is  litib^  oi'  no  albumin  and  no  nuioin.  They  are  usually 
liiK'd  liy  a,  eilialod  colmiumr  (!|)ithelium,  though  in  places  the  layer 
may  bo,  of  the  (adiical  typo.  As  dui  (yst  iueroasos  in  size  it 
s(']iara(('s  the  layau'.s  of  the  broad  ligament,  and  is  thus  covered  by 
a,  layer  of  p(!ritoncum,  wbich,  how<!ver,  is  sopar-able  from  the  cyst. 
'I'lu;  tube  is  strotcfied  over  tlu;  snrfa.eo,  whilst  the  ovary  lies  at  the 
other  side  ami  may  undergo  airo|>hy.  Usually  thoro  is  no  distinct 
fXMlic.le,  but  if  the  cyst  is  v('ry  la.i'go  it  may  rise  from  the  broad  liga- 
moriit  and  havo  a-  l)i'<>a,<l  iKMliclci. 

'FiimxVuirs,  dd,ia.  ttialigiuint  growtlas  of  the  ovary 
*  "  prcHoiit  a  considerable. 


\  *^*"?*L  .Mm 


va,rioty,  and  fai.rly  often 
With  cyst 

4^4^'  l<-»-'»ation.  Carcinoma  is 

P  rnoch  -uoro  frequently  met 

will.  tha,u  sa,rco>na. 

occur  at  a  compara- 

*‘a^' of  adult 
\  lih'.  Idle  growth  is  not  : 

'  «<'I(l()m  in  both  ovaries, 

one  is  often 
<‘onHHlcral)ly  larger  than 
‘  thuit  in  the  other.  Itpre- 

’’  Monts  the  usual  features, 

Fm.  f.!»7.  KniloM.lHTK  lumour  oi,'  ovmy,  l"d  varioH  iu  typo,  being 

HtHMindary  tu  n,  primary  yTovvIld.  la  Hld»iruu‘h.  SonuU/iinc^S  hard  and 

Ndtp  iid^  HiiSiidh*  t-dii<‘ti  -.(ndiia  and  tia^  law?  rtmiid  iiodula/r,  sornetinics  com- 

mm'lU''foaiii,ialii|f;  t'idlH.  ,  ::i;a  ..  a,  'i  »  i 

j)a.ratively  sott  and  lead¬ 
ing  to  grc’ta.t  (adad’giaixait.  It  ina-y  burst  througli  the  capsule  and 
()ro(lu(‘(^,  siuiondary  growtJis  in  tlu^  jxu'itotuunn,  as  well  as  metas- 
ta,.ses  iti  the:  n^.gioual  glands  a.nd  in  otluu'  organs.  Histologically, 
c()nsi(l(U’abl(^.  varia-tions  in  Htruct.ure  a, re  in<d}  with.  The  cells  may 
he  arrang<^(l  iii  solid  nia.HS(\s  us  in  s(!irrlms  of  the  breast,  or  they 
may  hav(i  an  irn^gular  a.<a'nouH  formation  ;  or,  again,  in  the  softer 
varietic^H,  a  rnons  diltuse  iminmu*  of  growth  nuiy  bo  present,  with  great 
ah(a'ratdon  in  thc^  <duinnd.<a‘s  of  tlui  (xdls,  (jareinoma  sometimes 
l.KX!onH\s  Hupcnuhb^l  to  a  cystic,  tumour,  (dih(U‘  of  the  multilocular  or 
j)a.pilliger(>us  va.n<dy,  hut*  mon^  fredpamtly  of  the  latter. 

Kruk(dd)tn'fj;  tUsHurihoil  a  bilaldd'al  tdiniour  of  ih<^  oviirif^H  undor  the  term 
\f\hromir(y)nu,  ‘HhKcac.nlUiUtrr,  cttrvinomdtodvH  ’  ;  it  in  now  tuillod,  nrter  him.  There 
iH  a.  vmy  (*('>Ilalar  like  Htroina  in  wlu<'h  tuumta'  (udl.s  arc  Bcatfcered  or 

otuun*  in  tnaHHoH.  Many  of  Idx'*  (Mdls  conl.ain  mucin  which  has  pUHiicd  the  nucleus 
to  ono  sido,  givin|jj  a  signcl.-ring  a-ppcarancui.  SlfM^ondary  growths  of  cancer 


/  ‘  "dr.'sjf  I*,, 

Fun  S07.  Kridi(ddMd-g  hmiour  of  nvary, 
H(M‘ondary  to  a,  primars’  |,'T<nvlld.  la  Htonnudn 

NdtP  dii<  la'lndh*  (ddli'tl  -'.Irdnia  and  tla^  laria:  raiuid 
itimdu-foaiiiiidiiif;  tadlh.  ,  “did. 
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in  the  ovaries  have,  however,  been  found  to  present  similar  characters,  and 
it  is  now  generally  considered  that  the  Knikenberg  tiimoiir  is  not  ordinarily 
of  ovarian  origin,  but  is  secondary'  to  a  primary  growth  in  the  stomacli  or,  less 
often,  colon. 

Other  forms  of  ovarian  tumours  have  recently  come  to  he 
recognised  and  two  of  these,  viz.  the  granulosa -cell  tumour  and  the 
arrhenohlastoma,  are  specially  interesting  in  view  of  their  hormonal 
effects . 

Granulosa-cdl  Tumour.  This  growth,  which  is  also  known  as 
folliculoma  or  carcinoma  foUiculoides,  is  generally  believed  to  arise 
from  granulosa  cell  rests  which  have  not  been  used  in  the  formation 


FiQ.^SOS.—Granulosa-ceU  tumour  of  ovary,  sWng  characteristic  masses  of 
cells  wdth  tendency  to  folhcle  formation.  (Prof.  M.  J.  Srewart.)  X  loO. 


of  Graafian  follicles.  It  is  composed  of  moderately  firm  and  fairly 
cellular  tissue,  sometimes  of  a  yellowish  tint,  and  cysts,  usually  sinall, 
may  be  present.  The  microscopic  appearances  vary  considerably. 
The  cells  are  often  rounded  or  polyhedral  with  somewhat  clear  ^tdo- 
plasm,  often  containing  lipoids,  and  of  inactiTe  appearance.  They 
are  arranged  in  sofid,  weU-defined  trahecute  like  a  carcinoma  ;  some¬ 
times  however,  thev  are  more  cubical  or  columnar  and  have  an 
acinous  or  follicle-like  arrangement  (Fig.  59S).  In  some  specimens  the 
growth  is  of  a  diffuse  character  resembling  .sarcoma,  though  m  parts 
evidence  of  the  characteristic  arrangement  of  cells  is  usually  to  be 
found  The  histological  characters  may  vary  much  m  different  iiarts 
of  the  same  growth.  Such  tumours  are  usually  unilateral  and  of 
rather  low  malignancy.  They  have  been  met  with  most  frequently 


rEXT4UHn\  i)E  PiVriioLCKn' 


atler  iho  mmuypimm  but  tlu^y  oiunir  at  otliur  ,agUH.  At  all  periods 
l-luiy  iuivu  ;i  clistiiH't  lionuouaJ  which  tM)rr(\sp{)!uls  i'.o  thc'forma- 

t-ion  of  (csti’on’oiuc  honiioiu^s  in  (*xccsH  lf!iprrJhUi.ri(li}dm(i(>n..  After 
tlic  ni(V!U)|)ans(‘  t!u‘  chccluS  hy|)cri)hisia,  ot  (,Ih‘  (ai<lonK‘triiun.  and 
ctilargcaiKMil.  of  i\u:  ul,(a’UK,  with  iit(vrin(^  whic.h  is  usually 

periodic  pscudo-mcu.strua.tion  ;  during  ihi^  childdxairiug  pfu’iod  the 
(df(M‘ls  aic  of*  a  siniihir  kiiul.  hi  the  hav  ca.siss  obsiawiMl  in  youinr 
girls  t.lH‘  (vlfocis  aic  of  striking  iia.turo,  tluac  Ixang  priaaicious  puberty 
(‘staJilishiiHail.  of  rmaisi  ruata*on  and  d(wa‘!()j)ni(‘n(.  of  th(‘  scHumdary 
Icniah^  S(‘x  characters.  11ud,  thesis  growths  (wiahi  a,n  (aidoca’iiu^  influ- 
(aruc  is  shown  liy  tlic  fa.ct  that  t-lu^  sympt^onis  acd  signs  Imvx^  boon 
r(‘pcat(‘dly  found  lo  disa-ppi^ar  when  the  gi'owths  arc*.  r(anoved. 

In  a  snudi  proportion  of  (;as(\s  tlic  gra.nulosa.  (x^lls  may  und(wgo  a 

transformathui  into  lutein 


c(‘lls,  a.nd  tlum  clhait  on 
(In^  (aidonudriuin  is  like 
l^haf  of  pi*()g(\st(u;ono. 

Pmnirr  Tinuonr.  T  .li  i « 
ovariuiH  growMi,  wliicli  is  much 
less  conimon  t.lutn.  i,ho  grauu- 
iosH,  \vn,s  for  a  time 

<*curns(Ml  wiiW  il;.  IL  was  eallod, 
hy  oophoroma  folli- 

rularv.  H,  \'a.i'i<\s  gnvildy  ia  size 
n,M<!  il.  lias  a  firm  eoasistonce, 
soinctinu^s  n^s(aul>liag  a  fibroma. 
M  l<’i-os<'o|)ic.  cxa,r»uaat.i()u  shows 
a.n  a,bmula.iit  a.iul,  diMisi^  fibrous 
si.ronut  in  wbicli  a,r(^  scai'itored 
islands  or  tuvsl.s  oC  (^])it.liolial 
colls.  Udioso  islands  may  be 
solid,  colh'ol.ions,  but)  very  often 
show  a,  (droular  ooiitrad  spaoo 
(l^hg.  nnu).  'Plu^  (sdls  aro  routid(Ml 


or  polybodraJ  a.ad  an^  (‘ompiiru- 
tivcly  unilbrtn  and  ituadivs'  it);  appt'aranoo.  An  in(.(M'('Sting  poini.  is  l.lia.t  somo- 
liau's  Urn  <‘(dis  lining  (lu’  spaoo  assinn*''  a.  <’obm)na.r  form,  r('s<aubling  l.lioso  iu  a 
psiMulo  nmcinons  o\'s(oma,  nna’oid  second. iorj  a<Mainuda.l.cH  a.nd  a,  tumour  c.ojnpOBt'd 
o(“  tlu'  (.\vo  lypc-s  of  opil  bolinm  r('sul(s.  'Tlui  tumour  is  slowly  growing  a.'iKl.  may 
b(^  r(‘ga.«’dod  as  of  simph"  obara<'f<‘r.  ll.  is  rcaiorally  b(di<^V(Ml,  to  ('n.k(^  oi'igin  from 
oolloidaons  of  iruliffbrojd.  oolls.  olton  known  as  WalMia.nrs  n<\s|,s  oi*  inoluKioiiH, 


which  an'  Ibund  in  Ibo  snpnrU<*ial  parts  of  the  ova.ri<'s  in  infa.nl.s.  A  uolnworthy 
fact  is  tbat  unlike  tlu'  gnumloHa»<*(dl  tmnon.r,  (lu^  Hroniu'r  tumour  shows  ii.o 


csvideuoe  of*  endooraru'  a<'li\'if\'. 

Arrhf’nohli(Htotn((,  Wliis  growth*  whieli  jUso  is  of  ra.r('>  (xaniricnco,  is  sup- 
pos('(l  1.0  a.rise  fnan  *■  ma.l('  {lir('<d.o{l  '  o('11h  iti  the  region  of  the  icito  ovarii,  per¬ 


sisting  (Vum  an  (nirly  period  of  goimdogtamsis.  ft  may  Ix'  {)f  n<n  adeuomatoiis 
ty|)('  (containing  siruetuncs  sonuavlml/  r('H('mhling  tuhuIoiH  of  tlio  tastis,  but  the 
striKcture  may  bo*  nuu’e  a,typieaJ  and  not  unlilc’i  tha/t  of  a  sareema,.  ddio  hormonal 
effect,  wdiic.b  has  lax'n  mort'  promameu'd  in  atypi(,*a.l  growths,  is  like  that  of 
I.Ik'  adenoma  o(‘  tlu'  adn'nal  (;ort(5X,  lutnady,  t.be  produ(‘tion  of  virilism  or  an 
in,tenHilica,tion  of  inaleness.  In  a,  prcivionsly  htialt.by  vvonia.n  thoi’o  may  occur 
a.trophy  of  th,(\  utc>rus  and  mamnun,  airauiorrlKea.,  a.nd  the  ai)ptH;iran,co  of  the 
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secondary  male  sex  characters.  ■  It  has  been  met  with  chiefly  in  young  women. 
Removal  of  the  growth  has  been  followed  by  the  disappearance  or  modifleation 
of  these  abnormalities.  Its  malignancy  is  of  low  order. 

Another  rare  form  of  ovarian  tumour  is  the  dysgerminoma  |R.  Meyer). 
Histologically  it  corresponds  closely  to  the  seminoma  and  it  ha,s  been  called 
seminoma  ovarii  by  French  writers.  It  is  supposed  to  arise  from  undiffer¬ 
entiated  sex  cells  and  does  not  exert  hormonal  influence ;  that  is,  does  not 
accentuate  masculine  or  feminine  characters.  It  may  develop  at  a  relatively 
early  age,  and  has  accordingly  been  called  carcinoma  pueUarum.  In  a  fairl>^ 
large  proportion  of  cases  it  has  been  associated  with  infant ilism  or  with  pseudo¬ 
hermaphroditism.  Its  removal,  however,  has  no  effect  on  these  abnormalities. 
Its  malignancy  is  said  to  be  of  low  order  (Novak),  but  in  our  experience  the 
prognosis  is  bad  and  extensive  metastases  are  likely  to  oeeiir. 

Secondary  carcinoma  of  the  ovaries  is  comparatively  frequent 
and  of  considerable  interest.  It  is  met  with  in  carcinoma  of  the 
stomach  and  intestine,  and  though  nodules  may  be  present  over  the 
peritoneum,  this  is  sometimes  not  the  case.  The  secondary  growths 
sometimes  reach  a  large  size.  It  would  seem,  as  if  the  ovarian  tissue 
were  a  specially  favourable  nidus  for  growth,  and  that  a  few  cancer  cells 
gaining  access  to  the  peritoneum  had  a  marked  tendency,  to  become 
located  in  the  ovaries.  It  is  possible  also  that  in  a  similar  way  a 
cancer  may  pass  from  one  ovary,  to  another  without  causing  nodules 
in  the  peritoneum.  „It  may  he  noted  too  that  secondary  growths  are 
not  u,ncom,mon  in  cases  of  cancer  of  the  breast ;  the  manner  of  spread 
is  doubtful — possibly  in  this  case  also  it  occurs  by  the  peritoneal  cavity. 
The  Krukenherg  tumour,  is  usually  a  variety  of  sec.ondary  earchioma 

(p.  974).  ^  , 

Sarcoma,  though  less  common  than  carcinoma,  is  by  no  means 
rare.  Like  the  latter,  it  sometimes  affects  both  ovari,e,s  and  naay 
occur  in  association  with  cysts  ;  the  growth  may  reach  a  large  size. 
Usually  the  tumour  is  of  the  spmdle-cell  type^and  has  a  somewhat 
fasciculated  appearance  -on  section  ;•  forms  intermediate  , between 
fib,roma  and,  sarcoma  are  ,met  with.  'Round-cell  and  mixed-cell 
varieties  also  occur.  Angiosarcoma,  various  types,, of  endothelioma, 
and  sarcoma  combined  with  carcinoma,  have  been  described. 


Congenital  Abnormalities 

These  are  of  considerable  variety  and  are  brought  about  in  different  ways. 
They  may  be  due  to,  failure  in  the  normal  fusion  of  parts,  to  incomplete  develop¬ 
ment  or  absence  of  certain  structures,  to  pathological  closure  or  atresia  of  openings 
etc  •  and  there  is  also  the  important  group  of  abnormaHties  due  to  di^lacements 
of  cells  or  portions,  of  tissue,  from  which  certain  tumours  arise  ;  this  is  seen 

esnecially  in  the  case  of,,  the  ovaries.  ^  ^  xua 

^UTEBirs.  Certain  abnormalities  arise  from  variations  in  the  fusion  of  the 
lower  parts  of  the  ducts  of  MiiUer.  It  may  be  recaUed  t^t  the  upper 
of  the  ducts  constitute  the  two  FaUopian  tubes,  whilst  the  lower  portions 
to  form  the  uterus  and  vagina.  From  imperfect  lusion  there  arises  duplicity  o 
steuctoes  which  are  normaUy  single,  and  various  degrees  of  such  a  condition 
are  met  with.  Thus  there  may  be  a  double  uterus  and  vagina,  a  douM®  uteru.. 
and  single  vagina  (uterus  bicomis  duplex),  or  the  uterus  may  be  doubled  only  lu 
its  upper  part  (uterus  bioornis  uniooUis);  then  again  there  are  variations  accord¬ 
ing  to  L  deglee  in  which  the  walls  of  the  doubled  cavities  are  fused.  In  the 
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;-ili;fhi.<‘;;i.  t!r<.»r(MM)f  this  i  yj)n  of  al)i H)riina,lit.y  utnrns  luis  l,\vo  shorl.  (^onma.  ai,u) 
iiio  iMiilioo  of  iho  fuiuluH  is  (‘oncava^  u|>wa.r(ls  iiisl.i'a.d  of  <a)nv(^x,  l,!io  condition 
bring  known  as  ult'rna  arri(iftH,s\  ( )(>(‘asionally  i-bo  ducl.s  of  Miillor  have  K]dit  in 
tlK'ir  npjx'r  j)aris  so  that.  Muaa'  an^  i.wo  b’allopia.n  lajbos  on  each  siilo  ;  or  tlie 
split.ting  may  S>c.  only  partial,  hot  IJiis  is  a.  rarc'i  abnorina.lit.y. 

!  )«'tiri<Mwv  of  jp'ou  I  h  or  (t})!asi({  is  lilcnwisc'  of  va.ria.))I(‘  d<'.gn'o.  Al)son('.<^  of  the 

uterus  and  tube's  is;  t  he  ('xt.renu^  <^xampi(^  of  su(“h  a,  condit  ion,  Imt  is  vcM'y  rare  • 
absen(‘o  of  uti'rus  <»r  of  its  lower  part^  is  oeeasionally  obs('rv<‘d  whik^  tho  t-ubns  are 
present.  'I’lien  aga,in  t!i('  ul.('rns  may  bo  well  formed,  whilst.  tihor<^  is  occlusion  or 
atresia  of  the  os,  less  fr<’<pH'nt  1\'  of  the  ist.hmns  ;  such  h'sionsinay  hvid  to  a.c.cumu- 
lalion  of  th<^  tn<mst.rual  blood.  ()e<'asionaUy  on<^  duct,  of  Miillor  ,ha,H  failed  to 
<leveloj),  and  tJuMi  ilu're  is  an  a,bs<'nce'  of  on(^  t.ulay  wdiilst-  t.lu'i  ut.cnnis  is a,synnnotx’ical 
Ntrnis  iniirornis,  ,ln  ot.lau'  <‘a.ses  asymmet  ry  is  duci  t.o  a,  ru<run(aita,ry  <‘,ormi  on 
OIK'  side,  which  is  sometauK's  cu !■  off  from  t-h<^  ut-erine  ea.vdt.y.  ’'riuu'e  a,r(^  also  other 
varia,t.ions  in  which  a,  l.nlx'  or  part-  (if  a,  i.ube  is  absent-,  bert-ions  of  the  Wolffian 
<Iucl-s  nia,y  fail  t-o  uiak'rju)  t-lie  usual  oblit-m-a-t-ion  a-n<l  may  pia’siHt  in  the  wall  of 
the  vagina.  ;  t  la'y  may  t-hi'n^  give  ris(H  t-o  ('.yst-s  or  t-umour  growt-hs.  Idle  normal 
ilivision  of  llu'  cloa,cn,  wit-li  forina-t-ion  of  sept-nm  may  Ix’'  lncomi)l<'it-<y  a.nd  thust-here 
ri'inains  a.  communit'at.ion  ixd-wi'oii  t-ho  v<\st-ibuhnn  a,nd  t-h<^  lowia*  mul  of  the 
r('(‘t.nni  vi'sl-ihulo  ri'i’t al  fistula,,  ddiis  c.ondition  ma.y  ho  a,ssoeia,t-(xl  with 
iinperforati'i  anus  (p.  tilS). 

(Jeueral  hi/poplitsid  of  t-lu^  ut-<u*us  is  observixl  in  ova,ria,n  dohM'.t  and  may  be 
a,f-l.ende<l  by  otln'r  al>nonua,lit-i('S,  e.g.  pi-ieudo  liernuipbrodii-isug  whieli  c.oudition 
is  Honiet  imoM  assoi'iat  c<l  wit  h  liy p('rplasia.  of  IIkh  ailn'ual  cortex  (p.  Itlab).  Jfy]K)- 
plasia.,  or  I’at-her  t  he  pt'rsisii'iKX'  aft-t'r  pub<'rt-y  <h‘  l-he  infa-ut-ih’i  type  of  uha’us,  is 
stM'u  in  I’onditions  of  infant  iliian,  for  <'xamph'  tlud-  r('sult,ing  from  dcitie.i<Micy  of  tho 
thyroid  or  of  t-lu'  aub'rior  lelx'  of  tla'  liypopbysis. 

OvAuii'is.  As  alu'ady  indieati'd,  llio  most-  import-aid- a, bnoriua,lit-i{\H  a, re  those 
afh'ct  ing  t  he  illspesitien  of  t-he  g('rnunal  ('pit-lu'lium  a-nd  tbe  fornia-t-ion  of  i-ho 
(Jraalian  folbck's  ;  t  he  various  eyst  it^  t-umours  of  t-lu'' oya-rii's  proba-hly  a-riso  in  t-his 
way.  Small  eysls  of  eonuynital  origin  an'  oceasiona lly  md,  wit-h,  a,nd  may  bo 
assoeiated  witli  a.  ci'rt-ain  a.momd,  of  fibrosis.  Tbe  ova-ries  a-re  Homotimos 
nhnermally  small,  and  there  is  1-lieu  usually  a,  <‘on<lit-ioa  of  hyp(>[)la.Hia-  of  other 
parts  of  t-he  gt'nital  syst-em  ;  ocean  ion  ally  psiMido  borma-phnxlii-ism  is  present. 
T’rn«'  douliling  of  the  ovaries  ha-'i  been  recorded,  but-  if-  is  <'xl-rem('ly  ra-ri't  ;  aberrant 
port-ions  of  ova,rian  t  issue  an',  howi'vcr,  o<'<*a,Hiona-lly  obscrviHl.  .Lastly,  one  or 
bot-h  ovarii'S  may  be  in  an  abnormal  sil-uatlon,  for  oxainph',  one  may  bc)  jiresent 
in  a,  ]>al-ent-  inguinal  canal. 


AnNOiniA  h/TI  MiS  IN  (U)NNIC(t1'/()N  WITH  PHNaNANGY 

pa-ihology  of  [)r(^<i;na,n(\y  is  a-  vvidt^  sulijtHd-,  a-nd  ii)  would  bc 
bt\y<)nd  tln^  of  i-lus  work  io  o-ottsidcu*  it  iu  d(d-a-iL  Wo  Hliall, 

h()W(^V(u‘,  a.u  axuaniid-  of  sonu*.  of  1-1k^  oldtd'  a-l)no,nna-litioH  which 

a-r(‘.  of  ,M|)(U’ial  iui-(*.n'st  a-ud  itu|)orta-ii(g\ 

llycUitidiform  Mole.  Tliis  is  a.n  a-nVetiott  o('  tlu^  chorionic!  villi, 
which  show  ignnit  (Milary:(‘ni(ad-  a.nd  a,r(!  (jlna-noxsl  into  rounded  or  oval 
straict-urtss  of  th(‘  of  (uiri*auts,  or  (^v(‘n  sina-ll  ^ra-p(‘s,  and,  as  their 
cov(U‘iug  is  sinooi'h  a-nd  tiuisig  t-h(\\'  ha,v(^  numh  th(‘.  a-ppcNira-nco  of  the 
lati(!r  (hiy^.  000).  On  niic-rosi'opic  (‘xandna-l-ion,  t-lu^  substance!  of  tlic 
villi  is  s{!(ai  to  l>(‘  nivxonud-ous  t-issiu^  in  a-  (!on(lition  of  c^xtrenu!  (edema, 
and  <)ft(ui  lii-tl(!  inncus  is  pr<'S(‘nt.  Olu'  a-huost  (!oinpl(‘t(!  ahscauio  of 
capillary  blood  V(!ss(*ls  is  a-  striking  haiturt!  wlii(!h  ina.y  he  of  etiological 
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significance  (Me^^er).  On  the  surface  tlie  clioiioiiic  epitfieliuni  often 
shows  signs  of  proliferation,  there  "being  several  layers  of  Langhans 


Fig.  600. — Portion  of  hydatidiform.  mole,,  showing  the 
enlarged  grape-like  chorionic  villi. 


cells,  and  the  syneytinm  is  correspondingly  prominent the  surface 
in  places  may,  however,  he  denuded  of  epithelium  (Fig.  601).  In 
some  cases  the  ‘  mole  ’  is  constituted  mainly  by  altered  villi,  and  there 
is  no  trace  of  foetus,  or  true 
placenta  ;  the  viUi  in  such 
cases  penetrate  and  destroy 
the  decidual  layer  in  an 
irregular  manner.  In  other 
cases  where  the  change  has 
occurred  at  a  later  period, 
a  small  imperfectly  de¬ 
veloped  embryo  may  be 
found  lying  in  its  sac,  and 
placenta  may  be  present  m 
which  the  viM  are  em¬ 
bedded ;  in  fact,  various 
degrees  of  hydatidiform  de¬ 
generation  are  met  with. 

Hydatidiform  moles  may 
sometimes  reach  a  weight 
of  1-1-5  kg.  (two  or  three 
nounds).  and  their  presence  .  ^  . 

rTften  attended  by  an  abnormaUy  rapid  mcrease  m  the  size 
of  the  uterus  They  lead  to  abortion,  -which  is  often  preceded  b\ 
temiCe  of  .  »rlo»B  Mtore;  the  blood  moy  be 


— Hydatidiform  mole,  showing  the 
ce*dematoiis  tissue  of  the  villi,  covered  by 
Langhans  cells  and  s\m.eytium.  >:75. 


'.Ksrt  'I’l'lX'I'-lioOiv  OK  PATHOLOGY 

a.nil  i<inii  firm  cdiioiila,  wliiali  msiilt  in  tiu!  ('.(indition  of  .so- 
called,  ‘  llcsliy  mole  ■  in  iulditioii.  'I'lK'i'e  are  ;dso  cases  in  wliiidi  the 
villi  of  Gie  mole  show  iniieli  more  (^xt.eiisive  |»en(d.ratioii,  (CKtendinir 
iid.o  and  desiroyinc  the  iitcriiHf  wall  and  Gnis  a,|}|)roxim.a.ting  to  a 
imdienard.  orowtJi  in  elniracter  the  so-tadhsl  '  inva.siv<i  mole.’  And 
lasl.ly,  not.  inlVe(|ucntly  maliffiiaid.  propertie.s  are  a,ssnin(!d  by  the 
chorionic.  e|ii(helinm  on  the  aJtnred  villi,  the  {growth  tlum  constiimtmg 
a>  clioriona'iiitlndionm.  'I’Ik'  c;uis(^  of  hydatidiform  inohi  is  nnknowm 
but  t  he  fant  t  lia.t  (iases  of  twin  iirt^gmincy  liawe  be<m  recorded  in 
which  a.  mole  has  bemi  |)resent,  a, long  with  a  normal  hetiis,  points 
to  the  originaJ,  (diangn  b(‘ing  in  the.  ovnm.  rather  than  in  1,1m  nterus. 
'I'he  hyda,tidifoi'ni  nuile,  lik(e  cdiorion-e|)itlu'lioina,,  i.s  often  a.ssoe.iated 
with  tluaai.  hd('in  (yst.s  in  t,he  ova.ry  (Kig.  rdH),  which,  a|)pea,r  l.o  arise 
from  f,he  (dl'eids  of  t.lm  abiimhurt,  a.nterior  pituitary-lik(‘  hormone 

(niorion-epithelioina.  tiuuour  is  composed 

of  th(M‘f)ith(‘Iia.l  (‘<dls  <'()V<M-ifip:  t,h(^  villi  of  iho,  chorion,  vvhicli  have 
acipiiied  iiivasivt*.  and  mali^niant  prop<a'fies,  both  fhc  c(‘.11h  of 
Laii^»;ha.ns  and  sym-ytia,  takiiio;  pa,rt  in  ilu^  proliferation.  It  is  of 
sp(saa!  iid.(nnsf,  a,s  r<‘pr<\s<mt.ing  an  invaasion  of  tht^  niakaaial  tissues 
by  boldd  (udls.  It  ina.y  (hna^lop  dnrin<i;  ordina.ry  f)r<\^muu^y  and.  give 
rise  i,o  abortion  oi‘  pnanadiirt^  (h'livau'y,  or  it  nniy  (.lev(d()[)  after 
(h^Iiv<MT,  no  doul)!-  from  portions  of  rcd-aiiUMl  phuamt^au  its  oceurrence 
has  b(H‘n  oc(*.a.sionally  obs(M’V(^d  s(‘V(a*a.I  y<'a.r.s  a.lT(a'  a,  piT'gmuuiy  or 
misc.arriagv  and  w(‘  hav('  nrru  it-  a-ftfu*  bd  yea-rs  ot  ag(a  t-h(‘  menopause 
having  oeeurnsl  only  tiu'  fUT'vious  y(vir.  In  luairly  ha-li;  tlu^  cases  it 
is  as('<pi(‘I  to  a  mole  pr<\gnaricy,  and,  as  luis  Ixam  stad(‘d,  t,h(‘-  infiltrating 
mol(‘  r(‘pr(‘S(‘n( s  a,  transit. ional  toian,  d^lu';  l-umonr  is  (hss(Md.iallv  coni- 
P<)S(t1  ol  (  h(‘  t  wo  (‘hamad-s  of  tlu^  (‘hoiMoiuh^  ('pit-ln^linin.  d’h(‘.  Uangluius 
c.(‘lls,  whieli  ar(‘  roumhal  or  polyluxlral  wit-h  ha-dly  <l(‘tin<Tl  .margin, 
ofttm  Idnti  Iarg(‘  mass(\s,  on  lh<‘  surbua^  ol.‘ whi(‘h  arc.  t-lu'  sym^ytial  cells. 

la-t.ter  pi’es(ait-  a-  gi'eaf.  va.ri<"(-y  of  sha|)(‘s,  and  often  Jiavx^  Jong 
tra-iling  j)!*o(ahss(hs  ;  t-luuh*  prot-opla-sni,  is  (iiu^ly  gra-nuhir  ajid  .more 
<a>sinoj)hiI  t-han  that  of  tlu^  La.ngha-ns  c(‘IIs  (!^dg^  Itid),  In  reae-hing  a 
<lia.gnosis  ol  ehorioiin'pit-lu'lioma-  on  hist»ologica,l  grounds,  it  ,ha-s  to  be 
rmiumdxaTal  tba,t  syiund-ial  e,(dls  ma-y  norma-lly  pcuuvt-rate  (huvply  into 
th(‘  myonudrimn  arxl  ma,y  pm’sist  ilx'n^  for  long  piu'iods  i.l'  a  portion 
of  [ihuamta.  is  iT’t-ajixxL 

Idle  a-ppiairaixavs  are  Ix^st  s(xm  in  tlu^  yomiger  and  actively  grow¬ 
ing  parts  of  tb(^  tumour,  but  in  otlxn*  f)a.rt*s  th<^  arrangCTuent  is  more 
irregular,  tb(‘.  two  kinds  of  (x^lls  Ixung  nuxcxl  t.ogotluny  ddiere  is  little 
stroma,  and  thogrowtfi  ha-s  no  blood  vclshcIh  of  its  own  ;  areas  of  necrosis 
and  (^xtravasa-tixl  blood  ar(^  usua-ily  present  (p.  217).  ''fhe  tumour  in  the 
interior  of  tdu‘.  ntxu’us  a  ppears  as  a-  soft  (U'lllnlar  mass,  often  of  crum  bling 
texture  and  of  a  dark  red  colour,  owing  to  lunmorrhagcs  (Fig.  602); 
these  are  the  rcLsult  or<‘rosion  of  tiu*  blood  vc'ssels  by  tlx^  syne-ytial  cells. 
It  eauscB  absorption  of  thc^  ut-eriiu’i  wall,  a-nd  may  penetrate  to  the 
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peritoneal  coat.  Secondary  growths,  which  occur  chiefly  by  the 
blood  vessels  though  also  by  the  lymphatics,  are  frequent,  their 
commonest.,  sites  being  in  the  lungs,  vaginal  wall,  hmiph  nodes, 
and  liver  (Fig.  408).  The  secondary  growths  have  the  same  general 
characters  as  the  primary,  and  are  usually  very  hemorrhagic  and 
necrotic.  Occasionally  a  secondary  nodule  in  the  lungs  may  undergo 
complete  necrosis,  and  then  it  may  become  enclosed  in  a  fibrous  tissue, 
so  that  a  process  of  local  healing  takes  place  (Teacher). 

Chorion-epithelioma  has  been  observed  to  originate  in  a  Fallopian 
tube  or  an  ovary,  and  in  such  cases  it  apparently  develops  in  connec¬ 
tion  with  an  ectopic  pregnancy.  In  cases  of  chorioii-epithelio,ma  or 
hydatidiform  mole  the  urine,  as  a  rule  gives  a  distinct  Ascheini-Zoiidek 
reaction  for  pregnancy,  the 


reacting  substance  being  often 
present  in  greater  concentra¬ 
tion  than  in  a  normal  pregnancy. 

Tins  substance  "was  at  one 
time  believed  to  be  prolan,  a 
product  of  the  anterior 
*  pituitary,  but  it  is  now  recog¬ 
nised  to  be  formed  by  the 
trophohlast.  It  is  often  known 
as  A.P.L.  (anterior-pituitary- 
like)  substance.  The  reaction 
becomes  negative  if  the  growtli 
is  completely  removed,  and  the 
test  can  be  apx^lied  in  following 
the  further  course  of  the  case. 

Failure  to  become  A-Z  negative, 
or  the  return  of  a  positive  re¬ 
action,  indicates  the  presence  of 
active  trophoblastic  elements. 

Ill  a  considerable  proportion 

of  cases  of  chorion-epithelioma  or  hydatidiform  mole  the  ovaries  have 
been  found  to  be  enlarged  and  .cystic,  the  cysts  being  of  the  theca¬ 
lutein  type  (p.  968),  as  a  result  of  this  hormonal  influence. 

It  may  be  added  that  structures  of  the  character  of  chorionic 
epithelium  may  be  present  in  teratomata,  e.g.  of  the  testicle,  medias- 
tinum,  etc.,  and  that  chorion-epithehomata  may  arise  from  them. 
This  can  he  understood  in  view  of  the  fact  that  nearly  every  festal 
tissue  may  be  represented  in  such  growths.  In  the  presence  of  these 
growths  also,  a  positive  Ascheim-Zondek  reaction  is  ohtamed. 

°  Extra-uterine  Pregnancy.  This  condition  arises  when  the 
fertilised  ovum  becomes  implanted  and  develops  before  it  reaches  the 
uterus.  It  may  occur  (a)  in  the  FaUopian  tube,  (6)  between  the  nm- 
brial  end  of  the  tube  and  the  ovary,  when  these  are  adherent,  (c)  m  the 
ovary  itself,  or  (d)  in  the  peritoneal  cavity ;  and  the  terms  tubal. 


Fig.  602.— Ciiorioii-epitheiioma  of  uterus, 

Xote  the  large  hsettiorrhagic  niass  in  the  interior 
of  the  litertis  ;  the  pale  nodule  in  tiie  wall  on  the 
left-hand  side 'is  a  small  myoma,  x  i. 
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ovaridJi,  Jind  abdonihidl  jii’cs  a.pplicMl  ^’(^sj)(‘.(•.t!vc!y.  All 
tJiesc^  fonns,  witli  iho  excoptioii  of  iJio  iaibaJ,  aj’(‘.  ra.r{\ 

Abdoiiiiiial  pn'gHa.ncy  is  iisiiaJly  s(‘<‘oiuia,i'y  t.o  niptuix^  of  a,  tubal 
prognancy,  iJio  ovuiii  boiiig  iluai  impbint.cul  on  tb(‘  pcu'itoiu^aJ.  surface  • 
but  a.  primary  form  also  is  nsa)gnis<M!.  In  tfio  taibc  commonest 
site  is  in  its  fn^c  portion,  bid,  tlu".  iniphud-abion  is  sometimes  met 


witb  in  thd  tube  as  it  j)ass(\s  tlirougb  the,  ui.(u-us,  tJu^,  pix^gmajuiy  being 
tliiai  known  as  //dcnsld/ui.  It  is  gmuu-a.lly  axaa^fitad  tluit  tuba, I  prog- 
riaiuyy  is  in  most  instances  the  r(^suh,  of  soirn^-  a,bnormaI  (condition  of 
the  tidM‘  nsuaily  a.  chronic  inllunmatory  change,  ddris  jirohaJily  acts 
in  (wo  wa>*s  :  tln^  cilialiMl  (^pilfu'linm,  t-o  winch  tln^  jiassagi'^  onwards 
of  the  ovum  is  bdiinasl  |,o  h(‘  dn(\,  is  lost,  ;  and  po(I<ct,s  oi*  d(^|)ressions 
a.n^  roriiHMi  in  which  tlie  ovum  tends  t,o  lodge.  Within  tlie  tulae  the 
ovum  passt:s  through  tlu^  mucosa,  a,nd  dmalops  umhuuHsath  it  or  in  the 
muscular  layt'rs.  The  IVeta!  stru(‘tur(NS  a, re  hu'nasl  in  tlie  usual  wav 
and  tlicrc'  is  giavii,  (hwclopnuait  (vf  blood  vesstls  a.rouml  (Big.  (>03)'; 
lull*  (hHudua,  is  not,  Formed,  or  its  Forma, tion  is  only  imj)cr(cet.  The 
surrounding  strmet.urcs  arc  absorlaal  by  t,lie  rhoilonie  villi  a,s  wdl  as 


Htiv'tdicd  by  the  growing  ovum, 
connuon  at.  a,  ^•omparativdy  (vuly 


then 

The 


Itupiana^  oF  the  blood  vessels  is 
piU'iod,  a, ml  tln^  liaviii()r-i’hag(^  tends 
i,o  s('para,tt^  th(^  ovum  frorn 
tdie^  surrounding  i,is8U(\s,  Rup- 
t,nre  iid':,(>  iil,i(3  'fieri toi'i (arm,  which 
is  c,H.,)'mm<,)n,  is  msnall}^  attended 
hy  S('W(a’e  h;"e,n"i()rrl"i,a,g{g  and  this' 
'ma,y  h'v'rd.  t;,(')  a  :hd:4il.,  res'i'ilt,  even 
at.,  a,  ('inite  (.laily  stage  of  the 
preg'na,'i:"UAn  OcH'iasitlnally  t  h  e 
] ,)  I  a<  *i:  m  t a,  m  'n \  e.s  separated,  from, 

tlie  ruptured  tidie  and 
attael'ied  to  the  peritoneum.. 
fre.t"U8  :ma,y  i",l;ien  reach  various' 
stages  of  ('.levelopment,  abdominal 
|)reg'i'ia,i",'icy  ('if  t.he  secondary  type 
resulting.  'The  feetns  may  die, 
mid  become  cmcapsulatedj  and'  at 
a  later  period  may  be  the  ..seat 
of  calcificatio'rg  the  result  being^ 
k.n,ow.n  as  a  Uthopmdion.  In  a 
<;onsiderable  number  of  cases  a 
live  child  ■  has  been  removed  by' 
(':.)|:iera,tion  from  ,  the.  peritoneal', 
t.hat,  in  (vxt,i‘a-"ut(^ri.:"nc.^  |,)regn,ancy  decidua' 
cavitiy  a, mi  may  bec'iome  separated',', and' 
(^as(^s  a,r(^  on  nanird  wlnur's  diorion-epi- 
thelioma  lias  devdofxsl  in  a,  t,ulK‘  as  a  scumndary  nssult  of  tubal 

pregnancy. . 


Kiu,  liUJL  iS<'cU(>n  rlirouch  t.ubnl 
pn^gna-tU'.y,  showijifj^  ttio  vory  vuh*, 
rulur  waflj  oinliryo  "ih  wM'tU  in 
Uic  uppcir  portion.  /. 


cavity.  It  is  f,o  b<^  not.iv 
forms  wifbiu  t,lH^  ni,(u'in(‘ 
fiassed  a,s  a  ui,(nlne  cjist,. 
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Syphilis  of  the  Placenta.  Important  structural  changes  are 
produced  in  the  placenta  by  syphilis,  but  it  is  often  impossible  in  any 
given  case  to  say  whether  a  lesion  present  is  syphilitic  or  not.  In  many 
undoubted  cases  of  syphilis  the  placenta  is  heavier  in  relation  to  the 
child  than  normally,  and  its  consistence  is  somewhat  denser  and  its 
colour  paler.  The  chief  change  is  an  increase  of  the  connective  tissue 
of  the  villi,  sometimes  attended  by  growing  together  of  villi.  This 
change  leads  to  a  diminution  in  the  blood  supply  and  thus  interferes 
with  the  nourishment  of  the  child.  While  spirochsetes  have  been 
found  in  some  cases,  they  occur  only  in  small  numbers  ;  and  in  many 
cases,  even  when  the  internal  organs  of  the  fcetus  are  swarming  with 
the  organisms,  it  is  not  possible  to  find  any  in  the  placenta.  Accord¬ 
ingly,  while  the  organisms  can  readily  pass  through  the  placenta  from 
the  maternal  to  the  foetal  blood,  the  placental  tissue  does  not  form  a 
suitable  soil  for  their  growth.  And  in  any  given  case,  the  question 
as  to  the  presence  of  syphihs  is  much  more  hkeR  to  be  answered  bj 
an  examination  of  the  fcetus  than  of  the  placenta. 

It  is  especiaUy  to  be. noted  that  the  presence  of  necrotic  areas  or 
infarcts  of  the  placenta  must  not  be  taken  as  evidence  of  sj'philis.  These 
infarcts  may  be  of  considerable  size  and  in  considerable  numbers  ; 
they  are  usually  irregular  in  form,  of  yeUowish-white  or  pale  red 
colour,  and  of  dull  necrotic  appearance.  Such  infarcts  occur  in  a 
variety  of  conditions,  and  those  of  smaller  size  are  not  rmcommon 
in  normal  pregnancy.  While  syphihs  may  favour  their  occurrence, 
nothing  definite  can  be  inferred  from  their  actual  presence. 

Tuberculosis  of  the  Placenta.  This  affection,  which  is  com¬ 
paratively  rare,  may  occur  in  either  of  two  ways.  It  may  be  due  to 
spread  from  tuberculous  disease  of  the  endometrium,  or  it  may  occur 
in  acute  miliary  tuberculosis  of  the  mother.  In  the  latter  case,  the 
bacilli  settle  on  the  epithehal  covering  of  the  villi  arid  then  penetrate 
their  substance  and  give  rise  to  tubercles.  Infection  of  the  f^tus 
may  follow,  and  thus  a  congenital  form  of  tuberculosis,  usually  of 
mOiary  type  with  marked  afiection  of  the  liver,  is  ^produced.  ^  But 
such  an  occurrence  is  very  uncommon  and  plays  a  trifling  part  m  the 
spread  of  the  disease ;  and  the  vast  majority  of  cases  of  tuberculosis 
in  very"  young  infants  are  the  result  of  infection  after  birth. 


The  Placenta  in  Haimolytic  Disease  of  the  Sewboni. 
enlarsement,  paUor  and  oedema  of  the  placenta  occurs  m  cases  of  hydrops  fixialis 
fn  S03)  and  when  a  severely  macerated  fcetus  is  born,  the  state  of  the  placen  a 
mav  indicate  the  nature  of  the  condition.  MieroseopicaUy  the  placental  vilh  are 
greltlyswoUen,  fibrous  and  oedematous,  the  langhans  cell  layer  peKists  on  thexr 
Lrface  and  there  is  usually  evidence  of  eiythroblastosis  m  the  vessels  and  strorna 
of  the  vilU.  In  the  less  severe  grades  of  h^molj-tie  disease,  e.g.  icterus 
Ifthl  placental  changes  are  usuaUy  less  conspicuous  and  the  organ  may  look 
normal  but  the  cord  is  often  somewhat  bile-stainecl. 
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Iiithiniiniitory  Changes 

i){  lumti)  i;!iHanuiia.tory  ca^ricjitvixaiiB  of  the  fetiialo  iriaiiuria  two  main 
forms  a.re  lusually  r<M:a>g,nis(ah  a,  iuni-Hvip|ni:ra,fyivo  and  a  suppurative 
aaid  tfieae  Inive  widc^ly  dilTmaaii;  i’(\sylts. 

(a)  Acute  Non-suppnrafive  Mastitis,  l^he  conimonest  type 
(H-rurs  in  (•omuH'dion  with  lanl.adion,  and  is  Unis  a,  form  of  puerperal 
masUtis  ;  it  is  mainly  a.  eondition  of  (a)ng(‘,st,iv(^  swelling  a,nd  (XKiema 
tiiough  a.Uxaidial  by  some  pynaxia.  It  may  result  from  hloekiiig  of 
duets  or  from  <xirly  stojipagi^  of  suekling.  A  somewhad  similar  type 
of  ^  inlla.mmatory  l(\sion  ’  may  Ix^  met  with  a,t  puberty. 

{h)  Acute  Suppurative  Mastitis,  TIk'-  most  important  form 
of  this  lission  is  a-  supfiura.ti V(^  (uindithm  whi(‘.h,  like  the  above,  is 
spi'cially  rx^latcd  l,o  lav.tnfjom  a.ud  is  tlu^  r(\sult  of  baeUuaal  infection 
by  tfH‘.  <lu(*.ts  or  Uirough  sonu^  a.l>rasiou  or  lissun^  of  tln^  nipple.  It  is 
msually  (^ansixl  by  slaphyloeocan,  s()m<a-im(\s  by  st,rc^pi.oe.{)e(u.  As  a 
rule  th(m(‘  an‘  W'vm'af  foci  of  suppura.tioii  wbieh  may  b(Ma)me  eonfliient 
and  form  a.  sonuwvhaf.  lo<‘ula,(.(xl  abseasss,  and  gra^at  destruetion  of  the 
bnaist,  may  r<‘snlt  ;  som(dnm\s,  (^s|)(aua.lly  in  (ais<\s  of  streptococcal 
inleetion,  Ihv.  <‘ondition  sfinauls  di(Tus<dy  a,nd  is  of  a.  pbh^gmonous  type. 
Wlum  th('  al>s(a\ss(\s  a,n^  of  sma.ll  si/a^  they  may  h(Hu>m(^  encapsulated 
and  l(sad  to  imieli  oviMpo’owUi  of  conmx'ti v<>  tissm^  foi'ming  an  iri'igular 
indurafaoin  tlu'.  (umdition  of  th<^  hnxast  (doming  to  r<\s(nnble  that  seen 
in  primary  cdironie.  mastitis.  sup}>uration  usually  occurs  in  the 

hnaast  tissia*,  it,s(df  inira^inanmuvnj  at  isca^ss,  a.m  I  the  organisms  spread 
by  thci  duets  a.s  w<dl  as  by  the  iymphadi(‘s.  Sometimes  it  is  in  front 
of  th(^  hnaist  pnwmamniarti,  and  is  Uie  la^sidt  of  lynpihatic  infection 
from  th(^  nippli^  ;  or  oeeasioually  Ixdiind  it  •  rv.tnMmvnmmry  -usually 
dues  t.o  (cxlcmsiou  from  ahsca^ss  in  i.ho  hn^ast).  Suppuradion  in  the 
hrixist  may  o<a*.asiona.lly  (xauir  as  ifn^  n^sult  of  blood  infection,  but 
this  is  raaax 

Chronic  Mastitis.  Und<u'  this  lu^a.ding  are  xisuaJIy  included  a 
variedy  of  conditions  in  whi<di  hypin^plasia.  of  epitiludium,  eyst  fonna- 
t.ion  aaid  hdi(a\stitja,l  ov(’.rgrowtJi  pn^sxmt  in  va.rying  combinations. 
The  griMvt  majority  of  smdi  conditions,  however,  are  of  the  nature  of 
horanonat  dist<urha,mn‘s  a.ud  a.r(‘  not  of  intlammatory  nadure  ;  these 
will  l)(^  eonsid('n'd  unchu’  a.  s(‘pa.rad(‘  luaiding.  Ohronic  mastitis,  in  the 
strict  s(ms<%  is  a  hx^aliscxl  h^sion  whidi  may  follow  axmto  xnastitis  or 
oiujusionally  aft(*r  <lifri(adt  ,la.<datioii,  c\sp(xaaJly  wlum  there  has  been 
soiU(^  inleetion,  (ag,  from  (U'a.(d«xl  nipph^s.  In  sotm^  e.ases  prolonged 
inhxdion  h^ads  to  a  e-omxaitrici  new  Idrmadioii  of  fibrotis  tissin^.  around 
the  lunum  of  th<‘  duetts  (auising  local  ohstruedion.  (nuistitis  obliterans). 
.Uiedention  of  fadty  sexuxdions  (xxvurs,  tlu‘  lining  of  the  ducts  is  dcscjuam- 
atexl  ami  tint  wall  IxHtonuss  uleeuutexl  with  tint  formation  of  granulation 
tissiK'!  in  which  tubmadet-like  follud(\s  with  giant-c-ells  devcio])  in  response 


REPRODUCTIVE  SYSTEM  ■■  9S5 


to  the  fatty  substances.  Plasma  cels  and  foamy  macropliages  are 
abundant  but  polymorphs  are  also  numerous  as  a  rule.  The  lesion 
forms  an  indurated  mass  close  to  the  areola,  but  may  be  larger  and 
multiceiitric,  occupymg  a  whole  c|uadrant  of  the  breast.  The  condition 
occurs  chiefly  in  the  later  years  of  reproductiTe  life  and  has  been  called 
‘  plasma- cell  mastitis  ’  but  this  name  has  little  to  reconiiiieiid  it.  It 
is,  however,  of  some  importance  as  it  may  be  readily  mistaken  clinically 
for  maligiiancj''  or,  on  cursory  histological  exaiiiinatioii,  for  tuberculosis. 

Traumatic  Fat  Necrosu.  This  lesion  is  usually  in  the  form  of  a  loealised 
film  or  even  hard  mass  in  the  fatty  tissue  of  a  breast  that  is  adipose  and 
Tienduloi'is.  It  may  underlie  and  be  adherent  to  the  skin  and  has  not  infrequently 
been  mistaken  for  carcinoma.  Tliere  may  be  a  history  of  traumatism  but 
frequently  this  cannot  be  obtamed  ;  the  lesion  has  occasionally  been  obser\  ed 
after  operations.  The  appearances  vary  at  different  stages  but  there  is  often 
a  central  cavity  or^  pseudocyst  containing  oily  fluid  which  may  be  brovh  in 
colour.  This  is  surrounded  by  a  broad  zone  of  dull  yelloyyish -white  tissue  almost 
of  chalk-like  appearance,  with  scattered  areas  of  similar  appearance  .in  the  oiitei 
part.  At  the  periphery  there  is  a  zone  of  e,iielosing  connect.ive  tissue.  Micro¬ 
scopic  examination^  shows  the  presence  of  cells  of  two  t^'pes,  namely  roimded 
foamy  veils  containing  small  fatty  globules  and  multiiiiieleated  giant-cells  which 
may  form  large  collections.  Many  of  the  giant-cells  coiita,in  crystals  of  fatty 
acid  and  at  places  a  number  of  them  may  he  arranged  around  masses  of  ciystals. 
There  appears  to  be  usually  comparatively  little  doubly  refracting  fat.  The 
lesion  represents  the  result  of  necrosis,  follow-ed  by  a  slow  lipolysis  nlong  wit.li 
phagocytosis  and  other  reactive  changes  tow'ards  the  products  of  disintegration. 


Tuberculosis.  It  is  often  stated  that  tuberculous  infection  of 
the  breast  is  of  rare  occurrence,  but  in  our  experience  it  is  not  very 
uncommon.  It  may  be  the  result  of  hsematogenous  infection,  a  few 
bacilli  being  carried  by  the  blood  stream  from  some  other  part,  or 
more  often  it  may  be  due  to  lymphatic  or  direct  spread  from  some 
lesion  in  the  vicinity,  for  example,  from  caseous  axillary  lymph  nodes 
or  tuberculosis  of  the  pleura  or  ribs.  The  bacilli  settle  in  the  interstitim 
tissue,  invade  the  lobules,  and  cause  the  formation,  of  tubercles  whi.eh 
may  spread  to  the  sub-epithelial  connective,  tissue  of  the^  ducts  and 
acini.  Ulceration  may  then  occur  into  them  and  the  baemi  may  be 
s.pread.  by  means  of  the  ducts.  Sometimes  the  affection  may  Ue  . com-  „ 
paratively  localised  and  lead  to  a  large  caseous  swelling  which  may 
.simulate  a  tumour  growth  .;  sometimes,. .again,  the  lesion  may  .be  more 
of  the  nature  of  a  diffuse  infiltration  mth  nodular  thickenings,  and 
thus  it  .may  resemble  a' chronic,  interstitial  mastitis.  In  view  .ol  tlm 
■  histological  similarity  of  various  non-tiiberculous  lesions  the  diagnosis' 
of  mammary  tuberculosis  should  not  be  made  without  proof  ,tha 
tubercle,  bacilli,  are  present  in  the  lesion...  In  imtreate.d  .ca.s.es,  the 
.ca.seous,  change  may  spread  to  the  .q.iirface  of  the  breast  and, ulceration 
with  formation  of  a  sinus  may  re.sult. 

Syphilis.  The  primary  sore  sometimes  occurs  on  the  nipple  when 
wet  nurse  suckles  a  child  afiected  by  congenital  syphilis.  In  the 
secondary  stage  the  usual  papules,  mucous  patches, 
with  Gumma  of  the  breast  is  comparatively  rare.  M  e  have  seen 
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(!C)iisi(lcr;ihlo  a.irir)imt  of  iKHa*osiH  of  the,  bix^a.sf  i, issuer  (xnair  aw  the 
msiilt  of  thm  Insio!!,  and  tha  struotnraJ  oulJiiu^s  of  ihi^.  (i(‘a(rtissue 
may  ho  iiiaJntanaHl  for  a.  considora.hh^  ixa-iod  of  tinua  As*  in  other 
parts,  a,  giunnia,  !»iay  umhvrgo  fibrous  (*()nf,raof.ion.  Tluw  is  little 
doubt  that  irriinary  loc^al  fibrosis  of  tlu^  binast,  may  Ix^  produced,  L 
sy|)bi!is,  iuit  unless  gunirnafous  oliangu^  a, Iso  b(^  pnvscait,  tlaun  is  no 
ru(miis  ty  wbi(di  its  iiatun^  (aui  bo  ddinitoly  r(aa)gnis(Hb  unless  of 
(SMirsca  by  tla^  finding  of  sj)iroohavl <\s.  ’  ' 

Aoliiioinycosis.  A  bnv  cases  of  this  inhadaon  ba.vo,  Ihhuii  nHxu'ded 
l)ut  IJh‘.  oondii.ior)  is  very  ra.ro.  It  has  Ixaui  known  f.o  (uxUaxl  to  the 
luxaist  tlirough  tlie  (du^st  wa.Il  from  f.lu^  |)Ioura,. 

Sfyporplaslio  Cysfic  DisSease.  This  s(xuns  a,  suita.bk^  torni  for 
conditions  in  which  fixun  is  a,  remarkabh^  va,ri(d.y  of  ('pitlxdial  changes, 
bof.h  fiuda, plastic,  and  iiy p(u*j)Ia.s(.i(',  oft(m  asscxaaXcd  with  (yst  forma- 
(ion,  !n  sotm^  <‘as(‘s  cyst  formation,  in  of.lxu’s  (^piUxdial  liypcrjdasia 
is  tlu^  promimmf.  fca.lnin  ;  a.nd  tlx^  i)roportion  of  these  (dianges  may 
vary  in  difkavut  f>a.rl,s  of  liu^,  sa,m<^  biva.st.  Idx^  t(u-m  which  wn  have 
uso.<I  ('.onvsponds  in  a,  g(m(M'a.l  way  wif.h  vKf.^/.ifX  chronica  cyMica, 
AS(duitnn{dbus(dds  dis<‘a.s<‘,’  and  IMo  cy,sf.iphoroK,s  (lcs(/aani<tfiva  cphhdial 
h!//}crj)f({-,sici.  nm\\r;\i\o.  ddu'  <-ondil,ion  is  also  spolcui  ollis  wado'palhy, 
a.  t(aan  which  is  conv(Mii(m(,  bu(.  actually  of  too  compivlunsivc  sig- 
nilicanc(‘.  It.  may  b(‘  ('oiua'uicMdly  d(\S(aMb(‘d  as  oc.c.urring  in  two 
Ibians,  a.  gciua'alis^al  and  a.  loca.lis<‘d. 

I'lu'  (jcfwralisvd  t.yp(v  occurs  most  fnxpumtiy  itj  (duldless  women 
aixl  is  oltcai  associat<‘{l  with  uKaistrual  disturbance^  ;  it  tevnds  to  he 
progivssiv<>.  Starting  hxnJIy,  it.  conu's  tn  aflbed.  t.lu^  biva.st  generally, 
and  l)oth  bnsists  may  In^  involvesl,  sound. inuss  simult.a,n(X)usly.  The 
coniHMdivo  (issue  in  the*  alhadexl  parts  is  lirnua*  in  consisteaxu':  and 
has  a.  (*oar*s<‘  or  sonunvhat.  nodular  (diara,(d.<a*  i.o  f.lu^  t.omdi  ;  a,nd,  on 
sexdieuu  stuall  cysts  of  varying  si/a^  are'  pre'semti  in  the^  indurated 
lobule's.  1  he'  e*ysts  ai’e*  usually  smalle'r  t.han  a.  peai,  e)f'tie'n  cjuite':  minute 
anel  arrangexl  in  edust.e'rs,  anel  f.he'  bresi.st  may  be'  stnelelexl  vdth  themi. 
()ce*a,sioualIy  owo  or  me>re'  may  re^aedi  a,  la.i’ge'  size'.  Tlu'ir  e*.e)nt('.nts  are 
a.  seune'wha,t.  thin  mue-e>ie|  lliiiel  whie'h  va.rie's  in  e^e)Ie)ur. 

,  On  mieTose'e)[)ie*,  eaxa,mina,tie)n  tJie^  st.rued.ural  fca.tnre's  arc  found  to 
be  of  gre'ad.  va.rie'ty,  but  tdu'v  ma.y  be'.  a.rra.ng<'el  imelcr  tlu^  ibilowing 
thre'.e'.  he'ue lings,  viz.  (u)  cyst.  foiina,t.ie>n,  (/>)  e'.[)it.he'.lia.l  liypcrplasia, 
and  (c)  tibre>sis.  Oyst.  (eu’rnat.iein  be^gins  by  dilat.at.ion  of  (buds,  though 
ae'iiii  adse)  be^(‘e)me^  implie'ate'el.  It.  appe^ars  to  elegxmel  Uj)on  an  abnormal 
Hce'.rction  by  t.hee  e^pitlu'lial  lining,  t.liough  subsexpi(‘,nt  oblit.(wation  of 
dneds  may  play  a.  part.  ;  it-  is  a,ce*ompa,nie'el  by  pre)lilcrat.ie)n.  ai,id 
(lessepuimat  ie)!!  e)|  es'lls  a.nel  alse)  by  me'ta,pla.sia,,  a.  ue)t.  nne‘e)mme)n  cxam})le 
of  the*  la.i.(.eu’  Ix'ing  an  ine'i'e'ase'  in  t.he^  size^  e)!'  t.lie'.  ex'IIs  a.tt('nd(xl  by 
fc'a.t.be'ry  a.pp(‘a.i'a,ne'e'  anel  ine'r(*a,s('el  <‘e)sino[)lulia.  of  t.he^  protophism. 
Se>nH'.  writer’s  r<'ga,rd  this  e'e)sine)pbil  (g)it.Iie'lium  as  a,  liomologuc  of  apo¬ 
crine^  sw('a,t-gla.nel  (^pitlu'lium,  a.nel  (.lu'  revsult,  of  m(d.a;pla,sia.  (Jcrtainly, 
wc  have  Ix'cn  able^  te>  tra,(!e^  transitions  bedwex'ii  it  and  the  ortlinary 
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type  of  epitlieliuin,  both  mthiii  cystic  spaces  and  on  the  surface  of 
papillomata,  and  it  has  been  shown  that  spaces  lined  by  the  eosinopM 
type  are  in  dhect  coiiimmiicatioii  vdth  ducts.  The  hyperplastic  change 
affects  the  acini,  there  being  at  places  hicreased  formation  by  biidcEng 
or  by  ingrowth  of  papilMforni  processes.  The  latter,  liowerer,  is  most 
marked  witliiii  the  ducts  and  not  infrequently  there  are  broad  branching 
processes  covered  mth  epithelium  as  in  the  ordinary  duct  papilloma. 
In  other  cases,  the  stroma  of  the  papilliform  growtlis  is  in  finer  bands 
and  the  epithelium  is  more  abundant.  In  other  cases  again,  there  is 
almost  no  stroma,  the  epitliehal  cells  forming  large  masses  wliich  may 
show  at  places  a  tendency  to  acinous  arrangement.  As  a  final  stage, 
though  this  is  much  commoner 
in  the  localised  form  of  the 
disease,  ducts  may  be  lined  by 
several  layers  of  irregularly 
arranged  epithelial  cells  or  be 
filled  with  masses  of  these ; 
their  nuclei  are  often  h}q3er- 
chroniatic .  or  show  aberration 
in  t}q)e,  and  the  whole  appear¬ 
ance  is  that  of  mahgnant  neo¬ 
plasia.  The  term  inirndiid. 
carcinoma  may  then  be  suitably 
applied  (Eig.  610). 

A  corresponding  change  may 
occur  within  acini,  resulting  in 
intra-acinous  carcinoma  (Eig- 
611).  Erom  either  lesion  a 
break  through  of  the  malignant 
cells  may  follow  and  lead  to 
ordinary  infiltrating  carcinoma. 

The  accompan^nng  fibrosis 
(Eig.  604)  varies  greatly  in  its 
amount  and  distribution.  It 
often  occurs  around  the  acini 
and  leads  to  their  atrophy.  n  i 

At  a  late  stage  there  may  be  present  a  comparatively  acellular 
connective  tissue  in  which  ducts  and  acini  are  scanty.  Hyperpl^a 
of  stroma  may  also  occur  in  association  with  that  of  epithehum 
and  there  are  not  infrequently  smaU  tumour-like  nodules  of  the  mtra- 
canalicular  type  (p.  989). 

Cystic  change  may  occur  also  about  the  time  of  the  menopause 
or  thereafter,  and  may  afiect  both  breasts.  It  is  apparently  the  result 
of  abnormahty  in  the  process  of  involution  of  the  mammary  tissue. 

The  lomlisei  hyperplastic  disease  is  much  coroner.  It  usuaUy 

starts  in  the  child-hearing  period-in  other  words,  before  the  cancer 
ave  4  certain  amount  of  pain  may  result,  but  verj^  often  the 


Fig.  604.- 


— Hyperplastic  cystic  disease  of 
mamma. 

Note  fibrosis  around  acini  .and  formation  of. 
small  cysts  at  places  ;  a  smaE  papiUomatous  growth 
within  a  duct  is  seen  on.  the  top  left  curiier.  ,‘v  -*o. 
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cniidit.iDii  iM  HyiH|)|.(VfTi!<%sH.  U  may  g}va  rise  tio  irre^j^ular  iiicluratirm  and 
<“a.ll  ior  surgical!  rcuiioval.  (,)ii  iha  oihar  liaud,  W(^  lUai  ii;  very 

(‘seapes  uoIBm^  (dian-r  of  ii,s  friMfueid,  iiic.idcnicc^  is  crJt 

from  ivxa.uviiia,iioii  oi'  broa-si.s  nunoved  f()r  (airciinortia.  Oui-  (axperiouce 
is  iluif  iti  fhe  griait.  fiuij()rify  (sf  caisc^s  of  raa-oinorna  a.  hasiou  of' this  kind 
eau  he  found  a^s  a  |)n^-exiHi,iiig  e.oiidifioii  ;  with  regard  i,()  this  w(‘ art'  in. 
agnaatMait  with  (Jlica^itha  Tim  (‘hajigcas  a.iv.  of'  siiui!a,r  uafiun  to'tliose 
(Ies(ailH‘d  in  tlu^  gcaa^ra, lined  forms  l)uf  (‘ysf,  f'ormaiion  is  ofUm  slight 
or  nhseut,  and  tla^  main  ehanges  are  forms  of  c^pifJadiaJ  hy[Ka'plasia 
ttaaninating  noli  infreqmajtly  in  intradmd,  (‘aj'canonui.  '  ’ 

1  fa^  rcvlafion  of  hy|)(‘rj>las|(ie  eysf  ic*  discMsc^  to  eiiiaanoina  is  still  a 
lUiMar  of  (a)nt.roversy.  I'lnit  th(‘  rorima-  is  not,  infV(MjU(aifly  a  pre- 
eane<‘rous  e.ondition  is  undoubtocf  l)ut  in  wbaf  proportion  of  (.aiscs 
it  is  not  possible'  to  say.  In  our  expc'rievne.e  it  is  not  eommon  to  fiiul 
eauatinoma  eh^vedopijig  in  a.  i)r('a.st.  whieB  would  b(^  (^liiucudly  r('(a)gnise(l 
as  detiniisdy  (i\siJ(a  On  i  lu'  oi-her  luimb  iu  laxaists  reiiii()V(Hl  f()r  (uuuior 
if.  is  praetieidly  ilu'  rule'  to  fine!  leaailised  ]iy|)e'rplasti(‘*  disexise'.  TJie 
le'sieai  is  e)lf,e'n  of’  sueB  a  nature'  that  it  would  remain  unele'te'edxxl 
edinieally.  Some*  lurtlu'r  faeds  are*  give'ii  be'Ieiw, 

Etioloijy.  ddi<‘re>  is  no  eo'ieh'iie'o  that  eyslB',  hyperplasia,  is  tli.e 
te'SuK-  of  inllamiua tory  e'liange*-  eause'd  by  mie'rei-orga.nisms  or  in  some 
othew  way;  (Be  use^  of  <.b(^  form  Anasfitis  ’  is  (Bus  ne>t  justifiable. 
The^  e‘hang(',s  de'se'rilx'd,  e'spea'iaily  (Bose*,  in  Urn  more^  ge'ne*.ralis(H[  type 
of  the',  dise'asey  ratBea*  re'pivse'ut  f.fu^  edfex't  of  wieh'spre^axl  nutritional 
disf-urlainee*  brought,  abeiuf.  by  e'ueioe'rine^  agemey.  ddiis  vit'.w  has 
nas'ivtal  st.rong  supjiorl,  from  the  exiie'.riinental  work  in  loe^emt  times. 
It  has  bes'ii  shown  ly  Larassagne^  aod  otlu'rs  l-hat  inje'eetion  of  mstrone 
in  rnale^  mies'.  lirings  about,  growth  and  ot.luu'  eduinges  in  t.lu^  rudi- 
ment.a.ry  nuunimiry  (.issuer  anel  tluit  <‘a.reine>ma,  may  follow.  These 
rt'SuK.s  elo  not.  shenv  (.baf.  e^ystie*  hype'rplasia.  is  t.lu'  e'lfe'ed.  pure'ly  eif 
erxe^<\ss  of  eost.rone*,  but.  tB(*y  are'  el(‘eid('dl\'  in  la\'e>nr  olM.lu'.  vie'w  tJiat  it 
re'presseait.s  (.he*  re'sulf.  e>(  disl.urba.mu‘  eif  ('iideieaBu*  bala-nea*.  It  is  known, 
ior  insi.aiUK',  tliat  preige'st.e'reine*  alsei  is  esima'rm'd  in  t  Ju*  varieius  e.yelie.al 
eduinge's  nat  urally  ex'.enr'ring  in  ( lu*  iminima,  and  t-lu're'  is  sonu*  e'vidc'ucc 
tiuit  it.  may  be'  eh'lioient-.  At.  pre'se'iit.,  Iieiwe've'r,  iJu*  reail  nature  and 
(amsat-iein  of  the'  snppe)se*el  liormemal  elist.nrba,n(H^  aia^  unknown. 


Hypertrophy.  se)  (‘hIIc'U  hypeirt.ropliy  of  the  rnanuuai  is  reuiUy  a  psotido- 

hypex't-rophy.  'the  ('onUilBni  eiHually  ehnadopH  ahori.fy  after  pahea-ty,  though 
Hoiuea.imem  at  a  hi, tea*  pea’ioel  iti  eoimeie’tion  with  jireif^naney.  It  is  edia-raesteuiscel 
hy  a  progrewHive  eailargeiueait  anel  ultima, t.e^ly  the  nuitnrrue  nuiy  reae'h  an  miorrnous 
Hi'/e),  HO  tlmt  the^y  may  wea’gh  Hovaa’al  kilograms.  daHoailargcauent  is  due.)  to  a  groat 
imiroaKo  of  the  (‘onnoetive  tisHue,  whic'h  is  aeift  a,nd  (edematoUH,  and  also  of  the 
adipoHei  tisHoo,  tho  projxirt.ion  of  the)  two  tiHHue)H  va.ryiug  in  elirfex'oat  canos  ; 
,sontX)(,ime)H  tho  a, mount  of  lat  in  not  gre^at..  M'hea’ei  In  n.snaJly  no  aetiud  iiicroaKO 
ol.  tlx)  ghmdular  tiHSue^  arxl  it  ma,y  fiei  rela,f,iv'ely  H<'an(.y*  Nothing  is  known 
with  regard  to  the  moelei  of  prodnelion  of  this  iii,l>norma,lity,  a-lthough  its  general 
feeiturexs  Htiggest  an  eneloerine'i  origin.  In  some  inslaix'e's  iJx)  onset  of  t.lio  hypor- 
treiphiei  eiuinge  lias  hoen,  atleaxdeel  hy  amonorrheea. 


989 


REPRODUCTIVE  SYSTEM 

Gynecomastia.  Hj^ertropliy  of  one  or  botli  breasts  is  not  very  rare  in  the 
male  during  later  adolescence  and  seldom  requires  treatment  unless  for  cosmetic 
reasons.  The  enlargement  is  rarely  severe,  but  it  may  be  associated  with  dis¬ 
comfort  and  even  tenderness.  The  swelling  is  due  to  hyperplasia  of  the  mammary 
ducts  and  stroma  and  few  acini  are  present.  Occasionally  a  more  pronounced 
enlargement  may  result  from  an  underlying  eiidoeriiie  disturbance  such  as  an 
adrenal  cortical  tumour,  or  from  disease  of,  or  injury  to,  the  testis. 

Congenital  Abnormalities.  The  absence  of  one  or  both  of  the  mamma 
amazia — is  rare  ;  in  some  instances  it  has  been  associated  with  a  corresponding 
defect  of  one  or  both  of  the  ovaries.  Atkelia,  or  congenital  absence  of  the  nipple, 
is  less  imcommoii ;  it  usually  occurs  on  both  sides.  Hypoplasia  of  the  manimse 
is  met  with  in  association  with  a  similar  condition  of  the  ovaries  and  other  parts 
of  the  genital  system.  The  teim  polymastia  is  applied  to  a  condition  v^here 
there  are  multiple  masses  of  glandular  tissue.  Such  an  accessory  masts  maj¬ 
or  may  not  possess  a  nipple ;  in  the  former  case  it  is  usually  rudiiiientary  but 
sometunes  the  milk  is  secreted  through  it.  SuperiimiieraTy  yiiaiiiiiiaiw  structures 
are  most  frequently  met  with  below  t-lie  maiimuB,  alt-hough  sometimes  in  otlier 
parts.  The  term  polytheUa  signifies  the  presence  of  iiailtiple  nipples. 


A 


Tomours  of  the  Mamma 


‘^Simple  Tumours.  The  commonest  simple  growths  are  the 
adenomata,  and^  of  these  there  are  several  varieties  ;  the  hard  fibro- 
admoma  and  the  cystic  adenoma  representing  the  extremes.  The  fibro¬ 
adenoma  occurs  in  the  form  of  a  well-circumscribed  and  somewhat 
elastic  rounded  mass  which  may  sometimes  reach  7  cm.  diameter, 
though  usually  it  is  smaller.  It  is  distinctly  encapsulated  and  is  easily 
shelled  out.  This  tumour  arises  from  the  whole  anatomical  unit  of 
the  mammary  lobule  and  two  forms  are  usually  distinguished  according 
to  the  mode  of  growfib,  namely,  the  pericanalicular  and  the  mtra- 
canalicular  ;  but  both  types  of  gro’sv'th  are  usually  present  in  the  same 
tumour.  In  the  former  (Fig.  605a),  the  epithehal  arrangement 
resembles  that  in  the  normal  breast,  and  there  is  an  associated  gi’owth 
of  connective  tissue  and  epithelium,  though  in  varying  proportion; 
sometimes  the  stroma  round  the  acini  is  very  loose  in  texture.  The 
type  of  growth  in  this  tumour  corresponds  with  the  normal  develop¬ 
ment  of  the  mamma  and  the  tumour  often  occurs  in  the  early  years  of 
adult  life.  When  the  stroma  is  scanty  the  term  '  adenoma  simplex 
is  sometimes  applied  in  contrast  with  the  commoner  fibro-adenoma. 
In  the  other  type,  intracanalicular,  there  are  seen  on  section  numerous 
curved  and  branching  clefts  each  side  of  which  is  clothed  with  epithe¬ 
lium  (Fig  6056).  This  structure  is  really  produced  by  the  growth  or 
blunt,  rounded  projections  of  fibro-cellular  tissue  into  the  lumen  of 
ducts  and  acini.  The  covering  epithelium  keeps  pace  with  the  stroma 
in  its  growth,  and  thus  the  typical  structure  is  produced.  Such 
<rrowths  are  sometimes  multiple  and  may  occur  in  association  with 
h'stie  disease  and  they  then  appear  to  occupy  an  intermediate  position 
between  hyperplasia  and  true  tumours.  As  Cheatle  has  shown,  the 
site  of  origin  is  inside  the  elastica  of  the  ducts.  In  some  mtracanalicular 
fibro-adenomata  the  stroma  is  very  cellular,  or  even  myxomatous,  and 


»!•(»  i-;()()K  oi*’  l•A'^lI()^,()GY 

(  hr  in.i.ss  VCI'V  far, ye  si/,r  ( h'iy.  liOd).  ,S„„i,  tr|.<,w(,|,s  kaid  to 

ivcair  aJ'Ici'  operative  n-iuovaJ,  c.siKaaa.Ily  if  ‘  alicllcd  out,’  and  in  tlio 
n'cnrrcnco  HaiToiuaioiis  cliaiirv  may  occur  in  tlumstroma..  The  term 
mknommima  oi'  Hrodic’s  .srrn-f7/.s'//‘r  mmmia.  in  orten  applied.  Another 
lonn  ora-ilcnonni.  is  one  in  vvliich  tln-rc  is  a,  lorrnathiri  of  luirncrons  small 

cysl-s  n-itli  comparatively  sc.aaity  sla'oma. . riiMadvnown.  In  tliis'tvpe 

th('  ('pithelial  cells  aie  la.i'cer  a, ml  more  coinninar,  and  not  inrre(|iumtly 
small  papilliform  inerovvtlis  form  wilJiin  tin'  eysis.  Another  variety 
is  tliaf  in  which  a.  i7\'st  hccomes  lilled  with  pai|)illif(n'm  ingrowths  ■  -the 
pi'oliferons  (ype  ;  l-lie  cyst  may  I’oa.ch  a.  gn'af  si'/ay  may  nhaa'ate  and 


Fmi.  (U>r>,  fMlt'iionui.  t)("  hn'H.sl,  slxuvitiji';  i.fu'  Idohg  pi'i'iniciuous  Hld'Otnih, 

hi  jihu’tvd  ihe*  |,!,'ro\vj}i  hns  ii,  piM'ifiina,! icnln.i’  HiiMictdii’C!  (g),  ii,|.  oUhm*  ptu’t-s  U)i 
in,(.rii,cimMlicula,r  ni’t’n.uppmcni  (/>).  'ri'minii ions  iid’<^  himmi,  hi'lAvtuni  two 
(y{Mis.  n>, 

biirsti,  a.  pa.pilloniaious  ina.ss  ina^'  skin.  tSuch 

ti;r()\vt4»s  ara  usually  simpk^  in  (*.liara,(‘t(a‘,  but  ()(',(‘,a,siouaJ,Iy  cai‘(aaoma 
duvulops,  (‘SjaM-ially  in  cuiuuM't  ion  with  t/ha  t*yslo(^  a^iul  prolitVrous  types. 

'’riuii  duct  pupillonia  is  a.  rouiakal  a.tul  |>(aluu(UiIaX(Hl,  Fonn  of  growth 
which  forms  within  a, in  I  <lis(,(m(ls  a.  duct,  oftcui  a-  hi<^li(^aJ  sinns.  Such 
a.  growth  allows  a.  brajiching  si.i’onia.  of  va.rying  a, mount  (^ov(',rcd,  by 
(^[litlu^liuiu  (h'ig.  (>07).  Th(M*o  arc  nsiudly  mult/i pic  growths  present, 
bull  one  may  bo  spc(‘, hilly  noti(aaibl(^  and  may  nauili  the  size  of  a 
(cherry  or  Ixi  even  larg(u‘.  I)is(;ba.rge-  of  stMuadaon,  aaid  often  bleeding 
from  the  nipph%  may  be  prodmaal.  TIh^  oecurren(‘,e  of  papilliform 
iugrowtliH  of  dilTerent  tyiies  is  viu'y  common  in  cystic  disease,  and 
it  is  then  not  possible  to  dntw  a*  line  between  hyticrplasia  and  true 
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tuiiioiir  growth  (p.  987).  Milieu  iiiiiltipie  smai!  iiitradiict  papilloiiiata 


are  present  in  the  breast  the  de¬ 
velopment  of  carcinoma  is  in  our 
experience  by  no  means  rare, 
and  occasional^  this  occurs  in 
several  foci. 

Other  forms  of  simple  growth, 
such  as  pure  fibroma,  myxoma, 
chondroma  and  Jisemangioma,  may 
be  met  with,  but  they  are  all  of 
rare  occurrence. 

“^^Malignant  Tumours,  Car¬ 
cinoma  is  by  far  the  commonest 
malignant  growth  in  the  mamma ;  ^ 
moreover,  it  is  one  of  the  common¬ 
est  of  all  malignant  growths.  It 
occurs  especially  in  the  later  years 
of  adult  life,  about  45--65,  but  i 
is  met  with  both  before  and 
after  that  period.  It  is  some¬ 
what  commoner  in  nulliparae  ^ 
than  in  multiparse,  probably 
owing  to  its  relation  to  hyper¬ 
plastic  cystic  disease  which 
tends  to  be  associated  with 


Fig.  606.— Large  soft  adenoma  of  tlie 
mamma ; ,  the  stroma  was  very 
cellular  and  developed  sarcomatous 
characters.  X 


sterility.  Several  types  of  mammary  carcinoma  are  met  with,  hut 
these  show  the  same  essential  characters. 


The  scirrhous  form  is  much  the  most  frequent,  and  it  tends  to  pro¬ 
duce  contraction  and  indrawing  of  parts  rather  than  enlargement.  ' 
The  nipple  on  the  affected  side  thus  hangs  at  a  higher  level  when  the 
patient  is  upright.  It  may  occur  in  any  part  of  the  breast,  though 
said  to  be  commonest  in  the  upper  and  outer  quadrant,  and  it  forms 
an  indurated  area  with  quite  indefinite  margins  (Fig.  608).  The  nipple 
usually  becomes  retracted,  sometimes,  when  it  involves  the  central 
parts,  to  a  marked  degree  ;  especially’’  is  this  the  case  in  the  ayophic 
form  ^  of  scirrhus  where  the  growth  remains  of  small  size  whilst  the 
contraction  is  extreme.  Such  a  growth  gives  a  creaking  sensation  when 
cut  -with  a  knife,  and  the  cut  surface  shows  smal  yellowish  points  due 
to  fatty  degeneration  of  the  tumour  cells  ;  the  appearance  has  been 
aptly  compared  to  that  of  an  unripe  pear.  At  a  late  period  when  the 
skin,  becomes  involved,  ulceration  may  occur. 

There  is  no  situation  .in  wMcb  dissemination  by  the  hunphatics  is 
a  more  striking  feature  than  in  the  breast..  The  axillary  lymph  nodes 
are  early  involved  a.nd  soon  become  palpable  as  firm,  nodules.  Exten¬ 
sion  to  the  lymphatics  in  the  skin  is  also  of  common  occiOTence. 
The  cancer  cells  may.  form,  ,nitmerous  small  disseminated  foci  in  the, 
dermis,  or,  again,  the  infiltration  may  be  more  diffuse,  and  the  affected 


Kt(3.  (iOS,  •  S(H<’,U<>n  Uirongli  McirrhoiiH  canctM*  of  btV'aMt,  allowing  ilu^  irrogular 
(‘iun'iiatca*  <>t  (du^  growl-li  witli  iiuii'a/wing  of  (dui  nipplo.  x  1. 

obsti lujtod,  und,  o^KlonuitouH  Hwcsllinii^  ol  tho  skin  in  producod  except 
at  the  hair  foUicdcH,  wh(U‘(i  it  is  tac^kcul  down  to  Boinci  extent.  Ex- 
tenHion  by  the  lylnp}lati(^B  (xuturn  dec^ply  a-long  the  connective  tissue 
strands  to  the  pectoral  fascia,  thence  into  the  muscle.  Occasionally 
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also,  the  pleural  cavity  be  involved  by  direct  extension.  In  all 
these  situations  there  may  be  nothing  visible  on  naked-eye  examina¬ 
tion,  whilst  the  microscope  reveals  the  presence  of  small  collections 
of  cancer  cells  along  the  hmiphatic  paths.  On  this  fact  is  based  the 
principle  of  the  modern  method  of  the  treatment  of  cancer  of  the 
breast,  viz.  to  remove  as  much  of  the  surrounding  tissues  as  possible. 
It  is  to  be  noted  that  this  widespread  l^nnphatic  dissemination  of  the 
gro\\dh  occurs  with  the  atrophic  scirrliiis  as  well  as  mth  the  more 
rapidly  growing  forms.  In  fact,  there  is  an  even  gi'eater  iLkeliiiood 
of  secondary  grovdhs  in  the  former,  as,  owing  to  the  insidious  nature 
of  the  growtli,  a  longer  time  is  apt  to  elapse  before  attention  is  directed 
to  the  condition.  Ultimately,  cancer  cells  may  gain. access  to  the 
blood  stream  and  secondary  gi-o’v^dhs  form  in  internal  organs,  and 
especially  in  the  bones,  the  thoracic  sphie  and  humerus  being  very 
commonly  involved. 

Cancer  of  the  soft  or  encephaloid  variety  also  occurs,  bat  is  less 
common  than  the  scirrhous.  It  may  form  a  large  mass  or  masses 
_  with  iU-defined  margin,  and  the  tissue  is  somewhat  soft  and  often 
necrotic  in  places  ;  hsemorrhage  is  not  uncommon  and  extensive 
destructive  change  involving  the  skin  may  follow.  On  microscopic 
examination,  the  stroma  is  found  to  be  comparatively  scanty,  whilst 
the  cancer  cells  are  in  large  collections  and  often  show  marked 
aberration  in  their  characters  (Eig.  144).  An  extreme  variety  of 
encephaloid  cancer  is  the  ‘  acute  type  ’  occurring,  during  pregnancy  or 
'  lactation.  The  growtli  is  accompanied  by  lityier^mia  and  heat,  and 
a  certain  amount  of  pain  is  fairly  common  ;  sometimes  there  is  also 
some  pyrexia,  and  it  may  be  mistaken  for  a  simple  inflaimiiatorv 
condition.  It  is  of  high  malignancy  in  every  respect. 

In  the  great  majority  of  breast  cancers  the  cells  are  irregularly 
arranged  ’in  alveoli  and  are  of  the  spheroidal  type  and  quite  ana¬ 
plastic  (Eig.  152).  In  a  proportion  of  cases,  however,  the  cells  have 
not  entirely  lost  their  polarity  and  have  a  tendency  to  be  arranged 
at  - places  in  acinus-like  fashion.  The  ceils  may  be  of  columnar 
form  and  the  grovdh  resembles  an  adenocarcinoma  as  ordinarily 
met  with  *,  the  same  applies  to  carcinoma  within  ducts  before  it 
has  broken  through.  There  is,  however,  another  form  _  to  which 
the  term  ‘cribriform  carcinoma’  moy  be  suitably' applied.  It^  is 
composed  of  masses  of  closely  applied  epithelial  ceEs,,  amongst  which 
are  small  circular  spaces,  the  contents  of  which  are  often  niueoid 
(Eig.  609).  Such  a  growth  may  be  confined  to  the  ducts  or  it  may 
have  broken  through  into  the  tissue  spaces.  In  the  latter  case  the 
cribriform  t\y)e  may  be  retained  or  the  structure  may  be  that  of  ^aii 
ordinary  scirrhous"  cancer.  This  form  of  growth  is  of  service  in  tracing 
the  evolution  of  carcinoma,  as  it  forms  a  link  between  the  preceding 
hyperplastic  changes  and  ordinary  .anaplastic  cancer..  .Adenocarcm- 
oma  and  cribriform  carcinoma  may  be  a  little  less  malignant  than 
the  ordinary  anaplastic  types,  hut  the  difference  is  not  marked. 

UK 
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.1/ or  ^  colioUl  ’  caiH’or  is  a.  t-umour  n^hiiivoly  uiKronmioii,  though 
arr%'is  of  iiiiiroid  <’!ia.iigo.  aro.  not  iMir(M|uonti  in  onliiuvry  c'UJHuiioma. 
Wluai  nuH'oid  (‘ha.ngo  is  gyiaa'a.l  Fu‘.  growlJi  is  usuaily  s()niowhat  bulky 
a.iKi  ot  cluiraolorisl i(‘  tra nslu<*(‘nt>  a.pfH'araiUHa  It.  prosiuits  tlie  usual 
invasivo  (‘haracUu's  hut  on  tla^  who!(^  is  bass  inaJigiuuit  than  the 
otlua-  forms,  and  sca'ondary  growths  in  the  axillary  lynuph  nodi^s  are 
sonH‘vv!)a,ti  hd.(‘-  in  a,,pjKaira.nco.  d\)  this,  howovca*,  th(a-(^  a-n^  e.x(H^ptions. 
Ocrasionally  t.ho.  stroma  of  a,  <•, armor  umha’goos  viM-y  (oxUaisiva^  mucoid 
soldtming,  and  tluai  Iho  l.caan  avrdnotnti  ^niyx(>nial()dc:i  has  Ixhui  applied 
(Fig,  I5r>).  Lastly,  it  ma-y  inontioiHal  that  a.ia^aa  of  ,s(/ umnous 
growth  may  !h‘  nud.  wid»  in  an  ordimiry  (‘uiioor,  a,ppa,rontly  tlu^  result 


Fan  V>OU.  ‘  (-rihrilnrni  cH.nMaoiiuid  shovviitg  tuaasoH  ofciUH-or  c.oWh  arnong  which 
juv  small  <Mn-u!ar  spius-u  'Vhn  growth  is  slill  (^oaia.iiUMl  whUiu  ducts.  X  75. 

of  nnda.plasia.  T\\^^  two  (,yp(‘s  of  growth  may  inliltrate  Bide  by  side 
a.nd  tb(‘.  H(a‘()ndarv  tumours  in  tb<^  lymph  nodes  aJso  may  be  of  mixed 
(duira,od(a“. 

Intnului't  ( '(urliionid.  This  Uami  is  a,ppli(Ml  i.o  a  coudition  in 
which  tJuaa^  is  nuiliguanii  |)rohf(a'a.tion  ol  <4)ith(‘lial  (xdls  within  the 
duc.tiS  of  thc'  nuimma  ;  it'  is  simply  a.  ca.r<’inoma/  which  has  not  broken 
thi’ough  the.  walls  ol  t  lu'  dinds,  d  h(‘  condition  in  ibc.  hiigei  ducts 
(am  oft'on  la^  r(‘cognis(al  with  tin*  imkod  (y(x  hut  more  nuidily  with 
th(‘.  a, id  of  a  huis,  sinc(‘  tJu^  duct'S  a,n^  hlhal  with  (ylindri(‘.ai  masses  of 
cells  a.nd  (l(\g(a\(‘rat'(‘  latt'V  maL(a’ial,  whic;h  ca,n  sonudiinu^s  he  expressed 
as  small  worindik(‘  structauass  ;  Uie  tiaan  '  (U)nuHlo  (aii’ciuoiua  is  then 
ofUm  apf)li(al  ;  sonudinms  tJu^  (urntral  d(^g(m(a’a,t(^  material  becomes 
imj)r("gnat(‘(l  witL  lim,(‘  salts,  ddu^  dis(‘a.s(‘  may  Ix^  fairly  localised  or 
it  may  juvolvt*'  the;  duets  ovaa*  consid<‘rai)l(‘  a^iaais,  ajul  it  is  usually 
atteruhxl  by  a  (ua't.ain  a'lnoimt-  of  ovau'growtJi  ol  c.onnechive  tissue 
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leading  to  induration.  On  microscopic  examination,  tlie  cells  are  seen 
to  be  rounded  or  somewhat  irregular  in  form  and  to  liawe  a  vesicular 
and  often  liTperchromatic  nucleus  :  aberrant  types  also  may  be  present 
(Fig.  610).  There  is  in  some  eases  a  tendency  to  gland-like  or 
cribriforin  arrangement  of  the  cells  (Fig.  609).  The,  disease  is  one  of 
slowly  spreading  character  and  may  last  a  long  time  wit,hout  breaking 
through  into  the  tissue  spaces.  At  places  the  cancer  cells  may  uiid.ergo 
degeneration  and  retrogression,  and  obliteration  of  the  ducts  is  not 
infrequent  ;  such  a  process  of  healing,  however,  occurs  onl}’'  locally. 
A  corresponding  malignant  change  may  occur  within  acini — infra- 
acinous  carcuioma.  '  Thus  groups  of  a-ciiii  may  be  filled  mtli  eaiicer 
cells  mtliout  any  break-through  for  a  time  (Fig.  611). 


Iiitradiict  carcinoma 
is  a  very  common  type 
of  lesion  at  a  relatively 
early  age — before  the 

'  cancer  age.’  ,  The  pro¬ 
liferating  cells  may,  as  we 
have  said,  break  through 
the  walls  of  the  ducts  and 
give  rise- to  an  in,filtrat,ing 
carcinoma.  When  this 
occurs  the  grovdh  is  of 
the  usual  order  of  nialig- 
naiicy.  On  the  other 
hand,  when  the  disease  is 
present  in  'the  ducts  of 
the  nipple,  the  ce.lls  may 
spread  to  the  epidermis 
and  infiltrate  it,  givmg 
rise  to  the  condition  of 


j  ■"""  ■■■■ . 

Fig-.  6,10 — Section  of  intraduct  carcinoma  oi 
niaroina,  showing  collections  of  cancer  cells 
of  characteristic  appearance  lying  in  the 
lumen.  X  250. 


Paget’s  disease. 

Muir  studied  over  a  long  period  the  much  disputed  subject  of  the 

relation  of  hj^perplastic  cystic  disease  and  intraduct  carcinoma  to 
infiltrating  carcinoma  and  the  following  is  a  summary  of  Ms  conclusions. 
In  the  first  place,  in  the  vast  majority  of  cases  of  ordinary  carcinoma, 
intraduct  carcinoma  can  he  found  as  an  antecedent  condition.  In  a 
large  proportion  of  these  the  changes  leading  up  to  carcinoma  cannot 
be  found,  the  carcinoma  appearing  almost  as  if  it  started  -within  ducts 
'de  novo  ;  tMs  question  is,  however,  left  an  open  one.  In  a  small  pro¬ 
portion,  however,  aU  stages  ftom  simple  hyperplastic  changes  to 
carcinoma  have  been  traced  either  within  ducts  or  acini,  sometimes 
■within  both.  In  such  cases,  malignancy  is  not  only  of  multicentrio 
origin  but  occurs  as  a  gradual  process  and  may  affect  groups  ^of  cells 
in  a  diffuse  manner.  This  is  strikingly  illustrated  in  the  acini,  where 
an  intra-aemous  carcinoma  of  considerable  extent  may  develop  before 
the  break-through  occurs  (Fig.  611).  The  changes  found  indicate 
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Ml, 'll.  tJir  ciirciiKiiisa.  is  iiid  ruia.!  i’(‘su!t  of  souk;  gr(.)wtlostirniilating 
a-giiii.  liko  a,.  liorinon<‘  or  otJior  (‘luaiuca,.!  a.gcaif.  Mrur  foniuino  evidence 
of  ti  dua.l  <‘a4isaJ.ioii  nji -a^gtiit  e.a.nsin,!*;  Iiyperpla.sia  aiid  then  another 
agivnt  sM(‘h  as  a,  virus  a.<‘fin,ij;  focjdly  and  eaiising  nadignaney. 

Pa(jd\s  of  Uie.  Nipple.  ,l,n  Mds  eondition,  first  described 

by  Sir  danu^s  It'iget  in  IS74,  Mie  sui'faee  of  the  ni|)|)Ie  in  wfiole  or  in 
pavt  iHH’oraes  reihleiK^l,  morc^  or  less  raw  or  exeoriafed,  and  has  a 
florid  <M’7,einat-ouH  a,pp(\arajie(^  Its  tisvsue  tnay  ineri^ised  in  consist¬ 
ence  and  then^,  is  a.  e.ei-ta.in  amount  of  O07;ing  of  clear  viscud  exudate. 
Ilaget  noted  that  idu^  (‘ondil  ion  nmy  persist  for  years  a,nd  t-hat  there- 
a/ftiU’  (aireiiuiimi  of  the  manuiia  oftmi  develops,  further,  when  such 


Kie.  r>|  1.  I iiit’a*a.<iiu)aH  (’lOH'iuoiaa,  sliuvviag  of  aichii  \viUi  aiiaplaBtio 

(-anon*  i-nllH  witboul,  any  !>rcak44unup:l>  in(o  fisHue  spaces.  X  75. 

a.  malignant  growtli  appt^ars  it  is  li'ispaaiUy  in  tlie  sulistance  of  the 
mamma,  and  sepa.ra4ed  from  tlie  niiiph^  by  a.n  interval  of  appi^irently 
li(‘.a,lthy  thssma 

Witliiu  the*  Cipidinanis  ol  tliC!  a.lhadaxl  a.rea.  fJu^  (‘.lia.ra.e.lerisii(;  fcoiture 
is  lh(’!  pr(‘S(*n<'C)  of  |)(Hadia,r  Hf.nudana-s  known  a,s  I  aget  colls,  and 
with  r(^ga.rd  t/O  fht^  luituia^  ol  these  tJiere:  ha.s  htau'i  much  coutioveisy. 
ddH’'y  o(‘-eur  singly  or  in  gi'oups  and  a.re  most;  ahundaiiit  in  tlio  deeper 
la.ym's  of  the  ('■.piihirmis,  wla-re  tJiesy  may  lorm  blunt  piocesses 
jc!(*ting  into  the  (‘onneadaves  liissue;  oi  ihe  (‘orium  (Idg.  (>12),  When 
they  a.re  aeiividy  growing  they  a.re  ia.rg(X  roumhxl  or  oval,  with  vesicular 
nuclei  which  are  oftsm  by p(a,-<diroma.fle.  and  e.onfiain  largo  nucleoli, 
dduy  Iiavo  in  short  the  n.p[)(^a.rane(‘.  of  (udls  ol  a.  ghuulular  carcinoma 
of  u'ndilTerentiated  typia  Tlayy  disphiee  fhe  surrounding  cells  of  the 
role  Malpighii,  whieii  hewonu^  draAvn  out  or  llall/cncid  between  them 
(Fig.  6i:i),  Usually,  howover,  imuiy  of  the  Faget  cells  arc  undergoing 
retrogression  ami  when,  as  is  somidlnuw  the  case,  they  are  neary  a 


FiG.*“^12.-~~Skiii  of;nipple  in,  Paget’s  disease_,  showing  scattered  Paget  cells  in 
deeper  part  of  epidermis. 

Is'ote  marlced  lympliocvtic  ,i,iiaitratioii  of  cutis.  X  3.S. 

a  somewhat  shrivelled  appearance,  and  the  individual  cells  are  some¬ 
times  enclosed  by  a  capsule-like  structure  resulting  from  condensation 


Fig  613  —Paget’s  disease  of  nipple.  Process  of  epidermis  mvaded  by  cane, 
"cells— ‘Paget  cells.’  The  cells  are  speeiaUy  well  preserved  and  show 
marked  contrast  to  the  epidermal  cells  which  are  being  stretched  ai 

atrophied.  X  200. 
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of  the  subHtjiiico  of  ilw  surroiiTi(ling  cpitLciiuin.  It  is  cells  in  this 
(H)ii(lit.ion  which  ga,v(^.  rise  l-o  tlu^  opinion  once  licld  tliat  they  are  psoro- 
spcaaiis.  Tlu‘  cells  do  not  grow  into  thc!  underlying  eonn(H:;tive  tissue 
hut  the  iaiter  shows  rtaietiva^  (dia,ng(^s  inliltration  of  |)lasnia  cells, 
et(‘.,  lunv  formation  of  (aij)i!hiri(\s,  (a)ng(^sl.ion  with  a  sevrous  exudate. 
In  tPis  way  th<^.  (‘haraehu’islh^  a,|)pe,a,ra,n(a^  of  tlu^  >h|:){)Ie  results. 

Wit-bin  tfie  epidca-mis  th(^  hig(‘<t  e(y!ls  rnc^et  witli  considerable 
r«^sista.n(‘e  to  tludr  gia,n¥i-h  a,.nd  heiua,)  degenerative  appearances  often. 
ia%snlt'-.  W(^  haiV(^.  lunau’  scam  a  (uise  of  I.^iget’s  disease  without  intra- 
dnet  canamonui  Ixuicg  pre^sent  in  tlie  ducts  of  the  nipple  (Fig.  614) 


showing  nuiligaanl'  prolilt'raiioa  ut  I'lhl' hell  uni  witliin.  ducts  iiitraduct 
(•jy‘ciiionm»,  X  I2*a* 

and  in  many  instances  w<^  ha.ve  traecsl  direcd-  continuity  h(d)wecn  the 
cadis  within  th<‘  dnct.s  a.nd  thoscOntiltaait-ing  tJiC!  ('epidermis.  According 
t)0  this  VU'VV,  hot-h  Paged/s  discaisc^  a-ncl  ordina.ry  ca-rednoma-  ot  thc  breast 
a-r(‘.  possiide  scapic‘Is  of  int-ra-ducd<  caircdmcuua  ;  nedtheu’  of  th(‘-se  two  lesions 
is  rcdat/cal  t-o  the  ot-iuu*  as  caiuse  ov  cdlcad-.  hh'om  tJic^.  cdinic‘al  point  of 
viewv  t/he  jU'C'Scmcai  o(  Pagedhs  cliscaisc:  may  he  t-akem  as  indic^ating  that 
int-radued;  caircinoma  is  pnssemt*  in  t.hc^.  elmdiS  ot  the  nipple,  that  a 
similar  camclitrion  ot*  the*,  dued-s  may  hc^  prc‘S(mt<  aJso  in  the  inanmia, 
a.nd  t.hat»  ucaairdingly  tJicu'c;  is  t.he  likedihood  ot  thc,i  development  of 
ordina-ry  c^a-rednoma,.  WhcdJuu*  thc‘  Paged.  lesion  or  thc  canenr  in.  the 
snbsta.ncc^  of  t.hc  hrcaist.  hcs'.omc^s  appa-remt  first  simply  clc‘i)cn(ls  on  the 
sitc^.  of  Uic^.  dned.s  aflecded  wit  h  tlu^  nudignant.  discaisc.  If  thc  ..Paget 
l(‘sicm  appcairs  llrst.  a.s  a.  clinic*, al  c.ondit.ion,  inliltra.ihig  (‘-anexa*  will 
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ultimately  develop  if  the  condition  is  left  untreated.  If  infiltrating 
cancer  is  detected  clinically  it  is  likely  to  he  dealt  vitli  radically  and 
there  vdll  be  no  further  opportunity  for  Paget's  disease  to  develop. 
Routine  exainination  of  the  nipple  in  cases  of  iiianiniary  cancer  will, 
however,  reveal  a  niiiiiber  of  cases  in  which  intraduct  cancer  lias  just 
reached  the  epidermis  or  is  on  the  point  of  reaching  it  but  Paget  s 
disease  has  not  yet  declared  itself  clinically. 

Primary  growths  of  the  epidermis  are  occasionally  met  with,  the  cells  of  which 
spread  intra-epidermally  and  do  not  invade  the  subjacent  tissue.  Such  growths 
have  been  observed  in  the  skin  of  \-arioiis  parts  of  the  body.^  and  are  ot  rare 
occurrence,  e.g.  Bowenis  disease  of  the  skin.  \\e  cannot  entireh  exclude  tly.. 
possibility  that  such  a  growth  may  originate  in^the  epidermis  of  the  mpple  ;  in 
this  event  the  appearances  of' Paget’s  disease  might  result.  e*  iia\e  persona  y 
seen  only  one  case  of  this  kind"  and  the  lesion  was  in  t!i*‘  male  breast.  \Ve 
consider  d'lat  the  typical  Paget’s  disease  is  ordinarily  caused  in  the  manner  wliicii 
we  have  described  above. 


■  j’xG.  615. — Sarcoma  of  mamma.,  shown  on  section.  X 


It  is  to  be  noted  that  true  epithelioma  of  the  nipple  is  sometimes 
met  with  and  is  usually  of  a  chronic  nature.  Melanotic  growth 
occasionaUy  originates  from  the  pigmented  cells  of  the  areok. 

Sarcoma  of  the  breast  is  relatirely  uncommon,  constituting  only 
■  a  small  percentage  of  the  malignant  growths  ;  it  occasionally  develops 
in  connection  with  large  cellular  intraoanalicular  fibro-adenomas.  It 
is  usuaUv  of  the  spindle-ceU  tj-pe  (Fig.  615),  though  sometimes  round¬ 
cell  and  mixed-ceU  varieties  are  met  with,  and  occasionally  tie  grovdh 
is  of  complex  character  with  bone  and  cartilage  and  areas  like  osteo- 

may  here  he  added  that  hyperplastic  disease  andtu^mours  of 
the  male  breast  are  very  rare  as  compared  with  those  of  the  fema  e 
breast  hut  correspond  with  them  in  their  general  characters.  Small 
fibro-adeiiomata,  in  which  duct  epithelium  is  chiefly  coiicemed,  are 
occasionaUv  met  with.  Carcmoma  occasionally  occurs  and  is  usmUj 
slowlv  groWg  and  not  infrequently  of  adenocarcinomatous  type. 


(!llArTKK,,  XIX 


TllK  ENI)()C!{JN1^]  (n.ANI)8 

liitrodiictory .  Alt  hough  Ihv  iniima.U^  I'l'la.tionships  of  abnormal 
(‘iidorrino  st-atas  lo  condil  ions  oi’  dis(‘as(^  an^  :novv  (‘sta,blishod,  our 
knowbaim^  with  n'^ard  io  minua’ous  points  is  still  inoompletc.  In 
inauY  instaiua's  tlu‘  socrctaon  of  an  (‘iidoca’iiu^  ,U'bind  has  niamibld 
prop<adi(‘S  and  a.  vvid<Nspr(Nid  induoiua^  on  various  parts  of  tlio  body, 
and  I  bus  a,  dist  url>an<‘o  of  t  lu^  fnnciions  oi’  tlu^  ,uia.nd  may  produoo  a 
(aunplioabal  }>!(?( nna  dim  (‘biof  <‘ha.n.u’(‘s  in  discaisi^  now  natogniscaf 
aia^  tlm  laasnlt.  mainly  of  by pta'fnnction  dm^  to  incroascal  formation 
of  socnd  ion,  or  (aanvvrstdy  of  liypofunction  dm^  to  dolicixmcy  of  scauu- 
l.ion.  'fb(‘r(‘  is  also  tb(‘  jJoHsibilii-y  that  a,  s(a*r(d.ion  rmiy  ho  aUxTcai 
in  oharaoix'r,  Una  (a)ndi(ion  luany^  tb(m  calkal  dysfumdion,  but  with 
rr^aial  to  this  (’ba.n,t^<‘  lluaa'  is  no  (b^liniti^  knowlcalgo.  In  the  case 
of  aiands  which  S(aa*ot(^  a^  va,ri(d.y  of  hormotu^s  with  distimd,  pliysio- 
logica.l  (dha-ts,  tJu'  jntuitary  ajid  adnmads,  (|uantita.tiv(‘  didcreiu'es 
in  the  scaaadion  of  the  various  fractions  ma.y  ])rodu(a‘  (dlcc-ts  sug- 
t4(‘stivo  of  dysfunction.  Kuidluar,  cort-ain  cndocaim^  gla.nds  exert  a 
icst.raininn-  or  aiita.gonisti(’.  action  on  omx  anotluvr,  and  t.h(^  normal  state 
r(^s^dt^s  from  a.  halaiuu^  of  their  ae,tiviti(*s  ;  this  is  w(dl  (cxcanplitied  in 
t,h(‘  (aisc‘  of  (iarl)()lrv(lrate  nH‘ta!)olism.  VVluvn  w(‘  consid(a'  any  one 
(‘n(lo(‘.rin(‘  gland,  it  is  found  that  its  a-etion  is  ctu(‘lly'  in  r(‘stra/ining  or 
stJnudait'ing  vit.al  processes,  i.m  it  (‘xca*ts  a>  la'gulattng  intiiumcci.  Ihe 
vit'al  j)i’o(a‘ssos  thus  (amtirolkal  by  int(U'nal  staaadtons  airc:  vu/rious,  hut 
ar(‘  (a)n(aa*n(al  hottj  with  the  growt.h  of  the  body  and  with  nudaholism. 
hor  (exaimj)l(’,  (fi'oivlli  ((fid  dcrclo p/iic lif  are:  known  to  he  e.onta'olled  by 
th(^  a.nhu’ior  lolx^  of  tlie  pitiuitaryx  tlu':  thyt'oid  U/Ud  th(‘  gonaxls  ,  and 
ma.rk(‘<l  a.hnormatit y  oeemrs  wimn  t-lu^  S(sa‘(dion  of  aj\y  of  tliesc  is 
deru‘i(mt  or  ahstmt..  ()v(‘rgr<)wtti  r(^siiU'ing  from  h vp(a'funeth)n  is  less 
frcMjmudtN'  s(‘(m,  hutr  a,  st.riking  (sxampl<‘  is  pr(*s(‘nii(sl  by  ax'romegaly 
produced  l)y  liyp(‘ra<'t i vity  of  th(‘  anterior  lolx^  of  tlu^  j)ituitary,  as 
will  h<‘ <l(‘Se!'ih(al  Ixdow.  In  such  ease's  t.luwgi’owth  o(.  hone;  is  involved 
in  a.  st.riking  ma.mua*,  aid  it'  is  possil>l(^  ttu'it  va.rions  (liseas(^s  of  hones 
whose:  na.tmx^  Is  still  ohscnix*  may  he:  diu^  t.o  ahnormaJ  siiat(‘S  of  tfie 
(‘udoxaMiK^  glaiuls, 

ddu'!  r(\‘})TO(luc<ti vc>  f i(V('ll()n  is  intinmhdy  txdaicxl  to  the  endocrine 
glands,  esp('cially  to  ttu^  j)ituil.ary  and  tlu^  axiremais,  and  may  pass 
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into  a.  state  of  inactivity  wlieii  the  secretion  of  these  glands  is  deficient. 
A  relat'ionship  exists  also  between,  the  adrenal  cortex  a,nd  the  genital 
glands,  and  various  ab,nor.nialities  are  sonietiiiies  met  mth  in  adrenal 
hyperplasia.  As  a  regulator  of  general  metabolic  processes  the  thyroid 
constitutes  the  outstanding  example.  It  has  now  been  established 
both  by  experimental  methods  and  by  observations  on  conditions  of 
disease,  that  its  secretion  in  excess  raises  the  normal  basal  m.etabolism, 
whilst  deficiency  has  the  contrary  effect.  There  is  evidence  also  that 
the  secretion  of  the  cliromaffin  system  has  a  sim,ilar  action,  thoug,h 
it  is  relatively  slight.  Several  of  the  endocrine  glands  exert,  as  we 
have  indicated,  a  co-ordinated  action  on  the  metaholism  of  carbo¬ 
hydrates.  The  internal  secretion  of  the  pancreas  is  essential  for  the 
storage  and  utilisation  of  sugar,  and  defect  of  its  secretion,  imiilin, 
leads  to  marked  h}’pergNcamia  and  glycosuria,  that  is,  to  diabetes. 
Conversely,  the  secretions  of  the  thyroid,  of  the  chromaffin  system, 
and  apparently  also  that  of  the  posterior  lobe  of  the  pituitai  \ ,  act^ 
in  mobilising  "sugar,  and  accordingly  excess  of  secretion  leads  to 
glycosuria.  In  this  respect  there  may  be  said  to"  be  an  antagonistic 
action  between  the  pancreas  and  other  endocrine  glands. 

Calcium  metaholisni  also  is  controlled  by  the  internal  secretions  of 
the  parathyroids,  removal  of  which  is  followed  by  a  fall  in  the  amount 
of  calcium  present  in  the  hlood  and  decreased  excretion.  On  the  other 
hand,  parathwoid  h\T)erfunction,  as  met  with  in  association  with 
adenomata  of  the  gland,  leads  to  withdrawal  of  t,he  calcium  from  the 
bones  and  hypercalcsemia  results.  Injection  of  the  paratlijToid 


hormone  has  a  like  effect.  , 

Ao-ain,  interaction  betw^eeii  the  nervous  system  and  the  various 

endocrine  glands  is  of  great  importance.  The  nervous  connections 
between  the  hypothalamic  nuclei,  to  be  referred  to  below,  afiord  a 
striking  example  of  this.  Deficiency  of  thj-roid  secretion  acts  as  a 
depressant  on  nervous  activity,  including  cerebration,  and  when  it 
occurs  in  earlv  life  leads  to  deficient  mental  development ;  and  the 
same  holds  to  a  certain  extent  with  regard  to  hypofimction  of  the 
anterior  lobe  of  the  hj^ophysis.  HyT»erthyroidism,  on  the  other  hand 
leads  to  excitability  and  nervous  instability.  It  is  quite  possible  that 
disordered  endocrine  activity  and  even  structural  changes  may  be 
started  through  the  nervous  system.  Exophthalmic  goitre,  for 
example,  may  possibly  be  produced  in  this  way  It  is  toown  that 
the  discharge  of  internal  secretions,  for  example,  of  adrenalin,  is 
influenced  hv  the  nervous  system,  and  furthermore,  adrenalm  m  its 
turn  appears“to  act  through  the  sympathetic  and  the  anterior  pitmtary_ 
In  addition  to  there  being  in  some  instances  a  balanced  action  o 
internal  secretions,  the  endocrine  glands  act  on  one  another,  and 
removal  or  destruction  of  one  may  be  foUowed  by  structural  changes 
in  the  others,  e.g.  loss  of  the  anterior  pituitary  is  foUowed  by  atr^^j 
of  the  thyroid,  adrenals  and  gonads.  In  disease  several  may  be  affected 
together,  the  disease  being  then  spoken  of  as  '  polyglandular  . 
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ii  max  soiuriiiiias  Ih‘  iiii|)(Kssil)lr  to  sa.y  u'h(‘tli<'r  iJicrc  is  a-  pi'inuiry 
Irsion  in  niua  or  xx  lH'Mior  srxaa'aJ  !iav(‘  Ixmmi  alloctaMl  by  (•onmion  (anise. 
11i(‘  (aihiry(Mn(‘nt  ol'  oih'  ylaiul  iollowiny  Mi<‘  rianoval  of  anoilua-  is 
soivu'iiiiH^s  as  (a)inj)<'nsaiorv,  biii>  \i  must.  not.  Ix'  assumed 

t  hat.  tlH‘  (‘nla.ro(Ml  gland  taiki'S  on  tlu^  funet.ions  of  tlu'  om^  vvliicli  lias 
IxH'U  lost..  Tin'  various  int.iaaia.l  st'cnat  ions  ra.t.her  a.j)j)ea,r  to  hv  speciiic 
t.o  the  s(‘vera.l  glands,  and  t.hmH'  is  lit.tlt‘  evldmuaa  tlui.t  tlu^  loss  of  one 
(‘,an  h(‘  vi(‘a,i'iously  nunh^  good  hy  tli(‘  hyj)<a’a.edi vity  in  a.not!Kvr.  Various 
s\’ndroni(\s  of  taulooriiK^  distaisi^  ha.V(‘  Ixavn  d(‘serih(xl  a,ud  thxar  niiinber 
is  (xnistantly  hiding  a.dd(xl  to,  hut  it  is  oft.mi  not  possilde  to  sa,y  in  wliich 
gland  tlie  priniai-y  lesion  has  Ixxm  n.nd,  as  a.  rul(\,  tlu‘  mal  et.iology  is 
unknown.  facts  whi(‘h  \V(x  ha.V(‘  giviai  aax^  inendy  (examples  of 

(listurhaiu*(‘  of  (mdoc’rine  funet.ion  hut.  will  sm‘V(^  to  illustrate  tlu‘  (extent 
and  (xaniphvxity  of  t.h(‘  suhji'ot., 

A  va,st.  a, mount,  of  experiuHadal  work  has  Ixxai  done  on  this  subject 
in  r(x‘<mty(‘arsa,nd  it  is  not  possible  to  giv(x  luux^  (wam  a,  ivsunub  i^speci- 
allv  as  iminy  (pa^st.ions  a.in  still  sub  jvtlicc.  In  tlu^  following  account 
we  Hindi  deal  with  tlu^  (dn<d’  disord(u*s  of  fumdion  and  strue.ture  met 
witli  in  human  dis(n,s(eand  th(‘  (^xp(u-irn(mta.l  n'snlts  r(d(U're(l  to  will  be 
nniinly  t.hosc^  Ixeiring  diicetly  upon  tlu^  pn.thologieal  stafes  under 
eonsideratiou. 

1di('  pit  uitary  will  h<‘  considered  tii’st.  as  it.  is  now  gcnera.lly  regarded 
as  tli(‘  (‘(udn^  oi*  tla^  (mdoerine  systenn  Phis  is  justifiable  in  view  of 
its  |X)sition  and  it.s  mu'vous  enuneetious  with  tlie  nuelei  a.t  the  bas(3 
of  th(^  brain.  Plu^  nuinlKU'  of  hormones  |)rodu(*ed  hy  it  with  their 
sp<‘eiti(^  (dlects,  and  t  h(^  fa.(‘t.  t  lud.  remova.l  of  the  pituit.a.ry  j)r(xluces 
a,t cophie.  (diang(^s  in  t.lu^  otlua*  (mdocueiiu^  glands,  a.re  a.lso  in  a.ecoi*dance 
wit.h  this  vi(nv.  It  must  Ix)  reeogniscMl,  however,  that.  i.lua*o  is  also 
r(x-ipro(‘a.l  action  of  tlio  various  gla-uds  on  tlio  pit.uitary  a, ml  that  the 
inithd  k^sion  ol'  n  syndrome  may  ho  in  any  ol  tJiom. 

THE  PITUITARY 

iutroductory ,  Our  knowiedg(''.  of  tiu-  important  funet.ions  of  the 
pit-uit.ary  as  an  (uidoe.rinc!  ghind  ma.y  be  said  to  sta.rt  with  the  work 
of  iMarhg  puhlisluMl  in  ISSh,  who  showed  that  the  p(xailiar  state  called 
by  him  ‘  aeronuxgaly  ’  was  a.Hso(da.t.(Hi  wit;h  enlargement  of  the  gland. 
Sinec!  that  times  furthesr  obscirvations  aaid  ex p(U‘i mental  work  with 
r(^ga.r(l  t.o  iiux  (dleet.s  of  (^xt,irpa,t.ion,  in  which  (lushing  was  t.he  pioneer, 
ha  ve  supplkxl  much  kn()vvd(xlg(^.  of  iinport.a.ncc!.  As  in  t.he  c.asc  of  other 
emhxsrim^  gla,nds,  t.lu^  act-ion  of  ext.raid.s  Ims  hexm  (ixiensivtdy  studied 
and  va.rious  hormom^s  ha.v(^  como  to  Ix^  naxigniscMl. 

It.  is  uniKHiessary  heax^  to  (h^s(a'ih('‘.  t.lu^i  stiruel.ui’o  ol.  the  pituitary, 
but  it  is  im))ortant  t.o  ixxxigniwx  i.lud.  it.s  (x)inplexity  jirovkles  a  basis 
for  the  diversity  of  it<s  fumd.ional  a.(d.ivi,t'i(^s.  So  la.r  a.s  dual  constitution 
is  conexa’tuxl,  tluux^  is  a.  (aa*t.alm  analogy  wit.h  the  adrenals.  Xh© 
an1.(irior  lobe  is  essontia.lly  of  glandula.i'  st.rueduro  a.nd  o(  e(dodeimic 
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origin,  while  the  posterior  represents  a  downgrowth  from  the  dien- 
cephalon.  Not  only,  however,  have  we  to  deal  vith  anterior  and 
posterior  lobes  and  pars  intermedia,  but  also  with  the  different  kinds 
of  cells  which  constitute  their  structure.  Thus  in  the  anterior  lobe 
w'e  have  cells  devoid  of  granules,  i.e.  chromophobe  cells  which  constitute 
fuUy  50  per  cent,  of  the  total  number,  and  also  chromophil  cells,  the 
latter  being  of  two  types,  namely,  eosinophil  or  alpha  cells  and 
basophil  cells  or  beta  "cells.  The  basophil  cells  usually  number  a 
little  more  than  10  per  cent.  ;  the  eosinophil  cells  occupy  an  inter¬ 
mediate  position  with  a  percentage  a  little  mider  41.1.  According  to 
Severinghaus  the  chromophobe  cells  can  be  divided  into  two  tj’pes 
by  the  morphology  of  the  Golgi  apparatus  ;  and  also  according  to 
certain  stainmg  reactions  for  muco-proteins  (Pearse)  these  types 
represent  early  stages  which  develop  into  the  cells  of  the  two  chromophil 
classes,  but  at  this  stage  they  do  not  produce  any  hormone. 

The  number  of  pituitary  hormones  described  by  various  authorities 
varies  greatly.  They  have  not  yet  been  obtained  in  a  pure  form  and 
are  protein  in  nature.  As  CoUip  suggests,  some  of  them  mar  be  spht 
products  of  larger  molecules.  One  may  be  justified,  however,  in 
stating  provisionally  that  the  chief  varieties  are,  (1)  a  growth-stimu¬ 
lating  hormone,  (2)  gonadotrophic  hormones,  (3)  a  tfij-rotrophic 
iiornione,  (4)  an  adrenocorticotrophic  hormone,  (5)  a  lactogenic 
hormone.  Of  these,  the  growth-stimulating  and  the  gonadotrophic 
hormones  are  prominently  concerned  in  human  disease,  and  the 
adrenocorticotrophic  hormone  is  pirobably  closely  related  to  the 
resistance  of  the  body  to  unfavourable  environmental  conditions. 
These  are  products  of  the  anterior  lobe,  the  first  and  third  by  the 
eosinophil  ceUs  and  the  others  in  all  probabifity  by  the  basophil  cells. 
An  important  general  pirinoiple  appears  to  be  that  while  the  pituitary 
stimulates  the  other  endocrine  glands  through  its  trophic  hormones 
the  amormt  of  these  trophic  hormones  liberated  is  in  turn  controlled 
by  the  blood  level  of  the  individual  endocrine  secretions.  Thus  the 
secretion  of  gonadotrophic  (F.S.)  hormone  can  be  ^bited  by  an 
excess  of  cestrogens  in  the  blood,  and  there  is  evidence  that  the  output  ot 

thwtrophic  and  adrenocorticotrophic  hormones  is  similarly  influenced 

by  the  blood  level  of  thwoid  and  cortical  hormones  respectively. 

Growth -stimulating  Hormone.  Cushing  showed  that  the 
extirpation  of  a  considerable  part  of  the  anterior  bbe,  along  with  the 
posterior  lobe,  produced  in  puppies  a  sort-  of  infantUism.  The  ammals 
remained  small  oiving  to  interference  with  osseous  growdh,  the  sexual 
alands  failed  to  develop,  and  there  was  marked  adiposity  aceonipamed 
bv  increased  tolerance  of  sugar.  The  temperature  tended  to  be  sub¬ 
normal  and  the  animals  were  stupid.  The  accumulation  of  fat  is  now 
believed  to  be  due  to  injury  to  the  tuber  cinereum  or  adjacent  parts. 
In  adult  animals  the  lesion  mentioned  causes  correspondmg  effects, 
with  the  exception  that  the  effect  on  the  osseous  system  is  not  evident, 
and  that  the  change  in  the  sexual  glands  is  of  a  retrogressive  nature. 
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11,  Wiis  (‘Si.ai)lis!i(‘(!,  iiotKihly  by  work  of  'Dandy  aiul  ]i(‘ic,!KMi,,  that 
itio  is  not-  ossiavl/nil  to  lith.  Thoy  roniovcH'i  the  wliok^  ydaiul  from 

piippic'S  ;uul  a  (‘onsidoraido  lunulxa*  of  tivo  ariimaJs  surviveal,  for  varying 
jXM’iods.  is  nolanvorthy  that,  in  a,  fairly  large  |)ix)i)ortion,  only  tlio 
('fleets  on  gi'owth  aiid  si'xiial  d('V('lo|)inent  ihllovved.  Dompleto 
extir|)atioi5  has  siiUH'  Ixs'ii  ('xt(Misiv(‘ly  used  as  a.  uuvthod  of  c'n(|uiry. 

l^he  fuiiefions  of  iJu^  pituita.ry  Ixam  iivvestigatod  also  from 

th<^  ot.lnu-  point  of  vi(nv,  viz.  hy  tlio  iiij(Mdh)n  of  extracts  of  the  lobes 

of  the  gland- . 'l>y  substitution  tlierapy.  .kor  a  long  time  attempts 

t,o  proiuoto  gi’owtfi  by  a.ntoi’ior  lolx^  ext.ravts  wore  iinsiieeessful,  but 
later  If  vans  oblaiiuMl  striking  j)ositivo  rosultx,  wliieh  have  since 
l)(M3n  eonhnnod.  By  repcaited  intrapoiationeal  in  rats  of 

exlracts  of  the  antcaaoi’  lobe  of  t  he  ox,  he  found  tlmt  ina,rked  increase 
of  the  bony  Hkeloton  and  otluu'  pa.rt.s  follo\v(Ml.  dliis  ocaairred  in  adults 
as  wcdl  as  in  young  aninuils,  })nt;  in  the»  fornuu'  the  (hara-etoristic 
change's  of  acromegaly  did  not  oea-nr  in  tlu^  sk(d(da>ii  -only  giantism 
{vide  infra).  This  is  a,p{>a,r(mdy  du<^  to  tJu^  fa,et  tluit  in  the  rat  the 
epiphyseal  lines  of  the  boiu's  do  not  b('(‘oiu(‘  ossilied.  ( dnx'.sponding 
resultH  have  also  Ihm'u  obi-aimal  in  puppie's  by  injeud.ions  of  anterior 
lol)('.  extract,  and  it  is  intr'rcxsiing  thati  in  them  sonu^  of  tlie  features 
of  ac-romegnly  have'.  b('('n  reprodue<Hl.  By  tlies(^  va,rious  nudhods  the 
tclaliou  of  th<^  anh'rior  lobe  to  body  growth  luis  been  <a)nipletcly 
('s( ablislu'd.  Tlu'-  souree  of  t lu^  growth-si, iinulating  liormonc  is 
ila'  (u)sinopbil  ee'lls  of  tlu^  anterior  lobe.  'The  results  are  in  full 
agr('(a»uMii.  with  thost^  of  luuuau  pathology,  to  bo  prescuitly  deserM 

(ionadotrophic  Hormones.  I  n  eomu'C'tion  with  the  aevtion  of  the 
pituilarv  on  tlu^  gonads,  tlu'n^  arc^  tvvo  pheuouuaia,  to  be  (‘onsidered, 
nattudy,'  (u)  lb(^  ('stablishuH'id.  of  se^xuat  maturity  ajul  {!>)  the  repro- 
(budtve  evelo.  As  aln'ady  slatexi,  ('xeisiou  of  ttu^  anterior  lobe  has  a 
depressing  (dlVu't  on  iho  gonads,  iiibihitiou  of  (h'.volopnumt  in  young 
animats  a,u(l  Iho  production  of  at<roj)hie  eluing('S  in  a-dults.  The 
opposih'  ('fleet,  ftuit,  of  siimulafiou,  lm,s  also  Ik'('U  obf, aim'd.  Tratis- 
plantntiou  of  anterior  lolx'  tissiu'  to  immatain^  rafs  a, ml  miee  leads 
t,()  pr(‘eoeious  s('xual  mat,urit,y  (Siuitti  and  tA'a.us  ;  Zomhdv  and 
Aselu'im).  Tb(‘  aetaoii  is  din'ctly  on  Itu'  gonads  and  through,  them 
oil  ottu'i'  parts  of  ttu'  rt'prodiu'ttva'  systi(‘in,  Siniihu'  rx'sults  have 
lK'('n  obt, aim'd  by  anterior  lolx'  ('Xt,ra,('t.s. 

ifomhdv  and  Aselufuu,  a,s  t  he.  r(xsulti  of  furffuu’  Hinalysis,  cuimc  to  the 
eomdusion  ttiat-  ftu^  antcador  lolx^  produces  i-wo  hormones  with  action 
on  the  ovarii'S,  wlii(di  t'lu'N' calk'd  Brohiu  A  (folli(d('-sttuiulatiing  hoimone) 
and  Iholan  B  (luteinising  or  inferstitial-eell  stiinulating  hormone), 
Brolan  A  (lAS.ll.)  legulates  ftu'  growth  of  the  Grantian  .(hlliele  and 
ovulation;  and  iho  follieh'  in  its  turn  pnahnes  (cstnigenie  horxnones 
which  sitnuda,t('  the  rc'parativi'  (dmngc's  in  tlu'^  (aulonudaium  aftei 
numstruattoti  (p.  bfrt).  Brohm  A  also  sttinnlafes  male  germ  cells. 
Prolan  B  (I.G.S.IL),  oti  tlu^  otlu'r  liand,  controls  lutein  formation,  the 
corpus  luteiun  in  its  tiurn  producing  a  honnom'-  which  leads  to  the 
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premenstrual  changes  in  the  endometrium  and  also  to  inhibition  of 
ovulation.  There  is  very  strong  evidence  that  these  liomioiies  are 
produced  by  the  basophil' cells  and  that  increase  in  the  number  of  these 
indicates  more  active  formation  of  the  principles. 

The  Ascheim-Zondek  test  for  pregnancy  depends  upon  the  presence 
of  a  gonadotrophic  substance  in  the  urine  in  pregnancy.  When  the 
urine  is  injected  into  immature  female  mice  and  rats  the  ovaries  become 
congested  and  swollen,  and  small  hemorrhages  appear  on  their  surface , 
lutein  formation  occurs  in  the  Graafian  follicles.  The  substance 
concerned  was  believed  to  be  prolan  B  formed  in  excess  by  the  anterior 
lobe.  It  has  now,  however,  been  demonstrated  that  it  differs  from  the 
anterior  pituitary  hormone  in  certain  respects  and  that  it  corre¬ 
sponds  in  its  characters  with  a  hormone  obtained  by  Collip  and  Ms 
co-workers  from  the  placenta  ;  this  is  often  known  as  the  A-P-L 
principle  (anterior-pituitary-like).  It  is  formed  by  the  fcetal  part  of 
the  placenta,  the  fcetal  ectoderm  thus  having  the  properties  .01  an 
endocrine  gland,  and  is  thus  also  known  as  chorionic  goiiadotiopiiin. 
Differences  have  been  established  between  the  pituitary  hormone  and 
the  A-P-L  principle  ;  for  instance,  the  latter  does  not  remove  the 
retrogressive  effects  on  the  gonads  brought  about  by  hypoph\  sectom}' . 
The  A-P-L  principle  appears  to  act  through  the  pituitary  in  association 
with  the  foUicle-stimulating  hormone  formed  by  it ;  it  enhances  the 
effect  of  the  latter  in  h5T)ophysectomised  dogs,  TMs  view  with  regard 
to  the  origin  from  the  placenta  of  the  reacting  body  in  the  urine  agrees 
vith  the  fact  that  retained  placental  tissue,  chorion-epithelioma  and 
hydatidiform  mole  give  a  positive  result  mth  the  Ascheim-Zondek 
test  for  pregnancy.  It  may  be  added  that  Collip  has  found  that  the 
placenta  produces  two  other  hormones  :  emmenin,  which  is  oestrogemc 
on  oral  administration,  and  cestrone. 

It  is  quite  clear -that  there  is  a  remarkable  interdependence  ot  the 
pituitary  and  reproductive  organs.  It  is  possible^  that  certain 
abnormahties  of  the  ovaries  and  mamma,  such  as  cystic  change,  nia} 
depend  upon  ifituitarv  ahnormality,  but  vith  regard  to  this,  iMornia- 
tion  is  wanting.  It  may  be  added  that  miituai  action  exists  between 
the  pituitary  and  the  various  other  endocrine  glands.  ^  When  inultip  e 
lesions  are  present  it  may  be  impossible  to  say  wMcli  is  primary:.' 

With  regard  to  the  other  anterior  lobe  hormones,  thfrotro^iiic, 
adrenocorticotropMc  and  lactogenic,  it  may  be  said  that  they  have 
essentially  a  stimulating  effect  on  the  corresponding  organ  and  tins 
has  been^  established  in  the  case  of  all  by  methods  corresponding  to 
those  described.  Administration  of  thjTrotrophic  hormone  produces 
hyperplastic  changes  in  the  thj-roid  epithelium  not  unlie  those  in 
exmihthalmic  goitre  (p.  1021).  The  close  relationship  between  the 
pituitary  and  the  adrenals  is  indicated  in  the  aecoimts  of  Pt^tary 
basophiiism  and  of  cortical  tumours  of  the  adrenals  {pp. 

Eecentlv  the  importance  of  the  adrenocorticotrophichon^ne  (A.L.i  .11. 
for  short)  has  been  emphasised  owing  to  the  dramatic  effects  achieved 
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bv'  fhv  ailtuinisiriii-ioi'i  of  ilfus  or  of  cortiiiii  adrenal  cortical 

lionnones,  in  a  xnru^ly  of  dis(:‘a,s(Ns,  noiaJj'Iy  in  rluninuitoid  artliritis, 
rlu‘unuitie.  fc'ver  and  in  t  he  diirn,s(‘.  e.o!lao'(‘a  dis(‘a,H(‘s  whi(‘h  are  helieved 
to  be  of  a.ller,i!:i(‘  ori.Lf;in,  polva.iiiM'itis,  disscaninated  In j)us  eryfhema- 
toHUS,  ei.ta  (S(‘ly(‘’s  /  dis(Nises  of  ada.ptatiion ’).  Ailnninstration.  of 
|)UfirH‘d  A.CflMl.  eans(‘s  hyjHaf.ropby  of  tlu‘.  a^dnna!  (uirtex,  and 
:in<aa‘as(^s  tb(^  oiii.pui.  of  eorti('aJ  hoi‘inont\s  (‘sixafndly  of  th(‘,  type  which 
brin.ii;  about.  p!uenn(M)!j;(ai(*sis,  a.tropliy  of  tiie.  thyimis  and  lyni|)li  nodes, 
Iviupliopiaiia.  and  a.  rise  in  tfu^  gamma.  glol)ulin  of  the  plasma  (ghico- 
<iortieoids).  (hanh^  (‘xt.r*a.efs  of  a.nt(a*ior  pituita.ry,  on  tlu^-  other  hand, 
<*a,us('  im^reased  s(a*rei.ion  by  tiu^  adi*ena,!s  of  bormoi\es  whi(b  lead,  to 
n^t.ent.ion  of  sodium  and  wat(a%  (he.,  (mimu'aloeortieoids),  and  Helye 
suggi'sts  i.lud.  ih(‘  growtli  Jiormone  (‘ontiait.  of  erude  extra.ets  is  tlie 
‘  X  faet.or  ’  vvhieli  modili(\s  ilie.  (dlhet  of  A,(  tM\H\  on  the  adrenal 
(u)rtex  in  such  a,  way  as  i.o  altca*  i.lu^  (M)rt.i(ad  r(‘sponse  from  the  pro- 
diudion  of  ghu'neort.ieoids  to  min(‘ra,loeort.ie.oids,  tliough  no  doidd  the 
nornud  ri'sponsi^  in  tlu^  intact  animal  is  a.  balaruHal  j)i-oduetion  of  both 
t,vp(‘s.  This  will  Ih‘  eonsidta’iMl  furt.lKU-  ladow  in  (‘.onneetion  with,  the 
n'dnmaJ  glands.  :La.et.a.t.ion  in  t.b<^  rat.  is  stoppcMl  by  (axeision  of  the 
pituitary  and  is  r(\stor(Ml  lyy  inj(Hh.ion  of  ant<n‘ior  lolx^  (axt.ra,e.t.  The 
sounun  of  these  hnrmoiuNS  has  not  Ix'on  d(dinit.(4ly  (‘st.a.l)lislKal,  but 
tlaua^  is  t‘vid(me<‘  Mud.  the^  tbyrot.roidne,  hk(^-  the  gr()wt.h-st.inudatmg 
hormomy  is  foiaiusl  b\'  tlu^  (xasinophil  <a''lls  and  tiluit.  t.lu^  a.drenoe.ortico- 
trophie,  lik(^  ilu‘  goiuadot.ropbiiy  is  ioraned  by  t.he.  ba.soj)hil  (ads. 

d^h(‘.  (‘arlim*  (axpmanuvntal  nasult.s  shovvaal  t.haf  t.lu-  (‘xtract  of  the 
posterior  lobe,  pitaiit.rin,  wlnai  injcndcal  int.o  norma,}  animals  causes 
(an-t.ahi  d(‘linit.<^  (‘tleets.  It.  is  now  known  Mud.  t,lua’(‘,  are  two 
hormon(‘S  ;  omy  pilressin  or  vasopressin,  has  eert.ain  r(as{md)la.nees  to 
adnaudin  in  its  act  ion,  raising  tln^  blood  pressure  and  luiving  on  sugar 
nud.a, holism  an  act  ion  opposite^  to  t-liut  ol  insidin.  it.  has  also  an  a,nti- 
diundh^  (dhad.  on  normal  animals  in  siiffiei(a\t.  <lose,  a.nd  (kdieieney  of 
it  is  an  (ass(mt  ia.l  leatuia^  in  diab(d.es  insipidus  (p,  lOlM).  The  other 
hoianoiuy  oxifloent,  has  a,  st  imulat  ing  (dhad.  on  t.h(‘  uteriiu'  mns(dc:  a.nd 
is  supposta!  to  be:  eomau’ued  in  stimulating  ut'<a‘in(':  e(>nt.ra.(d.ion  M>  the 
<aid  of  pr(^gna.n<‘.y.  It.  is  t.o  Ix^  notxxl  that,  reimova.!  ol  t.lu^  postei'ior  lobe 
l(ia.ds  to  no  dedinite  (dhxds  pr<>vid(xl  that,  tlu^  by pot.luila.mie,  region  and 
t.lui:  a.nt'(a‘ior  lolx^  are,  not-  injur(5(L  On  the:  ot.luu’  ha.nd,  (kdieieney  of 
va.s()pr<wsin  is  (X)ne(a'n(xl  in  tlu^  ])rodu(d.ion  ol  dia.lxd.(^s  insi[)idus,^  as 
will  be  <i(\se.i’ib(xi  Ixdow.  ddiis  appa.resnt  diser(^pa.ne-y  st.ill  recpiiies 
(due.idafion.  Who  sourex',  of  t.lu^  post.(n-ior  lob(‘  liormoiu^s  is  uncuataiii 
but  probably  tiny  are  dcadvaxl  from  Mu^  pit,ule.yt(^s  ol  tlx^  pars  nervosa  ; 
in  eert.ain  sptxdiss,  (ug.  tlx^  frog,  th(‘  (y)ith(dinm  of  t.bc  pars  mtennedia 
pr(xlu(H‘S  a.  honuom'  wbi(di  a(d.s  on  tdu‘  eut.a.n(X)us  m(da.m)ph()r<‘s  and 
thus  (.x>nt-rols  skin  e.olonr. 

Wo  shall  give  a.n  acxiount  of  the  conditions  depending  upon  excess 
and  deflcitmcy  of  scMiretion  resp(xdiv(dy,  but  it  nuist  be  recognised 
that  some  of  tlio  views  arc  rather  of  the  nature  of  hypotheses  and  may 
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have  to  be  modified.  It  is  to  be  recogmsed  also  tbat  the  interpreta¬ 
tion  of  the  lesions  and  symptoms  of  pituitary  disease  is  attended 
with  special  difficulty.  For  not  only  are  there  two  essentially  different 
lobes  of  the  pituitary,  but,  owing  to  the  relation  of  the  gland  to  the 
bone,  enlargement  of  one  may  press  on  the  other,  and  thus  hyper¬ 
activity  of  one  may  be  associated  with  hypoactivity  of  the  other.  The 
facts  observed  indicate,  too,  that  a  state  of  hyperactivity  of  one  portion 
may  be  succeeded  by  one  of  hypoactivity,  as  will  be  illustrated  below. 
Furthermore,  a  pituitary  tumour  may  affect  the  hypothalamic  region, 
and  conversely  a  suprasellar  growth  may  produce  pressure  effects^  on 
the  pituitary.  The  problem  presented  is  often  one  of  great  complexity. 

Pituitary  Hyperfunction 

(1)  Acromegaly.  The  term,  originally  applied  by  Marie,  means 
enlargement  of  the  extremities,  and  the  condition  is  due  to  hyper¬ 
activity  of  the  anterior  lobe  wdth  excessive  formation  of  secretion  , 
in  the  late  stages,  hypoactivity  iisualR  appears  and  leads  to  secondary 
deficiency  effects.  The  hands  and  feet  are  increased  in  size,  especially 
in  width,  and  the  former  have  been  described  as  spade-like  ;  the 


Fig.  616. _ Brain  and  pituitaiy  tumour  from  a  case  of  acromegaly. 

increase  is  mainly  on  the  part'  of  the  soft  tissues,  though  thickeimig 
of  bone  mav  he  present  at  a  later  stage,  notably  outgrowth  from  the 
heads  of  the  phalanges.  The  face  is  enlarged,  especially  the  nose, 
which  is  widened ;  and  the  lower  jaw  is  lengthened  and  its  angle  is 
widened  so  that  the  teeth  project  beyond  those  of  the  upper  jaw. 
The  lips’  become  tliickened  and  there  is  enlargement  of  the  tongue. 
The  skill  is  thickened  and  sometimes  warty,  and  the  hair  coarse^and 
wirv  In  the  skeleton  generally  there  tends  to  be  an  increase  of  the 
honv  promuiences,  and  there  may  he  roughening  of  the  surface  of 
the  bones.  Kyphosis  is  often  present  from  irregular  Tertehral  atrophy 
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a.iiil  h\'|t<Tt  ri)|»h,\'.  'I’lic  slci-nuiii  is  iiua-cased  in  si/.('  iunl  Mio  thoracic 
ca.vit.y  is  tnilargial.  Altlion}’h  tlio  (diaiigcs  occ.iir  after  normal  ossifica¬ 
tion  is  coniplcK'd,  Ur  sligld,  incn^asc'.  in  lioigldi  Inia  boon  noticed  in  some 
(■asos.  Tbo  o(Totd.s  of  the  gro\vt,li-|)roinoting  liormone  are  seen  also 
in  tlio  internal  organs,  tlun-o  Ixnng  onhirgomont  of  tlio  liver,  kidneys, 

. a,  (condition  of  viscoraf  splarudinoinogaly.  llyporplastic  changes 

bavo  been  found  also  in  tbo  tbyroi<l,  parathyroids  and  adrenal  cortex 
((hisliuig  and  Davidoll). 

Tims  (  lie  (FioCstnietural  ebangos  r('preHont  iin  irregular  ovorgrowt-b 
bol.b  of  bone  and  tlu^  soft  tissiu'S.  After  an  initiaf  pca'iod  of  increased 
nmsenla.r  slrengtb,  general  brssilud(>,  nuis(adar  wc'aknoss,  slowness  of 
speeeb,  etc.,  apipi'ar,  and  tbes((  iiieroa,s(^  during  the  progress  of  the 
diseas(u  At-  lirst  diminisbed  sugar  tolera.ma*.  inaiV  b(^  noted,  sometimes 
glycosuria  with  blood  sugar  curves  indistinguisludile  from,  tliosc  of 
dialietcs,  but  later  increased  suga,r  tolerance  is  pri'scnt.  In  early 
stages  tber(>  may  be  stfmulatiitn  of  sexual  functions,  but  this  is  soon 
rollmved  by  depression,  attmub-d  by  impoi-ema^  in  tbo  inabg  anunor- 
rluea.  in  the  femah',  etc,  Symptoms  may  Ik^  pi-oduce,d  by  lueelumical 
pressuri'  of  the  pituilnry  tumour,  <‘.g.  implication  of  the  iiuuM'  halves 
of  tbe  optic  nerves  with  t.einpoi'al  luutruinopsia..  Oboktal  disc  and 
otlu'r  signs  ot  intaana'a'iiial  pia'ssuia'  may  bi^  prodmaal  wluai  t'b(>  bypo- 
pbyseal'growtb  is  la,rg(>,  and  oe<aisionally  blindness  n^sidts.  Althougb 
aeromegals-  in  its  lidly  develoi>ed  form  is  ra,re,  slighter  degrees  of 
tbe  condition  are  more  lre(iuently  metr  with. 

(2)  (liaiitisni.  11  vperaet'ivity  of  tin;  anl.<‘rior  lolxg  bdorc  ossili- 

eat.ion  is  e.oinph'bal,  is  now  nH-ognis('.d  as  one  e.auH(W)f  giaaitism.  ibero 

is  ('-x(a‘ssi v<>  growtib  a.t'  tbe  e.pi])bvs(ud  liiu^s  and  ibis  fiiay  bo  pi,(.)longGd 
iHWond  tb(^  normal  period.  'I'iio  growth  is  piv.codous  and  of  pro¬ 
portionate.  eharactfa- ;  idtimatdy  a.  luught,  of  over  (Igbt.  loot  may  bo 
rea.cb('d.  In  sonu>.  eases,  tb<i  elb'ct.s  of  by]iera.et.ivity  ijorsist  after  the 
period  of  normal  growth  and  some,  of  tbe  liad.uins  of  a.eromegaly  may 
be  sup('ra,d(bal.  At.  an  <ai.rly  stn,g<^  tber('.  may  be  a.bnormally  groat 
nmsenla.r  |>ower  ami  (uuu-gy,  whieh  a.n^  usually  attended  by  preeoeious 
se.xual  developnumt.  and  libido  ;  Imt.  at.  a.  later  sl.ag('  tluwe  are  replaced 
by  nuis(adar  fe(d)!<m<‘ss,  im()ol<m<'e,<lc.,  a.long  wit.li  numt.a.l  iinpaiirncut. 
'lii(u-e  is  olbm  glycosuria,  at-  lirst.,  bid.  later  ineri'a.sed  suga.r  t.nlcrauco 

iniiv  ^  ^ 

'^V\w  h'sion  a,ss()(‘.ia.i(‘(l  with  a.(‘ronu‘.i!:a,ly  a,n<l  ^na,ntisiti  is  an,  culargc- 
nuMit  of  t'lu'  anl.(‘rior  loin*,  usually  (UbScrilKal  a,s  a,n  a.dunjyina,,  tlioiigh 
oeeasionally  tbe  growth  has  shown  aberra,nt  (ba,ra.(t(‘rs.  Sometimes 
a  eyst.  or  cysts  have  been  foiind,  and  smb  an  oeeurrenee  represents  a 
later  st.a,ge,'  whieh  may  be  associated  witli  insnlbdeney.  'the  tumour 
may  nuieb  a.  eonsi(lera,)ile  si/,e,  giving  itse  t.o  enlargmnent.  ol  the  sella 
as  (ia.n  be  found  on  X-ray  exa,minati<)n  a, ml  a, Iso  growing  upwariK  aM 
leading  to  pn'ssnre  on  t.be  optic  ehia.sma.  a.nd  overlying  [laits  o  le 
brain.  Benda  wa,s  ttie  lirst  t.o  point,  out,  that  in  the  a.clorioma  or 
hyperplasia  of  ttie  aini.erior  lobe  associated  with  a.eiomega.ly,  it  is 
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chromophil  cells  of  the  eosinophil  type  which  are  increased,  and  his 
observation  has  since  been  fully  confirmed.  In  fact,  this  has  been  so 
uniformly  the  case  in  a  long  series  of  instances,  that  it  may  safely  be 
stated  that  the  form  of  hj'peractivity  which  causes  the  changes  m 
structure  and  function  in  acromegaly  is  on  the  part  of  the  eosinophi 
cells.  A  similar  statement  as  to  the  cells  concerned  applies  to  the 
condition  of  giantism,  but  here  the  lesion 
is  more  frequently  hyperplasia  than  actual 
adenoma.  The  effects  on  the  sexual 
functions,  at  first  hyperactivity  then  hypo- 
activity,  may  be  due  to  an  initial  stimu¬ 
lating  effect  of  the  adenoma  on  the  basophil 
cells  followed  by  destruction.  Certainly 
in  most  cases  of  acromegaly  the  growth 
is  practically  a  pure  eosinophil  adenoma. 

The  close  association  between  stimulation 
of  growth  and  stimulation  of  gonads  is, 
however,  noteworthy. 

(3)  Pituitary  Basophilism  :  Cush¬ 
ing’s  Syndrome.  This  condition  was 
first  described  by  Cushing,  who  collected 
a  number  of  cases  where  a  group  of 
changes  was  associated  with  a  basophil 
adenoma.  These  included  painful  adi¬ 
posity  of  the  body  but  not  of  the  limbs, 
often  accompanied  by  purplish  strise  on 
the  skin  of  the  abdomen,  excessive  sweating 
and  growth  of  hair  (hypertrichosis)  of  the 
masculine  type,  impairment  of  sexual 
functions — amenorrhtea  or  impotence 
high  blood  pressure,  polycjdhsemia,  osteo¬ 
porosis  and  glycosuria.  An  element  akin 
to  virilism  appears  to  be  present  but 
the  changes  are  by  no.  means  identical  with 
those  of  adrenal  Virilism.  The  syndrome 
is  now  conveniently  called  '  basophilism. 

A  remarkable  feature  is  the  small  size  of 
the  pituitary  tumour  which  may  be  associ¬ 
ated  mth  the  sjmdrome.  Of  four  cases 

of  Cushing’s  s^mdrome  observed  person-  •  r  +■ 

a  ly  L  died  from  cerebral  hemorrhage,  two  diecl&om  septic  infections 
S  the  course  of  severe  msulin-resistant  cUabetes  and  one  has  been 
dramatically  cured  by  X-ray  treatment  to  the  ^ 

The  origmal  view  that  the  s}Tidrome  is  the  result  purel\  of  1  }i 
function  of  the  ceUs  of  the  adenoma  has  been  abandoned  and  n  ^ 
cases  adrenal  cortical  hjTierplasia  is  present.  In  the  absence  of  a 
basophU  adenoma  many  of  the  symptoms  may  be  associated  with 


Fig.  617.--Acase  of  Gushing’s 
syndrome,  subsequent ly 
eured  by  irradiation. 

■\ote  the  fliardct eristic  adiposity, 
striie  ill  the  bkiu  and  tliisky  cyanosis 
with  facial  hirsuties. 


NHO 


TKXT^  IM)(::Hv  of  pathology 


h\'|H'rpl;isia.  oi*  mii  sulcaioina.  of  Lie  ivdrenal  (‘.ortax,  or  witli  <1  tuinour 
nf’  ilii*  ihyiiiijs,  and  in  sueli  o.asi's  inay  lie,  no  iruvreawc  in,  the 

luindxa'  ol  the  fiasophi!  (u'lls  oi  tlu^  j)iiantia.ry.  Ai!;ain,  a  liaisophil 
adiaioma.  may  b(‘  Idund  wii-hont  a.eeom pa.nyin,^  signs  of  ba,s()})lulism. 
The  svmirome  has  Ixsai  obsiana'd  a.s  a.n  nnioward  iHNie.tion  in.  eases 
na-iaving  A.tLfdl.  or  e.orLsom^  Lua’a.pmit.ie.allvy  but  tlu^  observed 
facts  can  !h‘  reeoneili'd  by  th('  bypot-lu^sis  tlnit  a,  ba.sophd  a,(l(ai()nia 
may  or  may  not-  seeiaha*  AO.T.l!A  and  Liat  an  adrenaJ  (airtieaLtanuour 
ma\'  scaaaha'  giueoi'ort  ieoids  in  (‘xe(‘ss  instaaid  of  tli(^  more,  ('-oininon, 
finding  of  androgmis.  (h'ook(‘  (‘xainined  tibe:  pitaiit'airy  in  t/he  (ainditions 
in  wbieli  ‘  basophilism  '  oi'cnrs,  vh.  basophil  aabaioimi  of  tlu'  pituitary, 
t  nrnoiir  oi’  by  {xu’plasia.  oi*  Li(‘  a,dr<aud  cort  ex  and  mon^  randy  tiirnours 
of  Li(‘  thymus,  paiienxis  aiul  ovary,  a.nd  found  tfnit  in  ail  (aises  of 
basophilism  tinaa^  was  pnasmit,  a,  p<aailia,r  hyaiiiK^  (diang(‘  in  the  ba,sophil 
cells  of  the  pituitary  ;  this  was  tlu^  only  kasion  (aunmon  to  tiu':  con¬ 
ditions  mmitiomal.  fb^  eonsidm’s  tha.t  tlu'?  (duuige  is  jirobably  an 
(‘Xpr(\ssion  of  altmaal  physiological  activity  and  not  aai  iniUeatiori  of 
et'll  d(\gmH‘rai.ion.  In  a.  larga^  nunibm-  ofotiKa*  eonditions  in  which  the 
svndroni(‘  was  absent,  the  ehangi'  wa.s  found  in  only  a  hnv,  and.  in 
tlami  it*  was  of  slight  ilegnax  (trooki^’s  rtxsults  ba,V(^  Ixani  {airdirmed 
by  t  hos(‘  of  others.  Tln^  hyalinisai  ion  ol*  t  ln^  l)a,s()plnl  (atlls  apparently 
ri'pn'smits  a*  st  atic  of  funet  ional  a*et  ivity  Imt  itx  origin  am!  will  signiti- 
(‘atiee  aia^  not  yri  known. 

In  liistingiiishing  (hishing's  syndronu‘  from  virilism  due  to  adrenal 
cortical  by pnrfnnet ion  (‘st  imat  ion  of  tin*  1 7dvetomt(a’oids  in  the  urine 
may  Ix'  ludjifnl,  as  t  lu^  Imad  is  about,  nonnai  in  [)ituita,ry  cai.ses  but  is 
raisial  in  tlua  adnmo-gmiit.al  syndrome  (p.  Idbt). 

Pituitary  'Hypofiinctiou 

(tas('.s  of  this  static  occur  fiotii  in  (xarly  a.nd  late  lifm  As  a  group 
tlaw'  !’<‘;pi’es(mt.  mainly'  the  (dbads  ol  detieimiey  of  the  grovvtli  hormones 
aiui  t  ho  gonadot-ropbic.  hormones.  Inom^  (amditiouol  adiposity 

is  jiresimt*  in  addition  and  this  is  eonsidercid  to  Ixi  the  I'osult.  ot  a  lesion 
outside  tin's  pit. nit, ary.  In  t  In^  other  tliere  is  no  smdi  tendency  to 
ae(‘umuia,tion  of  fat.  As  (‘an  readily  b<^  un(l(M’st.o(xl,  ilio  deheioncy 
nniv  bes  brought,  about,  (dtlnu*  by  a.  lession  within  tln’i  pitnit.aii’y  itself, 
tumour  or  (h^strindiya^  hysion,  oi*  by  pnyssnre  li’oin  a.  growt.h  out.suku 
ddie  pit.nit  ary'  d(de(d.  /xT  .sv  is  olt.mi  eomplie.a.tcxl  by  t.hc;  (’sllmit.s  ol  lesions 
in  (lie  bvpot.liala.mie.  n^glon.  Various  syndronuys  ha.ve  iHHm  described 
but.  in  ma.nv  the  undmdying  st.rmd.ural  eha.ng(^  ha.s  not.  Ixxui  det.oianined. 
W(^  shall  giv<^  a.  few  of  flic  main  facts  cssl.a.blished. 

Simi'nonds’s  Disease,  ddiis  is  the  (‘.ommom^sl.  and  most 
imporfa.nt  exa.mph^  of  an((U’ioi'  lofx^  hypol mn^f.iom  biimnonds  de¬ 
scribed  t.iie  lesion  as  being  of  a.  u<x*.rotm  natures  prodmxxl  by  vascular 
disiurf>a.nce,  and  lu^  ohsiawnxl  su(*b  a.  le;sion  a.s  a,  p()st-pa.ri.uni  condition. 
Sinc(^  f.heai  a.  simila.r  symlronu^-  ha.s  Ixam  (lesiu'ibed  in  (xisos  ot  fil^^is? 
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and  more  rarely  of  tumours  and  cysts  involving  the  anterior  lobe. 
Sheehan  has  recently  made  a  very  important  contribution  to  the 
subfecd  by  showing  that  it  is  not  an  uncommon  post-partum  ocmrrenee 
ami  describing  both  pathological  and  clinical  features.  He  insists  that 
marked  wasting  is  not  a  feature  of  the  disorder,  and^  that  the  most 
conspicuous  external  change  is  the  total  loss  of  pubic  and  ax^aij 
hair  with  atrophy  of  the  gonads.  He  finds  that  the  original  lesion  is 
necrosis  in  varying  degree  of  the  anterior  lobe,  this  occurring  especially 
when  labour  has  been  complicated  by  collapse  or  shock,  notably  when 
accompanied  by  haemorrhage.  The  necrosis  is  the  result  of  ischaemia, 
and  it  is  followed  by  absorption  of  the  necrotic  tissue  and  by  fibrosis, 
with  consequent  shrinking.  It  is  quite  likely  that  cases  of  fibro&is 
recorded  by  others  have  been  produced  in  this  way.^  The  subsequent 
functional  changes  represent  the  results  of  anterior  lobe  damage. 
During  the  puerperium  there  is  absence  of  lactation  and  this  is  sue- 
ceedec?  by  important  effects  on  the  reproductive  system.  Thus  there 
occur  amenorrhcea,  absence  of  libido,  atrophy'  of  the  ovaries  anc 
uterus  and  notably  disappearance  of  the  pubic  and  axillary  tiair 
The  basal  metabolic  rate  and  blood  pressure  tend  to  be  lowered  and 
there  is  often  a  degree  of  hy^pochroniic  ansemia.  The  patients  show 
lassitude,  asthenia  and  sensitiveness  to  cold.  An  extreme  o 

hypersensitiveness  to  insulin  is  present  and  this  may  be  helptii  in 
diagnosis.  There  are  also  atrophic  changes  in  the  adi'enal  cortex  and 
thyroid.  Later,  symptoms  of  myxoedenia  develop  and  gradually 
become  more  and  more  prominent ;  the  latter  is  apparen  y  ue 
the  atrophic  condition  of  the  thjToid,  but  it  does  not  respond  well  to 
administration  of  thvToid  extract,  which  by  promoting  the  excretion 
of  sodium  chloride  may  precipitate  symptoms  of  adrenal  insu&caency 
In  this  disease  we  have  accordingly  a  strikmg  exampte  of  the 
diminution  of  activities  of  the  anterior  lobe,  and  the  merit 
work  has  been  to  relate  this  to  a  defimte  lesion  Avta 

It  may  be  noted  that  a  number  of  the  symptoms  described  may  be 
present  along  with  gi-eat  wasting  in  conditions  apart  from  a  ptmtaiy 
lesion  especiaUy  in  anorexia  nervosa,  which  is  of  psycho-neurotic  oii^n 
an?mry"be  recovered  from.  It  seems  to  us  that,  the  study  of  elimca 
symptoms  alone,  and  the  formation  of  so-called  symdromes  v^tliout 
EiowleTge  of  sHuctural  changes,  is  more  likely  to  retard  than  to 
advance  progress  in  this  department. 

Frohlich’s  Syndrome.  The  condition  known  by  tMs  name  was 
described  hv  Erohlich  in  1901  as  dystrophia  adiposo-gemtalis.  Children 
affected  by-this  dystrophy  are  small,  of  infantile  habit  and  abnormally 
fat  and  tL  sexual  glands  remain  undeveloped  ;  there  is  also  mcrease 
Bov.  some  of  the  female  eb.r.cte,.,  the  taps 

ITide  mdThere  is'  am  aecumulation  of  fat  m  the  mamiaa.  and  over 
the  buttocks.  Basal  metabolism  is  lomeied  and  the  temperatnte  tent 

tobes“»ormal.  The  results  of  operations  and  post-mortem  enamma. 

iZTeen  to  shorn  that  ,l»le  oeemtionall.v  an  adenoma  has  been 
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prrs(‘!its  ill  i'l'H'  majority  <>i’  e-a^ac's  the  Ix^sion  luis  bcivii  a  growth 

o\a‘riyiog  ihi‘  'pituitary  ami  (‘oiujUH^ssiug  it.  Wluai  a,  'pituita,ry  adoiioma 
has  hoiai  pi*(‘H(‘nt,  it  has  Ixam  ot  th(‘  ty  piy,  luwer  eosinophil. 

( t)mpr(‘ssioii  by  supi‘as(‘lhir  iaimoui*  imiy  elcauiy  afteet  lioth  the 
pituitarx'  and  ih<‘  parla  aboxa^.  its  ajid  (vxpm’iimxnts  liavo  shown,  that 
hvpopbyseetoinx‘  alom^  doixs  !\ot  haul  to  suelv  ehangexs  a.n(l  that  injury 
to  tlie  lix'l><>tha.laouis  is  tlu^  (‘ssi^ntiai  (‘hmient  in  the  |)ro<luetion  of  the 
olu'sitx ,  xvlrieli  is  aceiMupaniial  by  voiavoions  ajypcdK^^^^^  Of  the.  tumours 
brinuinsi:  about-  tliis  n^sult-  th(^  eoininoiu^st  are  tlu‘  eoiigamitai  growths 
in  la'gion  of  tlu^  infundibulum  a-nd  (hxrived  from  (‘kmuaits  of  the 
(•i-anio-pluirvith<^al  poiuh.  Yluxsi^.  (‘ont-ain  (vpitludial  ehmuad-s,  aa‘(‘,  solid 
or  eystie,  and  a.n‘  not-  infretpu'nl-ly  the  siait  of  ealeifuaition,  (‘specially 
in  tiudr  p(‘ripli(‘ry  ;  thus  t-luw  can  oft-mi  l>(‘  s(‘t‘n  in  an  X~ra,y  plate. 
Oeeasiomdly  l)on(‘  is  fornual  in  i-lu‘  si-roma,.  Furtluay  in  some  iiistanca^s 
th(^  gi'oxxdli  has  Ixam  a.  numingioma.  or  a-  glionui.,  aiid  i.he  Frcihlich. 
syndronu^  Ivas  Ixsai  observed  to  r<‘sult  also  irom  H(‘.voi*e  internal 
h\a  h'o<‘(‘[)halus. 

(hs(‘s  xvit  h  fcxd  iires  sonunvhat.  simila-r  to  those  in  Frdhlie-lds  disease 
orrur  also  in  adults  and  am  IndiiouMl  to  Ix^  th<‘  msult  ()f  l(‘si<)ns  oe.eurriug 
a.ftm'  gi*owih  has  e<‘as(Mh  Mere  atso  t-here  is  great  a,eeumulat,iou  of 
fat-  with  loss  of  sie\ual  fmu'tion  impohnux^  in  the  male,  amonorrlKBa 
and  st(xrility  in  lh(‘  lema.h' ;  t.h<‘r(‘.  is  also  imaxxrscxl  suga,r  tolerance. 
In  the  male  itu^  disposition  ol  tlx'.  a.ee(‘ssorv  tat  may  l(‘.a;d  t/O  a<  lemale 
(‘{(idignration.  Women  ar(‘.  moix^  fnxpuad-ly  a.lt(x^l(Ml  and  the  increase 
of  tat  is  sonud  inu^s  very  gr<‘at.,  (^sfxxaally  ov(u'  i.lu‘.  t  runk  xvluu’e  it  may 
he  somewlmt-  irn^guhirly  (list.rihutnd  ;  tJu^  adipos(‘.  l.issne  is  often  temder 
or  (‘.ven  painfid.  ’  <  hs(‘s^)f  th(‘.  lat-ter  t.yp(^  ar(M)fte.n  spoken  ()fasmtepo,te9 
de/mo.sY/  or  l)(‘rennrs  disea, S(V  hut-  <lifler(‘nl,  e.ondit-ions  have  jirobahly 
h(H‘ii  inelnd(‘d  umhn*  this  t(‘rm.  it  (‘aimot-  h(‘.  sa,id  at  i)r(‘.sent  whether 
all  such  (x»s<‘s  ar{‘  dn<‘  M)  h ypothalanfu-  <hunag(^  with  or  without  hypo- 
phvs(‘a-l  delieicmev,  hut  in  many  eas(‘s  of  th<‘  kind  ea-r(‘lully  (examined, 
th(‘  l(‘sion  poxsmit  lias  lxx‘n  an  ad(‘noma.  of  th(‘  ehromophteie  type, 
which  (‘viih'iit-ly  pnxlmx'S  a.nterior  lobe  (hdiei('ney  hy  replacing  the 
(S)sino[»hil  cells  ;  it  may  also  ea,ns(‘  <‘ir(‘ets  from  pressure  on  the  liypo- 
t.halami<‘.  region.  'rh(‘  nux-iuiuieal  n‘sults  of  smF  an  adenoma  are  the 
sa,m(‘  as  those  met  with  in  ac'rouuga.ly,  viz.  luxidae-luu  resirietiou.oi 
th(‘  fudd  of  vision,  l)it(‘mporal  hernia, nopsia,  and  sonudinws  blindness. 

PiluiUiry  Dwarfism.  (h,s(‘s  a, Iso  a-re^  r(xx)r(h‘(l  wher(‘  there  has 
IxxMi  int<‘rfer(‘n(X‘  wit-h  ossexms  growth  a,n(l  th(‘.  (hwelopment  ot  the 
s(‘xnal  glands,  hut  wh(‘rt‘.  aexannuhU-ion  of  fat  ha,s  been  absemt.  In 
such  (xis(‘S  the  normal  proportions  of  tlu^  Ixxly  a-re  maintainec  .  ssi- 
(iea-tion  g(‘n(‘ra,lly  is  imp(‘rlV(d.,  a, ml  th(‘  h()n(‘S  n-r(‘.  skauhvr  and  sometmies 
(VagiU^  ;  int<drig(‘mx‘,  is,  as  a.  ruU\  impa-iixxl.  In  extremes  examples  a 
e.ondition,  of  dwartism  n‘S(dts.  (,Ks(‘S  of  this  nature  are  now  usually 
known  uud(‘r  th(‘.  tith^  of  L()ra,imL(‘vi  syndroimv  Fr(lhejm,who  caUb 
the  e.ondition  ptf  (X)usid<n‘s  that  the  ant(..xxo.i  ^  0  e 

alone  is  iuvolvcxl,  and  that  wlum  (hdiedemey  iix  growth  is  assoexatea 
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with  accuimilation  of  fat  there  is  also  some  injurj’  to  the  base  of  the 
brain. 

Other  examples  of  pituitary  dwarfism  have  been  described,  but 
until  the  underlying  lesions  have  been  defined  we  have  little  knowledge 
of  the  real  meaning  of  the  syndromes.  It  is,  of  course,  evident  that 
the  characters  of  the  syndromes  may  depend  on  a  lesion  in  the  anterior 
or  posterior  lobe,  or  in  the  hypothalamus,  or  on  various  combinations 
of  these.  In  one  syndrome,  known  as  the  Lawrence-Moon-Biedl, 
there  is  evidence  that  an  hereditary  influence  is  concerned,  the  dwarfism 
being  accompanied  by  retinitis  pigmentosa  and  polydactyly.  A 
similar  influence  is  thought  to  obtain  in  the  Lorain-Levi  syndrome. 
It  may  be  noted  that  in  many  cases  of  pituitary  dwarfism  no  evidence 
of  a  tumour  has  been  found  on  X-ray  examination. 

Diabetes  Insipidus.  This  affection  is  characterised  by  persistent 
failure  to  concentrate  urine  and  thus  by  polyuria.  It  is  attended  also  by 
polydypsia  and  a  certain  amount  of  emaciation.  The  underljflng  lesion 
is  usually  in  the  hypothalamic  region  and  is  of  varying  nature— 
^  tumours,  gummata,  injuries,  etc. ;  in  some  cases  it  has  been  post- 
^  encephalitic.  Persistent  poljniria  has  been  produced  by  bilateral 
experimental  lesions  in  the  supraoptic  nuclei  or  in  the  fibres  of  the 
supraoptic-hypophyseal  tracts  which  connect  the  nuclei  to  the  neuro¬ 
hypophysis  via  the  stalk.  A  lesion  in  the  nucleus,  or  interruption  of 
the  flbrk  by  incision  or  by  clamping,  results  in  diabetes  ii^ipidus  and 
this,  like  the  disease  in  the  human  subject,  is  relieved  by  injections  of 
vasopressin.  So  much  is  clear,  but  some  points  have  not  yet  been 
explained.  For  example,  total  extirpation  of  the  pituitary  does  not 
produce  the  condition  nor  is  it  usuaUy  met  with  when  the  posterior 
lobe  is  destroyed  by  tumour.  It  has  been  foimd,  too,  that  the  presence 
of  a  certain  amount  of  functioning  anterior  lobe  is  necessary  for  per¬ 
manent  polyuria  (Biggart  and  Alexander).  There  is  stiU  want  of 
ac^reement  as  to  the  cells  concerned  in  the  production  of  the  horinone. 
There  has  been  a  tendency  to  ascribe  this  function  to  the  ceUs  of  the 
pars  intermedia,  but  this  is  small  in  man  aud  it  is  held  by  some  that 
the  special  ceUs  of  the  posterior  lobe,  caUed  pituicytes,  are  those  con¬ 
cerned  This  may  weU  be  the  case,  seeing  that  the  pituicytes  correspond 

to  an  extent  with  the  chromaffin  ceUs  of  the  adrenal  meduUa  which 
produce  adrenalin. 


Tumoiirs 

These  are  of  considerable  variety  but  of  rare  occurrence.  As  has 
already  been  mentioned,  enlargement  of  the  hypophysis  may  be  due 
to  an  adenomatous  growth,  and  this  may  be  composed  maiffiy  of  one 
of  the  three  types  of  cells  in  the  anterior  lobe— chromophobe,  eosino- 
phil,  basophil.  The  frequency  of  occurrence  of  the  correspond^ 
adenomas  is  in  this  order.  OceasionaUy  an  adenoma  assumes  mahg- 
nant  characters.  There  is  general  agreement  that  adenomas  oi  the 
chromophobe  type  do  not  lead  to  specific  symptoms  or  evidence  of 
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|iy|,c,rfuncl,ioii  but  arc  a.Hciulcd  ra.Uicr  by  [signs  of  anterior  lobe 
(leli<[ieiu[y.  Tlx'y  may  also  <auiso  elTects  by  ])rcs.sing  on  the  hypo- 
ilnibunie'  la^gion.'  Such  growi.bs  iire,  bowevor,  rare  before  adult  life, 
;u(d  tlio  r(!s\dts  of  [interior  lolie  dolicioncy  in  early  life  are  usually 
produced  by  tbc  pi'cssiirc  of  [i  growth  ontsidis  tl»e  pituitary.  A  ebromo- 
pli(di(‘  [Klcnouui,  is  composed  of  imi.sses  of  round  cells  of  rather  in- 
dllTcrciit.  [rppc[iTance  lying  in  [dvc^olar  sp[iees  enclosed  by  fibrous  stroma. 

It  1ms  been  shown  by  (hanuu'  [Uid  Morning  that  prolongrsi  iuje(;tion 
L)f  [estrone  in  mice  pi'oduces  by I'ni'pbi.siii  of  the  chromophobe  ([ells  and 
someiiines  an  [i.etmd  ad('nonm,  in  vvhi([h  eosinophil  [ind  biisophil 
cells  [ire  very  sc:nily.  'I’his  is  [i  vtuy  inieresliug  ex;iinpl([  of  t,h([  iictiou 
on  th([  pitiiiiary  of  lh([  hormon([  of  [iiiotluM-  endocrine,  gland.  The 
,osi)ioii/i!l  [idmimnas  (piite  cle[irly  show  by |>errun([tion  which  leads 
to  overgi'owth  [is  seen  in  gi[intism  and  also  ellects  on  the  gonads. 
Hoth  chromophobe  and  cosino|)hil  adenomas  imiy  reach  a  consider¬ 
able  si7.('.  causing  absorpl  ion  of  tione  and  pre.ssing  on  l.he  optic  chiasnia 
and  adjacf'iit  parts.  The,  ha  ■'to  phi  I  adenomas  are  the  rarest,  type  ot 
tumour  and  [in'  usually  ol  small  .si/.e. 

The  commonest  growl, h  ont,side  l,he  pituitary  and  producing 
anl,erior  lobe  deficiency  l>y  pn'ssure  is  one  ol  congenital  origin  and 
derived  from  ectodcrniar  cells  of  the  cra,iiio-|ih[i,ryngcal  upgrowth, 
rn,m  which  the  livpophvsis  is  developed  ;  it  is  iisiiidly  suprasellar 
in  position  1111(1  is  oltcii' cystic  (Kig.  ■ISl).  (!yst,ie,  tumours  or  cysts 
occasionally  arisi*  also  tVoiii  t.lic  pars  inl,crni(‘dia  and  may  contain 
..pit, helium.  These  are  t.riH'  ttatlikc  pouch  tumours  and  they 
may  cause  atrophy  of  l,he  ivst  of  t  he  gland.  As  has  bi'en  nii'iitioiu'd 
alHwe  exti-!i.-pitui'l,arv  tumours  in  t.lie  suprasellar  ri'gion  may  involve 
the  nuclei  of  t  he  liyiiotlialanius  and  h'u.d  t,o  disturbances  ol  lat  meta¬ 
bolism  and  also  polyuria.  Sarcoma  may  ht'  ini't  with,  but  it  is  very 


Pineal  (Uaml.  What  is  knowti  wit.li  in  this  jiibuul  c.lut^ny  concorns 

'I’hosc  ol.si'rv.'il  Imv.'  tie.',,  of  .lilT.'rc.it  types  hut  m.ui.ly  tornt^d 
«„,.U1S,  aa.'ue.ua  or  pi.ic.ihm.a,  a.i.t  gmmlioi..[ur..iua.  ' 

wil.u  espei-iaily  ill  «'iirly  life  ;  alt  are  of  rare  oeeurreiiee,  ('spis'ia  ly  tlio  last  nm- 
(.ioiied.  ttm'rtH  are  produeeil  liy  pressure  oil  noigUllouniig  ’ 

hy.troeephalus,  ocular  paralyses  and  deafiu'SH  iretu  impUcatKm  of  tlio  co^ 
uuadriveiniiia.  atso  eerel.ellar  effeets,  giddiness,  etc.,  may  romilt.  In  a  mimber 
<  f  casit  affecting  young  l.oys  an  interesl,ing  plienomi'iion  has  beoii,  the  obbditao 
Ir  PL,.  prjl,  there  lieing  an  exio.ssive  growth  of  tho  body  and  promatee  . 
(lovolopm.Mit  of  llio  sexual  organs  aec.oni(iaiiuMl  by  liiiHutios  ,  , 

obositv.  Ill  ot.her  cases  of  ,.im'al  l,un.our  sucli  e(f.'c(,s  to 

fui'tlK'i'  a  siinilar  group  of  cliangi'.s  has  Ims'ii  ini't  witli  in  iitlim  l(»i,  ■  ^ 

ote  'file  syndrome  is  prebably  not  mnlly  a  pnien  .[llec t  but 
of  disturbance  of  norve  l.nicts  possil.ly  ivlab'd  b.  *'>' V’’'''''’' p  h 
work  on  t,lie  snbjeet  tins  tieeii  nosal istaelory.  Imt  Kownliei'  am  <  '  ' 

tlm  eonl,im,ed  injeetion  of  pine,. I  extract  l,o  rats  n.  successive  ^ 

m  ,.,m,.„„tieu  of  the  gn,w,,li  eft, he  body  but  a,ceolernl„en  ol 

unit  of  the  ousel,  of  adolescence,  'fhese  .'lianges  . . .  m  u,  ^  ‘  j;” 

and  1at,er  the  reHiilt,  is  dwartism  and  sexual  prece.'.ty,  i  heso  uisults  ol 
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iiijeel’ioii  of  pineal  extracts  are  of  interest  in  reflation  to  tlios^*  obtaiiu'd  with 
tliyiiins  exi'Cacts,  as  in  liotli  cases  there  is  mi  iiitensitifatioii  of  in  sijrcpssive 

generations.  So  far  aa  tiodily  growtli,  liowe\"er,  is  coiicerneti.  thf‘  f‘[fcrts  art*  of 
opposite  kinds.  Experimental  removal  of  tlie  pineal  lias  as  yet  gi\'eii  no  definite 
information. 


THE  THYROID 

The  most  important  results  of  disease  of  the  thyroid  depend  on 
absence  or  deficiency,  on  the  one  hand,  and  excess,  on  the  other,  of 
the  thyroid  secretion  ;  and  these  are  met  with  chiefly  as  the  results 
of  atrophic  change  and  hyperplasia  of  the  gland  respectively.  The 
activity  of  the  thyroid  is  to  some  extent  controlled  by  the  secretion 
of  th}T:otrophic  hormone  by  the  anterior  pituitary,  destruction  of  which 
may  be  complicated  by  secondary  thjToid  insufficiency.  Conversely, 
however,  the  evidence  is  not  complete  that  any  form  of  hype:rtli}Toidisiii 
in  man  is  due  to  oversecretion  of  th^uotrophic  hormone.  In  the  state 
of  maximum  th^uoid  overactivity  seen  in  exophthalmic  goitre,  th\TO- 
trophic  hormone  is  not  excreted  in  the  urine  in  excess  so  long  as  the 
th3Uoid  is  intact,  but  after  partial  thyroidectomy,  it  appears  in  the 
mine  in  increased  amount.  In  idiopathic  inyxcedema,  on  the  other 
hand,  tliyrotropliic  hormone  is  excreted  in  the  urine  ;  tliis  is  probably 
analogous  to  the  post-menopausal  excretion  of  F.S.H.  gonadotrophin. 
The  results  of  thyroidectomy  for  goitre  in  man,  the  symptoms  associated 
mth  atrophic  or  hypoplastic  disease  of  the  gland,  and  the  effects  of 
experimental  removal  of  the  gland  in  animals,  are  in  harmony  in 
showing  the  important,  definite  effects  which  the  internal  secretion 
of  the  thyroid  has  on  growth  and  metabolism.  The  common  occur¬ 
rence  of  tetany  and  other  nervous  symptoms,  when  the  gland  was 
removed  in  cats  and  dogs,  at  first  appeared  to  be  in  disagreement 
with  the  general  results,  but  it  is  now  known  that  such  symptoms  of 
acute  nature  are.  due  to  removal  of  the  parathyroids  (p.  1042)  along 
with  the  thyroid.  Deficiency  of  the  thyroid  secretion  in  the  early 
years  of  life  leads  to  imperfect  growth  of  the  body  generaUy,  especialy 
of  the  osseous  system  and  the  genital  glands,  and  interference  with 
the  development  of  the  mental  faculties.  These  effects  will  be  de¬ 
scribed  in  connection  with  sporadic  cretinism. 

In  the  adult,  the  nutritional  effects  of  deficiency  are  seen  in  the 
changes  which  occur  in  the  cutaneous  and  other  connective  tissues, 
and  in  the  associated  atrophy  of  the  hair  and  other  structures  of  the 
skin.  The  nervous  system  also  is  profoundly  affected,  apathy,  slow¬ 
ness  of  cerebration,  and  sluggishness  of  nervous  response  bemg  pro¬ 
minent  features.  HjTpertropMc  changes  of  the  tissues  are,  however, 
not  produced  by  hyperactivity  of  the  gland,  such  as  occurs  in  the  c*ase 
of  the  pituitary.  In  addition  to  the  eff'ects  on  growth  and  the  nutrition 
of  the  tissues,  the  thyroid  secretion  has  an  equally  important  Miience 
in  promoting  metabolism  and  in  various  functional  activities.  The 
basal  metabolism,  that  is,  the  number  of  calories  produced  by  an  animal 
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or  iiiilis  iiiiial  in  :r  IVisi  ing  coinlilinii  and  a.l  rcsl;,  is  diininislu'd  M'hon 
(  he  |.h\  i'niil  scri  rl  iuii  is  dcliciciil.  ;  and  t-lu'rc  is  a,  l('iidcnc.y  to  sulmormal 
(cmiicratiirc.  On  tin'  oMicr  liand,  liy|HM-ar.livity  o,i:  the  alaiid  raises 
the  basal  nirlabolism,  a-nd  llio  injcclioii  of  liiyi'oid  juiea:  or  tliyroxine 
in  auinnds  lias  tlio  sa.ino  (>ll.'oct.  l/iko  otlior  ondoerino  .ylauds,  the 
i.livroid  is  intinialcly  related  (o  (airboliydrat.o  mota, holism.  Diminution 
oi;'|,|„-  thyroid  scciad  ion  leads  to  an  inenaised  toleraauie  o:l;  sugar,  so 
that,  it  is' impossible,  to  produee  glye.osiiria,  by  oral  adniinistration  of 
elueose,  a.nd  the  elTeels  of  adrenalin,  a, ml  oilier  agents  wliieh  produce 
glyeosmia.,  are  mueh  diminished.  In  hypothyroidism  the  blood 
eholes(,erol  is  raised;  e.onversely,  hyi>erae,tivity  of  the  thyroid  leads  to 
increased  mobilisation  of  sugar,  tendeney  to  glyeosuria,  aavd  the  blood 


ehoh'sl'iM'iil  is  lou'i'red. 

'I’he  a.el.ivity  of  the  thyroid  seeretion  is  shown  to  depend  on  an 
iodine-eontaining  snbstanee.  Ihuimunn.  in  .1  Sllf),  sliovved  that  the 
thyroid  eouliained  a.  very  luneh  huger  a.nu)nnt  ol  iodine,  tluin  any  other 
tisine  of  the  body,  an<rOs\va,ld  found  that  in  the  colloid  material  two 
.dobnlins  were  present  in  a^Toeia.fion,  and  oiu'  of  these  eonta.ining  iodine 
he  mimed  iodothyroglobulin.  'I'heri'after  Kendall  isolated  in  crystalline 
form  an  iodine-eontaining  snbsta,ne,e  which  he  called  thyro.sine.  hoine- 
whnt.  later  llarringlon  demonsl.ral ed  the  t.rue  eonstitution  of  thyro.xine, 
and  later  still,  in  eolhiboral  ion  with  I'.arger,  synthesised  it..  'I'hyro-xiiK', 
an  a,mino-aeid,  is  a  eondensalion  product,  of  tw'o  moleenles  ofdi-iodo-_ 
fvrosine.  It.  contains  ahont  (id  [ler  eeni.._of  iodine  but  lesn  than  hall 
of  the  total  iodine  content,  of  t.he  gland  is  in  the  loi'in  ol  thyroxine, 
'i’he  thyroid  thus  has  a.  store  of  iodine-eontaining  protein  in  its  colloid, 
the  speeilic  physiological  action  of  which  is  due  to  iodothyroglohuhn, 
of  which  Ihyroxine  and  di-iodofyrosilie  a, re  emistifnents  ;  m  fact 
„,a,.|iral!v  all  the  iodine  of  the  (hyrohl  is  in  organic  eomhmation. 

It  ha,s  hemi  shown  that  fe.eding  with  thynfid  or  thyroxine,  has  a 
remarkahle  elfeet.  in  aeei-lera.ting  l.lii'  met.a.morphosis  of  tadpoles  ;  there 
is  therefore  a.  d.-erea-se  in  si/.e  with  premature  development  o.  the  adult 
yha,ra.et.m-s,  reiliudion  of  Ihi'  fa.il,  efe..  'I’liis  is  the  lia.sis  ot  ihe  (lu;!^- 
,ia.fseh  test  nsi-d  in  invesfigating  the  propert.ies  of  thyrmd  seeretion 
ill  dilVermif  eomlifimis,  as  regards  its  iodine  eoiit.ent,  hut  it  is  not  liighly 


Since  the  si.eeilie  physiological  uel.ivit.y  of  the  thyrokl  (lepenils  on, 
its  iodiiie-eo.ifiiining  siwrefion,  a,  sfafe  of  fniiefional  'lelieieiiey  may 
h,^  hroughl.  ahont.  either  by  liisnirH'ieid.  hit.aki'  of  ioitnie,  or  by  ladnre 
fo  ut.ilisi-  the  iodiiK'  a.yailable.  In  eiidemie  goifre  {p.  I02(i)  the  fmmer 
is  <‘speeia.lly  imporl.aiif  hut.  the  hd.l.i'r  may  also  be  eoneeriied  m  some 
iiistanees  (Met irrisoii),  and  in  both  Uu‘  thyroid 
hyperplasia,  with  diminution  in  the  a.mouut  of  stored  colloid.  Oc 
mganic  sulphur  compounds,  e.g.  thiourea., 

funnation  of  thyroid  hormone  by  imflug  speeilie.ally  <m_  ^ 

en/,vme  system  which  links  iodine  to  tyrosimy  an 

step.  M’bioey anal.es,  on  the  uthm-  hand,  pnwent,  t.he  mitnil  accumul 
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tion  of  iodine  by  blocking  the  iodinase  enzjniies.  Administration  of 
such  drugs  brings  about  a  state  analogous  to  iodine  lack  and  greatly 
diminishes  the  ph^^-siological  efficiency  of  the  gland.  Morphologically 
however,  the  gland  enlarges  and  undergoes  active  h}T3erplasia  vitli 
lack  of  storage  of  colloid  in  the  vesicles.  These  hy|>erpiastic  changes 
are  believed  to  be  brought  about  by  increased  secretion  of  th}Totrophic 
hormone  which  results  from  the  fall  in  the  level  of  thyroid  hormone 
in  the  circulating  blood,  since  they  cannot  be  obtained  in  li}'popli\'S- 
ectomised  animals.  The  resulting  liistological  picture  is  like  that  in 
endemic  parenchymatous  goitre  when  iodine  deficiency  is  severe  and 
is  also  closely  similar  to  that  in  exophthalmic  goitre.  Clearly  therefore 
it  is  impossible  to  assess  the  functional  efficiency  of  a  hyperplastic 
thyroid  from  histological  examination  alone. 

We  shall  now  give  an  account  of  the  chief  diseases  of  the  thyroid, 
dealing  first  with  those  resulting  from  deficiency.  Of  the  latter  there 
are  two  main  examples — the  condition  arising  in  the  adult  from 
thyroid  atrophy,  generally  known  as  myxcedema,  and  the  condition 
due  to  deficiency  in  early  life,  resulting  in  cretinism.  Of  this  again., 
there  are  two  varieties,  namely,  the  sporadic  cretinism'which  may  be  m,et 
with  in  any  locality  and  in  which  the  thyroid  is  deficient  or  absent, 
and  the  endemic  cretinism  which  is  present  in  goitrous  regions  and  is 
generally  associated  with  enlargement  of  the  gland. 

Thyroid  Deficiency 

(1)  Myxoedema.  This  term  is  usually  applied  to  the  condition 
resulting  from  thyroid  deficiency  in  the  adult,  though  the  state  of 


iiXgl  VXiVJ  - - 

the  appearance. 


sporadic  cretinism,  or  infantile  myxcedema  due  to  congenital  deficiency 
or  absence,  is  essentiaUy  of  the  same  nature.  Myxmdema  occurs 
1  The  late  Dr.  John  Thomson  kindly  supplied  the  photographs  from  winch 
Figs.  618,  619,  622,  623,  are  reproduced. 


I  Ills 

(•}ii(‘llv  in  Ia4.<‘  Jiduli  Hid,  tli()U,i!;!i  HoinoiiinoH  at  a  (‘()iiip;ir;itiv(‘,|y  early 
|Mn'io(!,  a.n<l  is  coiuniniKn’  in  woiaeii  ihaji  in  incvn.  Thc^  skin  hoc.oines 
sntninvliai  sw(>l!<ai  a.nd  ra.t.lnn*  linn,  smooth,  dry  a,nd  s()nuvti,ines  scaly, 
lianas  is  gimoraJ  a4.rop!iy  of  hair  Idllhdos,  and  the  hair  of  the  head 
liiid  otlica*  |)a.rt,s  fails  out  In  a.  varying  d(,^gree,  'whilst  there  is  marked 
diminution  ol'  the  secretion  of  tin/  swaad.  and  s<^ba.e(M)US  glands  (Fig, 
dlS).  A  ei'rta.in  d(‘gr('(‘  of  iner<ais<‘  of  iiu^  adi|)os(‘.  tissia^  is 
presiMit.  d1ie  eireulation  is  iinpiadeel^  ii»<‘  InaarFs  a.el,ion  a,nd,  the 
rrspiraiions  an'  slowial  and  tin*  patient,  sutlers  from  cold  ;  sometimes 
tiit're  is  a.  dist.inet.  malar  Hush.  Idie  hasai  nu'taiaolism  is  distinctly 
lowered  and  the  t(‘mp<'rat  ur(‘  ti'uds  to  lie.  subnormai.  Also  general 


Fua  'rhyroid  ill  my xeMknna, 

Hhowiuf,^  irna.jnlnr  iil)rOHis  lual 
ulrophy. 


r>21.  Soid.ion  of  iliyroid  in 
my xe’idenui,  Hhovvin|jj  tlu'i  atrophied 
nmiains  of  a,e,iai  (a)  and  lyinpho- 
infill. ra,ti<m  {(>).  X  75. 


Iichrliidc,  slowness  of  s|.oc<-h  an.l  slnoKislincss  of  inovoinonte  arc 
fcaiiir.'s  ol'  liic  alfortion,  and  (heso  lend  l.o  h<‘conu‘  in(!f('a,sina:ly  pic- 
,ui,u.n(.  Th.‘  soxna.1  finu.i.lnns  also  a.ro  a.llcot.o.l.  In  younaor  women, 
(,luMv  is  oflon  anicnorrho'a,  l.uf  in  middle  a, fie  menorrlmfjia  is  common, 
w-lnlsi.  in  nmn  impolcncc  lends  fo  .levclop.  Amcmia  is  usmdjy  inescnt 
ami  occasiomdlv  nmv  be  maeroeyfie  (Boinrord).  _ 

./  SriUHTOiiAi;  Chanoks.  'I’he  ciianecs  in  the  Miyroid  may  bo  said 
i,„  ho  of  ibo  naiure  of  a  fibroid  adropl-.V.  Tli(‘  eland  is  (limimsl.cd  m 
si/,,,  sometimes  rodiieed  io  a  iJiin  layer,  lias  a.  ioiieli  eonsistence,  and 
,na,v  be  fairly  smouM,  or  soinewliaf  no.lular  ( Kipe  (WO).  On  microscoinc 
(‘xaininaiion,  in  ad  vaaie,.,!  cases  one  may  findfliadin  |):u'fsi  m  e  am  u  ai 
tissue  1ms  disappeared  and  been  leplaeed  by  librous  tissue  with,  exten¬ 
sive  Iviniiboevtie  inliltration.  In  oOii'r  parts  all  staei'S  of  atrop  ly 
and  d'isappearanee  of  l.lie  acini  can  be,  followed.  The  surviv,tng  acini 
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are  small  and  contain  little  colloid,  some  being  reduced  to  smaE  rings 
of  cubical  cells  without  colloid  in  the  interior  (Fig.  621).  Small  masses 
of  epithelial  cells  and  isolated  cells  may  be  scattered  amongst  the 
lymphocjdic  infiltration.  The  cause  of  these  atrophic  changes  in  the  . 
tliyi'oid  is  still  unknow  ;  in  a  small  proportion  of  cases  they  follow 
hyperplastic  changes.  The  connectiYe  tissue  of  the  skin  is  swollen, 
the  collagen  fibres  are  indistinct  and  there  appears  to  be  an  excess  of 
semi-fluid  material,  but  the  tissue  is  not  reaUy  myxomatous  in  t\"pe. 
Excess  of  mucin  has  been  found  in  some  cases  especially  at  an  early 
stage,  but  it  is  not  marked.  The  structures  of  the  skin  show  atropMe 
changes.  Similar  change  in  the  connective  tissue  may  be  present  in 
other  parts,  for  example  in  the  interstitial  tissue  of  the  nerves,  where 
it  may  be  associated  with  a  certain  amount  of  atrophy  of  the  nerve 
fibres. 

Nature  of  the  Disease.  The  various  changes  in  structure  and 
function  met  with  in  myxoedema  are  closely  similar  to  those  which  ■ 
result  from  removal  of  the  thyroid  gland  for  goitre— the  condition 
known  as  cachexia  strumipriva — and  are  undoubtedly  due  to  deficiency 
of  the  thyroid  secretion.  This  was  conclusively  shown  by  the 
therapeutic  results  obtained  by  thyroid  treatment.  Favourable  effects 
were  first  obtained  by  transplanting  portions  of  thjToid.  It  was  then 
found  that  a  similar  result  w^as  produced  by  injection  of  the  thwoid 
juice,  and  finally,  that  administration  of  the  Juice  or  of  dried  th^woid 
by  the  mouth  was  equally  efficacious.  By  means  of  thyroid  feeding, 
ail  the  abnormalities  described  above  may  gradually  disappear.  Not 
only  the  functional  disturbances  but  also  the  structural  changes  pass 
off ;  the  hair  becomes  gradually  restored,  the  aspect  of  the  patieiit 
returns  to  normal,  and  sometimes  also  the  mental  activity.  In  fact, 
owing  to  the  early  recognition  and  treatment  of  the  disease,  myxcedema 
is  not  often  seen  nowadays  in  its  fully  developed  form.  ^  Deficiency 
of  anterior  pituitary  function  leads  to  loss  of  th^Totrophic  iioinione 
and  inyxoedenia  may  thus  complicate  Siminonds's  disease,  but  in 
ordinary  myxoedenia  active  thjuotrophic  hormone  is  excreted  in  tlie 
urine,  presumably  because  it  is  not  utilised  by  the  diseased  thyroid ; 
the  iirimary  cause  therefore  appears  to  reside  in  the  thjToid  itself. 

(2)  Sporadic  Cretinism  or  Infantile  Myxoedema.  This 
condition  is  due  to  congenital  absence  or  h^-poplasia  of  the  thyroid 
tissue.  It  is  met  with  from  time  to  time  in  ah  localities,  unlike  endemm 
cretinism,  and  the  causation  of  the  defect  is  unknown.  The  thjwoid 
lesion  does  not  affect  intra-uterine  growth,  the  fcetus  receiving  a 
sufficient  supply  of  thyroxine  from  the  mother,  and  the  effects  of  the 
lesion  usually  begin  to  appear  about  the  second  year  of  Me.  llie 
oTOwth  of  bone  is  markedly  interfered  with,  and  the  cretin  is  stunted, 
or  a  dwarf;  the  defect  in  bone  formation  is  a  general  one,  iiicliidiiig 
both  endochondral  and  intra-membranous  ossification,  and  thus  the 
bones  are  smaller  as  well  as  shorter  than  normahy.  The  cartilage 
at  the  epiphyseal  lines  persists  long  after  the  usual  time  of  ossification  ; 


ENDOCRmE  GLANDS 


1021 


bone,  diminution  of  the  abnormalities  in  appearance,  and  even  im¬ 
provement  in  the  intelligence  (Fig.  623).  Such  effects  are  obtained 
only  when  the  treatment  is  carried  out,  at  an  early  stage  and  is  con¬ 
tinued  throughout  life  ;  if  begun  only  beyond  the  period  of  normal 
growth  there  is  comparatively  little  effect. 

(3)  Endemic  Cretinism.  In  goitrous  districts  cretins  are  not 
uncommon,  and  the  condition  is  then  known  as  endemic  cretinism. 
Such  cretins  present  the  general  features  of  the  sporadic  form  just 
described,  there  being  a  similar  defect  in  the  grow^th  of  the  bones, 
in  the  development  of  the  genital  glands,  etc.  All  degrees  of  the  con¬ 
dition  are  met  with  and  in  extreme  cases  the  state  is  one  of  idiocy. 
An  important  point,  however,  is  that  deaf  mutism  is  very  often  pre¬ 
sent  as  an  additional  condition.  In  the  great  majority  of  eases  of 
endemic  cretinism  a  goitre  is  present,  although  in  some  instances  the 
thyroid  is  atrophic  and  fibrous.  The  goitre  is  nearly  always  of  the 
nodular  form  (p.  1026),  the  gland  being  occupied  by  tumour-like 
nodules  between  which  the  rest  of  the  parenchyma  is  compressed  and 
represented  by  the  atrophic  remains  of  epithelial  cells  and  coUoid. 
Cretins  of  this  type  are  nearly  always  the  offspring  of  goitrous  mothers 
and  the  goitre  in  the  cretin  is  the  result  of  thjnoid  deficiency  during 
intra-uterine  life.  The  goitre  is  deficient  in  activity  for  purposes  of 
growth  and  thus  the  characteristic  symptoms  of  cretinism  appear.  ■■  On 
the  other  hand  the  goitre  of  the  mother  may  be  sufficiently  active  to 
prevent  symptoms  from  appearing  in  her.  The  cause  of  the  deaf 
mutism  is  still  obscure.  It  may  be  noted  that  thyroid  treatment  has 
been  found  less  effective  in  endemic  cretinism  than  in  the  sporadic 
form. 


Hyperthyroidism 

The  term  '  hyperthyroidism '  is  used  as  indicating  increased 
formative  and  secretory  activity  of  the  gland,  without  implying  that 
the  secretion  is  of  normal  character.  Recently,  the  term  '  thjTotoxi- 
cosis  ’  has  been  applied  to  the  condition. 

(1)  Exophthalmic  Goitre.  This  affection,  which  is  also  known 
as  Graves’  disease,  is  associated  with  th}Toid  enlargement  and  exo¬ 
phthalmos,  and  is  characterised  by  a  group  of  spnptoms  most  of 
which  may  be  regarded  as  the  effect  of  increased  functional  activity  of 
the  thjnoid,  or  hyperthyroidism.  The  disease  is  much  commoner ^  in 
females  than  in  males,  and  occurs  most  frequently  in  early  adiiffAife, 
though  also  at  a  later  period.  An  important  point  is  that  the  s\  mptoms 
usually  develop  a  comparatively  short  time  after  the  thyroid  enlarge- 
rnent.^'  The  patient  suffers  from  tachycardia,  twitchiiigs  and  tremblings, 
weakness,  tendency  to  flushing  of  the  skin  and  diffuse  perspiration. 
In,  fact,  the  symptoms  may  he  said  to  represent  increased  excitability 
and  inkability,  especially  of  the  sympathetic  system.  The  basal 
metabolism  is  distinctly  increased  and  may  sometimes  be  60  per  cent. 


|0;i2 


T 1^:  Xiv  BOOK  OF  PAT  i-I.O  LOG Y 


or  <‘vr‘ii  al)ovt‘  Ihc  normal,  a.nd  Mnaa*  is  not  only  iiua'cased 

rcspiraiory  rliani^c^  but-  incroasiMl  (^xcroiaon  of’  nitroy^(m,  windi  is  often 
atiniuba!  by  loss  of  waaybt,.  11h^  ea,rl)oliy(lraf(‘  imvtalxdism  also  is 
<listnrb(Ml,  tlu're  is  a.  (iinnuisluMl  toba'aiiua^  of  su!L!;a,r  and  soirietimes 
glyeosiiriai  is  presi^nt-. 

In  i'x:<)j:)litha.l!ni(:‘.  m(d-aJ)olisin  also  is  alTected. 

'riaaa*  is  a.  witbdra.wal  of  (•al'.ivun  from  tlio  spongiosa.  of  bones  and 
iii(.vnx‘i.s(ai  (^x<a’etion  of  it,  but  tlH3  l)loO(l  ealeiuin  is  tiot  inonxiscni.  The 
boiu's,  with  the  exec'.ption  of  the  e.ortox,  Ixu'.onn^  moia^  porous  and 
tliis  is  du(3  to  resorptioii  I)y  osttMxda.stie  aic.tivit.y  ;  is  ,no  forma¬ 

tion  r>f  osteoid  i. issue. 

.,/  S'riiiu.rniaAn  (Iuanous.  \l'\w  (mla.!‘ii;(mu'vnt  of  the  thyroid  varies 
eonsidtanibly  in  dilh'nmt.  easi^s.  It  is  gianu'al  in  most  (xisi^s  (Fig.  625), 
though  not  infreipmntly  one  lolx;  is  mort^  alteG.ed  ila.n  the  other. 
Although  (‘ulargeimmi.  is  usually  gameral  if.  may  he  liy  no  means 
uniform.  Koine  parts  may  eonlaiin  a,  eonsidtvrahle  amount  of  colloid, 
others  little'  ;  theri^  nia.y  also  !h3.  noduhuit.y  of  t.in^  surhiee.  On  sec¬ 
tion,  tlu'  a.j){H'a,ra.nc‘e  of  du'  pa-r<au‘liyma,  is  allmvd,  being  less  brown 
aeariess  t.ransiueent  than  oialina.rily,  owing  to  diminut^ion  of  colloid, 

and  in  many  cases  the 
gh„i:nd,  sithstance  is  of  a 
( 1  nil  g  rey  i  sh  -  pi  i  ik,  colour 
vvi.tli  lobular  arrange- 
1 1 1  (3  n,  t:. ,  li  0  appearaiiico 

s  o  m  <3  w  h,  j'l  t  r(3S()ml:)ling 
tluvt  ol:  a.  salivary  gland. 
T1u3  gland  substance  is 
ino(l,(3ratol.y  firm  and 
!■  a.  t.  h  <3  r  8  n  c  c  u  1  e  n  t, 
though,  in  advanced  cases 
th(3re  nney  lie  a  certain 
a.  m  o  n  n  t  o  f  fibrosis. 
,|jarg(3  veins  are  present 
<..ni  tlie  surface  and  the 
superfi(‘.ial  arteries  may 

be  <uda.rg(sl,  but  tlu',  organ  as  a.  whoh^  is  not  speeially  vascular. 

On  Mionosoorio  Kxamination  tht^  e.lmnges  found  vary  some- 
whals  a.(3(*ording  l^o  tiu^  st^agi^  ol  du3  aIl,c<‘tion,  but  they  may^  he 
said  to  repr('S(3td.  {‘hi<3{ly  hyperplasia,  of  the  (^pithoUinn  and  climinu- 
t.ion  of  the  <u)lloid  (‘ontnnts,  ddu'*  epithelial  (U'ils  ol  the  acini  become 
inereasiHl  in  si/>e  and  mor<‘.  c.olummir  in  type.  Numerous  small 
a,e.ini  a.r(3  forimd,  whih^  in  t,b(3  la.rg(3r  on<3S  papilliform  ingrowths 
are  often  presiuit,  and  th(3  epit, Indium  ma,y  be  in  more  than  one 
laya^r.  While  tlu'-se  einiugiis  am  going  on,  the  cadloid  becomes  altered 
in  (piality  and  diminished  in  amount.  At  first  it  appears  to  he  more 
watery  and  sta,ins  k'.ss  (fen.jily,  a,n<l  tlien  gra,dna,ily  becomes  absorbed 
as  the  growtli  of  epitlu^lium  exti^mls.  intimately  there  may  be  i  ® 
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staiiiable  material  left,  wliilst  the  acini  have  become  more  immerous 
and  smaller  ;  the  increase  in  number,  however,  may  be  in  part  only 
apparent  and  due  to  the  infolding  of  the  walls  of  the  acini.  It  is 
evident  that  the  epithelial  surface,  as  a  whole,  has  become  enor¬ 
mously  increased  (Fig.  626).  These  changes  are  usually  interpreted 
as  representing  increased  activity  and  increased  formation  of  secre¬ 
tion,  which  is,  however,  not  retained  but  passed  on  to  the  blood 
stream.  Not  infrequently  there  is  a  considerable  amount  of  lympho¬ 
cytic  infiltration,  sometimes  with  the  formation  of  small  lymphoid 
folhcles  ;  these  changes  are  usually  most  marked  in  the  superficial  part 
of  the  gland.  The  alterations  described  are  sometimes  fairly  uniform 
throughout  the  gland  but  that  is  by  no  means  always  the  case. 
The  gland  often  shows  variations  at  different  places  ;  in  some  parts 
active  epitheHal  changes  are 
present,  in  others  there  are 
quiescent  acini  which  may  contaui 
a  considerable  amount  of  coUoid. 

On  microscopic  examination  of 
one  portion  of  the  gland  one  may 
fail  to  find  changes  which  would 
indicate  the  presence  of  exophthal¬ 
mic  goitre.  At  a  later  period, 
when  the  acute  symptoms  are 
begimiing  to  subside,  colloid 
begins  to  reaccumulate  and  may 
be  present  in  considerable  amount. 

Thus  the  picture  may  be  one  of 
hyperplasia  and  subsequent  in¬ 
volution  irregularly  distributed, 
and  even  fibrosis  at  places.  In  a 
number  of  cases  the  symptoms  of 

generalised  myxcedema  have  ^  ^  ■  n  i,- 

supervened,  but' such  an  occurrence  is  exceptional ;  occasionally  bi¬ 
lateral  patches  of  myxoedematous  thickening  appear  on  the  anterc- 
lateral  aspects  of  the  lower  leg,  even  while  thyrotoxicosis  is  active. 

The  thymus  shows  distinct  enlargement  in  fully  three-quarters 
of  the  cases,  this  being  due  to  general  h3rperplasia.  There  may 
also  be  some  enlargement  of  the  lymph  nodes  and  lymphoid 
follicles.  In  some  cases  hypoplasia  of  the  chromaffin  system  has 
been  found.  Some  observers  consider  that  such  changes  are  in 
proportion  to  the  severity  of  the  disease  ;  they  may  be  due  to  lowered 
adrenal  cortical  function  resulting  from  diminished  secretion  of 
A.C.T.H.  ,by  the  anterior  pituitary.  A  certain  degree  of  hypertrophy 
of  the  heart  occurs  in  most  cases  of  exophthahmc  goitre.  ^  Often  there 
is  diminution  in  the  number  of  leucocytes  per  c.mm.  in^the  blood, 
o-enerally  owing  to  a  faU  in  the  polymorpho-nuclears  with  relative 
lymphocytosis.  Occasionally,  however,  there  is  an  actual  lyiiipho- 


Fig.  626.— Thyroid  gland  in  exoph- 
thalmic  goitre,  showing  epitlieliai 
Ii3rp6rplasia  and  disappearance  of 
colloid.  X  75. 


r\lnsis,  and  lliis  somn  nbsrrvrrs  is  la'linvaa!  f.o  oiaair  in  llu'  njoro 
K(‘\' «*!'('  rasas. 

'Vho  an/tinii  of  iodino  is  of  iiviorosf.  As  is  iricMitioned  below 
(j).  1027),  a.(!iiunisl,ra4.ion  oldodinc':  prcviniis  the  hyperplastic  changes 
r(‘niovnil  of  tliyroid  i-issuca  aaid  it  has  a  sornewliat  analogous 
(dTea’f,  ill  indueinsi;  rida’ognsssion  of  i.hese  cliaiigcs  in  exophthalmic 
goitaan  ddiis  lias  txasn  dianonst.raisHl  by  Itienboll,  who  removed  por- 
ihms  of  the  disi‘a,s(‘.d  gla.nds  a,t  (fitlerent  sta,g(\s.  Ho  found  that  after 
trciatmmit  with  iodirn^  the  epitludiuni  Ixh'.ouu'm  more  cubical,  whilst 
colloid  aaaniuiulates  in  the  a.ihni.  Ixder,  a,ecmmulation  in  some  of 
them  btaaami's  (‘xs'essivi^  and  ina.y  lead  to  a,  <‘,t‘rt,a,in  arnount  of  cyst 
formation,  thi  the  basis  of  th(\s<^  Ijicts  iodim^  treahnumt  is  now  used 
n.s  a.  pn^-op<u'ativ<‘  imsa.sun^  with  bemdicia,!  nNSvdts.  It  is  clear  that  in 
sonu'  wa.v  (he  (‘pilladiid  hy pca-plasia,  in  (^xoplithalmie  goitre  is  bound 
up  with 'iodin«‘  imdabolism,  but.  th(^  relation  is  not  fully  uiKhu'stood. 
dh('s<‘  chaugiNs  may  lie  followsal  l>y  a  certahi  iiupnivemeut  in  tlie 
symplauns  whieh,  howawer,  is  not  ixuananimt. 

NA'nnin  of  'rnn  Disuasf.  Idiongh  tliere  are  many  points  still 
obseun^  in  connection  with  this  distaisis,  llwn^  schuus  Htthi  doubt  that 
most  of  th(^  symptoms  are  (lu<^  l.o  exiuvssive  production  and  absorp¬ 
tion  of  s(‘cnd'ioin  in  short.,  to  hypeuthyroidism.  Yho  contrast  to 
myxmdema.,  whi(‘li  holds  in  lu^arly  (wauy  n^spiait,  a.nd  the  nature  of 
th<'.  changi^s  in  l  lu^  gland  a.r<',  in  harmony  with  (his  view  ;  also  the 
fact  that  removal  of  the  grea-le.r  part  of  tlu^  ghind  brings  about  great 
anudiorat  ion  of  th<^  syniidonis  supjiorts  it  ;  the  exophtha-liuos,  on  the 
(•onlrary,  may  not.  b(‘  loruwed  and  may  ev<n  fie  (cxaggcwateil.  Itcgard- 
ing  (he'caiisi*  of  tlu'  chang(‘  in  tile  thyroid,  hovvevaaa  nothing  (hdinitc 
can  b(‘  said.  TUr  physiological  and  histologicai  (ha.nges  correspond 
w'iih  those  iudueed  cxpmdmenta.lly  by  administration  of  fhyrotrophic 
hormoiua  but  as  this  is  of  jindein  nat.iiri*  tiu'  (dhsd.s  a,r(^  not.  maintained 
for  loiuf  in  laderologou;-;  sp(‘ri<‘S  owing  to  (.h<^  (hwadopnamt.  of  anfihodies 
whi(di  n('u(ralis(‘  th(‘  hormoma  If  in  man  Hu^  by p(a*plasia.  of  exoph- 
(.halmlc  goi(r<‘  is  diu'  to  i^xecss  of  lliyrot-rophie.  hormone  tlu^  ovcractivc 
Ihyroiil  must,  lain'  up  and  utilis(‘  (h(‘  (cxcinss,  for  uriiuiry  thyroi.ropbiu 
is  not.  ineivascd  ;  after  partial  thyroidiMd.om y,  howeveua  it  may  apiiear 
in  iiu^  urin(‘  in  increas(‘<l  amount.  sugg<‘stiiug  that-  t.h(‘  pit.uit.ary  is  ovci- 
aetivea  Since  in  exophthalmic,  goit  in  th<‘  hwad  of  (drciilating  thyroid 
luirmoiH^  is  mmdi  raisial,  tb(‘  pituitary  appa,ivnl.ly  fahs  to  dimmish, 
its  seeiadion  of  thyrotrophiu  as  it.  norma, lly  should  in  ivsponse  to  a 
ris(^  in  cinailal ing  thyroid  hormom*  aial  this  ma.y  piwlaips  be  (lue  to 
nervous  iullumiees.  T\\i^  fa.(d,  that  (‘xophthalmie  goitre  has  followed 
sho(d<  or  fright  suggi'st.s  a  ma'vous  origin  pcadia.ps  acting  thixiugh,  tdio 
pituita.rv,  thi',  adnmals  and  tin*  synpiailud.ie.  syst.ian  also  being  possib  y 
involvcal  ;  and  Huaa^  is  a, Iso  t,lu‘  fa.id.  t.luit  tlu‘  discaisi^  is  most  common 
in  renm.l(‘H  during  tlu^  n^prodmd-iva'  p(a‘iod.  As  alnauly  indicated,  there 
is  cvid(au‘.c  (hat  it.  may  Ih^  pnaxahal  by  changes  in  other  endomne 
ghinds,  notably  in  the  thymus  ;  in  laid.,  usmilly  wlum  tluwe  is  a  sudden 


ENDOCRINE  GLANDS  1025 

onset  of  exophthalmic  goitre  there  has  been  some  pre-disposing 
constitutional  abnormality,  which  may  be  familial. 

There  are  good  groimds  for  the  behef  that  exophthalmos  is  attribut¬ 
able  to  the  direct  effects  of  th3n:otrophic  hormone  on  the  orbital  contents 
and  thus,  after  th3n:oidectomy,  exophthalmos  may  become  more  pro¬ 
nounced  as  the  reduced  volume  of  thyroid  gland  fails  to  remove  the 
circulating  thyrotrophic  hormone. 

Recently  thiouracil  and  related  compounds  have  been  largely  used 
in  the  treatment  of  hyperthyroidism  owing  to  their  action  in  preventing 
the  synthesis  of  thyroxine.  As  explained  above,  this  leads  to  farther 
hyperplasia.  The  histological  effects  of  iodine  and  of  thiouracil  on 
the  thyroid  in  Graves’  disease  are  thus  antagonistic  and  when  both 
are  administered  before  thyroidectomy  the  histological  picture  in  the 
excised  gland  is  likely  to  be  complex. 

(2)  Hyperthyroidism'  without  Exophthalmos.  It  has  been 
shown  in  recent  years,  especially  by  American  workers,  that  many 
of  the  symptoms  of  excessive  formation  of  th3rroid  secretion  may  be 
present  without  exophthalmos.  In  cases  of  this  kind  there  are  in¬ 
crease  of  the  basal  metabolism,  tachycardia,  and  also  symptoms  of 
hyperexcitability,  in  varying  degree.  The  cardio-vascular  system  is 
specially  affected,  and  structural  changes  in  the  vessels  and  heart 
muscle  may  follow,  auricular  fibrillation  being  of  common  occurrence. 
Such  sjrmptoms  are  usually  associated  with  the  presence  of  nodular 
growths  or  adenomata  in  the  th3uoid,  and,  as  a  rule,  these  are  of  the 
parenchymatous  type,  being  composed  of  small  acini  with  Ittle  colloid, 
and  masses  of  cells  with  imperfect  development  into  acini ;  occasionally 
there  is  a  more  diffuse  change.  These  adenomatous  enlargements,  ^ 
which  are  evidently  the  results  of  repeated  hyperplasia,  commonly 
exist  for  a  period  of  several  years  before  evidence. of  hyperthyroidism 
.occurs,  the  symptoms  usually  appearing  gr.adually.  The  age  incidence 
of  this  secondary  thyrotoxicosis  is  later  than  in  the  case  of  exophthaimic 
goitre,  but  it  is  uncertain  whether  the  pathological  state  represents 
merely  a  milder  degree  of  the  same  condition.  Owing  to  the  con¬ 
stitutional  symptoms  which  are  produced  by  them,  the  toxic 

nodular  goitre  has  been  apphed.  In  this  variety  of  hyperthyroidism 
the  results  obtained  by  removal  of  part  of  the  gland  have  been,  more 
successful  than  in  exophthalmic  goitre.  x4t  the  Mayo  .Olimc,  for 
instance,  repeated  resectio.ns  have  been  less  firequentiy .  cahed  for. 
The  condition  is  also  known  as  Vsecondary  th37ro  toxicosis. 

Goitre.  ^  The  term  ‘  goitre  ’  or  ‘  struma  ’  is  applied^  in  a  general 
way  to  any  chronic  enlargement  of  the  thyroid  of  non-inflammatory 
nature.  Tumour  growth  is  often  included  in  the  term,  thus  malig¬ 
nant  goitre  ’  is  spoken  of  ;  we  shall,  however,  not  consider  at  pr^nt 
the  neoplastic  enlargements.  Varieties  of  goitre  are  usually  distin¬ 
guished  as  colloid  and  parenchymatous,  there  being  in  the  former  marked 
accumulation  of  colloid  in  the  acini,  and  in  the  latter  an  mcrea^ 
formation  of  acini  with  little  colloid.  A  distinction  is  drawn  also 
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l)(iiw(^cn  a.  n>rin  wlu'.n^  l.ht'  ^^la,n(l  K<au>rally  in  involved,  and 

n  iiididar  I'onn  in  whieh  Oio  iiua-eaHO  oiaairH  in  HcaUered  rounded 
'areas  of  varying  siw.  ;  <ali»er  of  llu!SO  iypcs  may  be  (..t  tlie  colloid  or 

IKinMu^hyniaious  vari(5iy.  Goitre 
,  is  of  <u)nHno!V  <.)(.;ourron(ic  in  cer- 

tdiiii  (lisi.ri(‘i-s,  n()ia!)ly  in  the 
vaGliyyH  of  Switzerland,  the 
I'^yrcynees  a."ii('l  ihe  l:i;itn,alayas,  in 
i;)(:,vrl>yH!vi,re  in.  this  coniitry,  and 
tile  rcygiiin  of  the  Great 
I'jalo.^H  i..n.  America,  and  is  thus 
B|:,>o.ken  of  as  ende,inic  goitre  ’ ; 
it  nuiy  occyiir  also  sporadically 
in  any  locality. 

’'.Id.'iere  i.vre  in.terestiiig  varia- 
i,ions  .in  tlio  distribution  of  the  ■ 
dil!cr(,)n.t  types  of  goitre.  In  . 
inountai'i:.i.ous  regions,  c.g.  the 
Alps,  tilie  cciinmon  type  is  the 
'|:)jir!M:vi::i(‘.hy.ri::uitoi.i.H,  nsually  diffuse 
jrt  i'irst/  a,n.d.  l)e(:.yo:m.iug  nodular 
lat(a‘,  aa.id.  tlu.y  aiff<3ciyi.o:ri  appears 
(:‘.arly  i u  li 'lb.  Evidences  of 
t.hyroi<l  (k^lic^icaicy  a.nd  cretinism 
arc  not,  u.icommoin  .•HpcPdly  wl.on^  iln^  diw^swo.  ia  vc^ry  prevalent 
and  of  sevoro  (,vpi‘.  Ii'  Ann'rica,  on  I, ho  oMun'  Iiiuul,  ^oitrci  ia  in  the 
niaioritv  ''aw-a  of  Um  dilTuao  and  nodnta.r  colloi<l  tyjai  (Ibdlwig).  It 
la  inucll  coniinoiifi-  in  woinon  than  in  men,  a,nd  nanally  appears  in 
('onnec.l,ioi\  with  pulx'rty  or  pivgnn,n(\v  ;  it  may  bo  regarded  as  a 
loaa  severe  typ.e  'I'li.^  amm^  M(>ema  l,o  held  ge-neriUly  with  regard 
to  the  iliaeaae.  in  low-lying  eouni.riea.  ,  ,  ,  , 

S-ruurTuiwn  Guanuhs.  In  diffuse  colloid  goitre  the  whole  gland 
,nav  be,  albw.ted  (Fig.  or,  on  the  olFm,-  Inuul,  one  lobe  may  be 

(diielty  involved;  a.<a'eaaory  tbyroidn  a.lao  may  mulergo  colloid  en- 
largm'nent.  'fhe  gland  aubatanee  is  tonae  and  linn,  and  on  section 
in-eaimta  a,  t.ranahieent  browniali  a,pp(‘a.ra,n(a'-.  <lne  to  the  auiciimulation 
l.f  colloid,  which  in  nanally  pretty  lirni  though  aometimes  scmillmd. 
'I'hcre  ia  a  rct,ic.nlat(Ml  or  honcy<-,o.nh  strmda.re  repreaentmg  the 
Htroma,  ami  spac-es  of  eonsidenihle  ai'/i*  may  lx, 
or  brown  arcaa  dm^  to  lucmorrlmgi^  may  he  seen,  and  at  places  there 
may  he  flhroaia  with  not  infreipiently  ealmfic.ation  of  the  «^'roma. 
mimwcopic,  <‘,xn,inina,f,ion.  it  is  found  that  the  acmi  aro  of 

L  ,1 J, . .  w,U,  wl.il.t,  «,o  op.fctam 

may  he  aomewlmt  llattene.d  owing  to  the  aeeumulation  y 

Lamer  spaeos  may  he  formeil  by  the  eonduence  of  acini  In  the  par- 
onchynnit-ous  type  the  tisane  ia  lesa  homogeneous  and 
appearanee,  and  fbere  is  a,n  extensive  new  formation  of  acm 


, (',27.  Din'iuui  PGlIoid  wiMi 

(’■nliirj’.'t 'll uHi !•  < ti  t  liPi  i'.IhihI. 
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contain  little  or  no  colloid.  Tnere  is  eYidence  tnat  a  parencnymatons 
or  hyperplastic  stage  precedes  the  colloid  stage  and  it  would  appear 
that  m  the  evolution  of  goitre  these  changes  often  occur  in  different 


parts  of  the  gland  at  different 
times.  In  goitrous  districts  in 
Switzerland  it  has  been  found 
that  the  average  weight  of  the 
thyroid  at  birth  is  fuUy  double 
the  normal,  and  occasionally  a 
goitre  of  the  parenchymatous 
type  may  be  present,  the  so- 
called  congenital  goitre.'  In  the 
nodular  type  of  goitre  a  great 
variety  of  structure  may  be  met 
with.  There  may  be  only  one  or 
two  nodular  masses,  or,  on  the 
other  hand,  the  gland  may  be 
studded  with  them,  the  paren¬ 
chyma  between  becoming  atro¬ 
phied.  Here  also  both  paren¬ 
chymatous  and  coUoid  types 
are  met  with,  and  all  inter¬ 
mediate  varieties.  As  a  rule,  the 
with  distinct  functional  effects  o 
recent  observations  show  that  m 


Fig.  628.”Colloid:  goitre,  stowing 
acciioiiilatioii  of  colloid  in.  vesicles 
with,  cubical  type  of  epithelium..,. 
X  40. 

pre.sence  of  goitre  ^i.s  not  associated 
r  constitutional  symptoms,  though 
inor  evidences  of  disturbance'  are 


not  so  rare  as  was  supposed.  The  enlarged  gland  may,  however, 
bring  about  important  results  by  pressure,  especially  on  the  trachea, 
which  may  become  much  narrowed,  and  thus  even,  death  by  suffoca¬ 
tion  may  follow.  .  As,  ..  has  been '  mentioned  above,  in  the  goitre  of 
mountainous  regions  .the  thyroid  enlargement  in  children,  usually  of 
the  nodular  type,  may, be  associated  with  a  condition  of  cretinism,, 
there  ,  being  in  such,  cases  absence  or.,  deficiency  of  the  thyroid 
secretion  ,(p.  1021).  .,On  the  other  hand,  in  .America'  coffoid  ,goitre  is 
not  infrequently  associated  with  some  degree  of  thyrotoxicosis. 

Etiology.  The  causation  of  goitre  cannot  be  said  to  be  fully 
understood,  “but  recent  observations  in  America,  especially,  have 
proved  that  deficiency  of  iodine  is  .the  chief  factor  in  the  production, 
of  goitre  in  that  country.  The  work  of  Marine  and  othere  shows 
definitely  that  such  deficiency  brings  about  a  condition  of  hyper¬ 
plasia  of  the  thyroid,  and  that  this  may  be  folowed  by  an  accumula¬ 
tion  of  coUoid  as  soon  as  iodine  is  again  available  in  more  than^the 
minimum  subsistence  amount.  Excision  of  part  of  the  thyroid  in  a 
normal  animal  leads  to  hyperplasia  of  the  surviving  part,  but  if  iodine 
is  administered  at  the  same  time  such  hyperplasia  does  not  occur. 
Hyperplastic  changes  are  thus  stimulated  or  prevented  according  m 
there  is  defect  or  excess  of  iodine  in  the  food ;  accumulation  of  coloid 
may  follow  the  hyperplasia  if  the  mdine  defect  becomes  less  severe. 


um 
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rt^sultiH  liivvc  {ippliiMl  in  priiciiict^  oa  a,  stuilo  in  tlie 

(  h’(‘a.{,  LaJv(‘s,  and  Si)  lias  Ixuai  found  ihal  by  a^diniuistra- 
iion  of  sniaJ!  (juanUl-'u^s  of  iodino  to  s(*.ho()!.  ohildnai  a.  roiuarkablc 
dinnnution  in  tli(^  in(*id(aK*.(^  of  goitres  luus  Ixxai  oilbctad.  h\  other 
<iisl.rie-ts  iF(^  idfeeXs  ha,v(^.  not  IxMai  wo  wtrikin,<]j.  in  New  Zc^aFuid, 
for  exanij)l(%  ilu^  n^wults  SulV(^  Ixxai  on  i-he  wlioh^  disa,])|)oin,tiut»;.  The 
<‘})i(l(‘nuolo,i!;y  of  ii:oitr(’s  inanily  d<‘,{Kaids  ujxvn  tlu^  d(dieien(‘<y  of  iodine 
in  soil  a,nd  drinkini*;  waf(a\  'fluis  in  ,i»;oitroiiis  districts  the  diKSeaso 
aifeid-s  also  a.uiinafs  wueti  a,s  rafs,  <lo,i>;s,  slnx".!),  eii(a,  and  this  hiet  alone 
shows  tha.t  ih(W('-.  must  ix\  a.  \vid(dy  a,(!tin,i»:  e.ause.  Wluxi  the  (kdiciency 
is  i»:r('a4.  alpad-ioii  a-pja^ars  af  an  <‘arly  sta.^c^  ;  wluai  it  is  nuxlcrate 
aoitiH'^  is  not  only  l(‘ss  <'-ounuon  but/  also  a.pjx'ars  hiUx',  (xuairrinii;  esjK^ci- 
aily  in  wonnai  wluai  th(a'('.  is  a.  <lrahi  on  iJu',  iodiiu'.  supply  in  siieli 
e.ondit'ions  a.s  ])r(\ii;naju-y  a.nd  laei.afion.  In  iJn^  early  slia.<j!:(‘S  (‘.specially, 
i-reafunad.  by  iodiiu'.  is  ofi>(ai  ol\sj;r{^a.t  Ixaudii.  ;  tli(‘.  thyroid  (‘.ular^i;enient 
is  arr(‘st(xi  a.nd  ma.y  inxlm'iiio  r(‘.i.roa;i'(‘ssion. 

Whil(‘.  it  has  Ixxai  (‘sin,blish(‘d  iJx'it  <j;oit.r(‘,  is  pr(xlnc.(‘.d  by  iodine 
d(dic.i(au*v  and  <'a,n  b(>  pr(‘V(‘ni>(ul  by  a.drninisiira^tion  of  iodiiu'.,  these 
fa,e-ts  do  not  (explain  ii-s  vvhoh^  pafiiolotry.  (h)itr(‘.  may  Ix^  prevalent  in 
pla.(‘.es  whexH^  th(‘.n^  is  no  (hdic'hxuy  of  iodiiu'i  aaxl  it  is  [x.)SsU)le  that 
unsuitahle  di(‘i',  or  possibly  in(,eetiv(^  conditions  of  tlu^  bowel,  may  play 
a.  ])a.rt.  Of  this  la.ii(‘r  l.a.ctor  Mcdlarrison  luis  addu(‘.(‘.d  strong  (widence 
from  obscx’vations  in  India..  I  b'.  has  point(xl  out  tlu^  striking  variations 
in,  iu(ad(‘nc.(‘.  of  goitre  in  diirer(‘nt  distric.ts  of  the  same  ix^gion,  and 
(xmskhws  tlnit  this  is  la,rg(‘ly  dm^  l.o  baefnrial  j)ollution  of  streams, 
which  may  acd  by  adding  to  th(‘,  consumption  of  sulfdmr- containing 
substa«nc(‘s  wJiich,  int.(‘rf(x-e  with  th(‘.  synth(‘sis  ol;  thyroid  hormone, 
‘'fhe  <‘,a,pa.e.ity  of  organic;  sulphur  e.ompounds  to  inhibit  the  synthesis 
of  i(xiotyrosin(‘  has  ahxxwly  Ixhxi  r(‘lerr(‘d  to,  Uiud  a  w(dl  dcdiiuHl  (Example 
in  natnre  is  tlu;  goil.i’ogcvnic;  a.tition  of  a.  'prolongcxl  oaibbago  diet  in 
rabbits  dm;  to  tlu;  priNSc'.mx;  of  orga.nie  (yanides  and  thiocyanate  CJOm- 
poutuls.  A  liigh  (;ah‘hnu  (;ont(;nt  of  drinking  wafnr  is  also  believed 
by  various  obs('rv(;rs  to  inc.nxisc;  tin;  ineidcvncx;  of  goitre.  Sporadic 
goitre  may  rc^sult  from  d<di(a<xit  absorption  of  iodine  oi*  from  deviation 
in  the  Ixxly,  but  (widtaux;  is  wanthig.  In  view  of  what  lias  boon  cstab- 
lisluxl,  liowcvver,  il>  is  el(;ar  that  iodim;  lank  is  the  all  “important  causal 
factor  in  goitre,  oithix*  iiy  nxtson  of  d(di(;i(xit  intake  or  of  inhibition  of 
utilisation. 

Inflammatory' Changes 

The  thyroid  gland  is  (uimparatividy  rarely  the  seat  of  bacterial 
invasion  with  resulting  inflammation.  Acnite  tliyroiditis  is  occasion¬ 
ally  met  with  in  acute  specilicj  fevers,  influenza,  rheumatism,  typhoid, 
etc,,  and  more  frocpiontiy  in  women  than  in  men.  There  are  said  to 
be  epithelial  proliferation  and  doHcpiamative  catarrh  of  the  acini  with 
increased  fluidity  of  the  colloid.  Also  a  varying  amount  of  interstitial 
infiltration  by  leucocytes  occurs.  Occasionally  fibrosis  may  follow, 
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and  it  is  possible  that  fibrotic  atrophy  with  myxoedema  may  some¬ 
times  be  the  result.  Some  observers  consider  that  hyperthyroidism 
and  even  exophthalmic  goitre  may  be  started  by  such  acute  lesions. 
Sometimes  infection  with  pyococci  occurs  and  multiple  minute 
abscesses  are  produced  in  the  gland ;  they  are  met  with  in  pysemie 
conditions,  puerperal  infection,  etc.  Occasionally  an  abscess  of  con¬ 
siderable  size  may  arise  in  this  way. 

Tuberculosis  of  the  thyroid  is  comparatively  uncommon.  Miliary 
tubercles  may  be  present  in  cases  of  acute  general  tuberculosis,  and 
occasionally  chronic  lesions  are  met  with.  The  latter  may  be  due  to 
infection  by  the  blood  stream  or  to  spread  from  adjacent  lymph 
nodes  ;  considerable  enlargement  of  the  thyroid  with  caseation  has 
sometimes  been  observed,  a  condition  of  tuberculous  struma.  Syphilitic 
lesions  have  been  described,  but  they  are  all  very  rare.  They  are  of 
the  usual  types,  gummata  and  diffuse  fibrosis,  and  have  been  met 
with  both  in  the  congenital  and  acquired  forms  of  the  disease,  more 
frequently  in  the  former. 

The  two  following  conditions  are  usually  described  as  examples 
of  thyroiditis,  but  their  true  pathology  is  doubtful.  They  may, 
however,  be  conveniently  considered  here. 

Riedel’s  Disease  and  HasMmoto’s  Disease.  In  1896  Biedel 
described  a  type  of  thyroid  enlargement  or  struma  which  was  char¬ 
acterised  by  extreme  hardness  and  smooth  surface  and  by  the  extension 
of  fibrotic  changes  to  adjacent  structures.  Cases  supposed  to  be  of 
similar  nature  were  reported  by  other  writers  but  many  of  these 
showed  a  more  cellular  stroma  in  which  the  formation  of  lymph 
follicular  tissue  was  a  prominent  feature.  Hashimoto  iu  1912  des¬ 
cribed  the  features  of  several  such  cases,  a:nd  considered  that  the 
condition  was  different  from  that  described  by  Riedel  ;  he  appMed 
the  name  struma  lyynphomatosa.  It  has  also  been  called  Ijmiph- 
adenoid  goitre  ’  (Pearse  and  Williamson)., ,  There  is  no  doubt  that  the 
■term  RiedeFs  disease  has  been  used  in  too  comprehensive  a  way  and 
that  most  cases  correspond  with  Hashimoto's  description.  The 
following  are  the  chief  features  of  the  two  types  of  chsease. 

^  In  RiedeFs  struma  or  thyroiditis,  the  characteristic  features  are 
the  hardness  of  the  gland,  exceeding  that  of  a  sciiThous  cancer,  and 
the  implication  of  adjacent  structures  in  dense  fibrous  tissue.  The 
latter  makes  the  removal  of  the  gland  very  difficult  and  an  importent 
point  is  that  after  removal  the  fibrosis  continues  to  spread.  The 
condition  often  gives  rise  to  serious  pressure  effects.  The  enia^ement, 
which  is  not  so  great  as  in  the  lymphomatous  type,  may  affect  the 
whole  gland  but  not  infrequently  it  affects  mainly  one  lobe  or  may  be 

partial.  The  surface  is  smooth.  On  microscopic  exammation  the 
essential  change  is  connective  tissue  overgrowth,  varying  from^  different 
decrees  of  cehularity  to  dense  stroma  formation.  The  acini 
.  a  progressive  atrophic  change  and  many  disappear  m  considerable 
areas.  Foreign  body  giant-cells  may  be  present,  apparently  m  relation 
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to  a.tro|)hi('.  roinaJiis.  Tho  t.o!*in  ,s/.f y/./)'ro,sYr.  rnio;bt  1)0  a  suii.aLle 
iiaaio.  A  noteworthy  ti^alairi".  h  tha4:.  t.horo  m  lithk^.  or  no  ovi<l(au‘,e  of 
tJiyroi<l  Iiiy|H>ru!ietion  and  inyxoaleina.  doca  not-  su|)(a'vono,  unless 
a-fi-ca'  HVirg’ie.a.l  reun.) va,l. 

ill  the  llashitnol.o  tyjx^  \hr  <aila.i\i»ein(adi  is  ,<»;roaf(‘.r  a,nd  of  uniforiu 
natun^  ;  and  the.  t'onsist.iaiet^  ol'  trlu'  ,<j;la.nd  is  souKavlud.  tirnua*  tlian 
normal.  Th<^  (aipsult^  is  thic^kt^iKMl  l)ut  Idavri^  is  no  |)(viyi^landiilar 
iibrosis  with  im plicatjon  oC  a,dja.(umt.  st.ru(‘-liun‘S,  Th(^  .i»iand  appears 
devoid  of.’  eolloid,  is  (d' v<‘llowish-wlnte  (‘.olour  aod  tirin  Ih^shy  (‘.onsist- 
(aau^  hut.  Ia.t;ks  the.  stlOnydla!’dn(^ss  of  ItitHhd’s  strunia..  It  is  divided 
into  iia*(v<i:ular  ar<‘as  I>y  tibrous  traibcHmhe.  so  t.hat.  th(‘.  nake(h(‘y(^  a.ppear- 


Viu.  020.  aniyreid  in  alnmui  lymphoma, (.<)na,  (I  laalumoto),  shovvinpf  oxioimivo 
iniill-rai.ioii  of  lymphorylnn  n.iid  r(d,r(ae'<'Hsiv<^  m  a,c.mi. 

Note  <Ta(.n^  la  lowor  i>nr{,  ol’  llOd.  X  100, 

an(‘e.  Ies^anbl^^s  pa.rolhl  or  paoe.nais.  11ns  stromal  hbrosis  was 
emp}ia,Hiz<dl  by  llashimoto  as  a,n  ('sscaithd  feature  and  it  is  still  an 
opim  (|U(ssi.ion  vvluddua*  (‘.xa,nipl(\s  of,  (‘xtmisive.  lyinplioicl  infiltration 
without  hbrosis  an^  to  ta^^a-rdiul  nuaady  a-s  an  a/nti(UHMlcnt  condition 
or  as  a  si^-parate,  vaihd.y  ot  lynifiha.dtMioid  goitn^  (>n  microscopic 
e. Kami  nation  there  is  found  an  (^xtensivi^.  ami  otten  dillnso  infiltration 
of  lyinphoeytes  between  tiie  aruui,  a.nd  in  these  a,nais  lymph  follicles 
witii  gman  (amt-rtss  are  often  a  proiniucni/  foatui’e.  the  adni  arc  in 
varying  st.ates  (Fig.  029).  In  ma.ny,  (‘olloid  is  still  present  but  in 
diminished  a, mount,  a,nd  it  may  show  vaaiaiions  in  si.aining.  In  otliop 
tho  opitholiiim  may  have  a  }iypert,r()j)hi(‘.  a.p|)oa.ranco  or  may  be  in 
various  siiages  of  alrophy,  or  again,  may  form  syncytial  masses.  In 
advanced,  cases  tho  acini  may  lia.vo  disa,ppoarod  in 
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stage  of  the  disease  there  may  be  some  hyperfunction  in  the  form  of 
increased  basal  metabolism,  but  later  some  degree  of  hypofunction 
appears  and  this  ultimately  may  be  followed  by  mild  myscedema. 

As  to  the  relation  of  the  two  affections,  it  is  improbable  that  they 
represent  stages  of  the  same  affection.  In  addition  to  describing  the 
differences  mentioned  above,  JoU  has  pointed  out  that  the^^  differ  also 
in  their  incidence.  The  Riedel  t}^e  is  met  mth  at  an  earlier  period 
of  life  than  the  Hashimoto  type,  and  is  commoner  in  males  than  females, 
whereas  the  latter  type  is  commoner  in  the  female  sex,  and  it  would 
appear  that  cases  of  the  Riedel  type  are  usually  fibrous  from  the  begin¬ 
ning.,  Unless  it  can  be  definitely  shown  that  the  Ijunphomatous  change 
is  foEowed  by  dense  fibrosis,  it  is  better  to  regard  them  as  separate.  . 
It  may  be  added  that  the  Hashimoto  struma  is  eminently  sens.itive  to 
irradiation  and  has  been  treated  by  it  with  success  ;  further,  unlke 
the  Riedel  struma,  its. surgical, removal  is  not  attended  with  difficulty. 

Nothing  is  known,  with  regard  to  the  etiology  of  either  condition. 
The  dense  fibrous  tissue  formation  in  RiedeFs  struma  with  marked  im¬ 
plication  of  adjacent  structures  presents  almost  a  unique  pathological 
change,  though  Pick’s  disease  'presents  simEarity  in  some  respects. 
We  may  caU  it  a  chronic  fihrotic  inflammation,  though  that  is  Mttle 
informative-  ^  As  to-  the  Hashimoto  or.  lymphadenoid  type,  in  view 
of  other  conditions  in  which  lymphocytic  infiltration  occurs  in  the 
thyroid  it  appears  not  unlikely  that  the  state  of  the  interstitial  tissue 
represents  a  condition  secondary  to  some  abnormal  or  dyserasic  state 
of  metaboMsm  in'  the  glandular  tissue.  'As  to  the  nature  or  causation 
of  this,  however,  it  is  not  possible  to  say  anything. 

Degenerative  Changes  ■ 

Apart  from  the  gross  lesions  already  described,  degenerations  are 
comparatively  ■  rare,  and  of  Ettle  importance.  Evidences  of  damage 
produced  by'  toxins  are  found  in  .infections,  as  has  already  been  de¬ 
scribed  in  connection  with  the  inflammatory  changes  ;  and  actual 
necrosis  of  the  epithehnm  has  been  met  with.  Amyloid  degeneration 
sometimes  occurs  as  part  of  a  general  condition,  and  is  usually  slight 
in  degree.  OecasionaEy,  however,  it  is  well  marked,  and  this  has 
been  found  to  he  the  case  especially  in  thyroids  already  the  seat  of 
goitre  or  adenomatous  swellings.  Hyaline  change,  calcification,  etc., 
are  often  present  in  the  stroma  of  chronic  goitres. 


Tiim.oiirs, 

SiTTiplc  tuTH/OUTS  such  as  fibromata  and  osteo-chondromata  are 
occasionaEy  met  with,  but  are  rare.  Adenomata,  on  the  other  hand, 
are  comparatively  common.  The  occurrence  of  glandular  nodules 
in  goitres  has  already  been  mentioned,  and  closely  simEar  masses  are 
not  seldom  observed  in  otherwise  normal  thyroids.  La  fact,  it  is  not 
possible  to  draw  a  line  between  circumscribed  hyperplasias  and  true 


:iu:i2 
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tumoiira.  AdononutXa  Homed, inioH  Kolitary,  but  are  usually  mul¬ 

tiple,  and  they  (ercHent  various  typeis  of  st.rueture  corresponding  with 
Ht,ages  in  thee' developnuMit  of  thee  ae.ini  (Fig.  «3()).  Some  of  them 
are  coinpose'd  of  h(, rands  and  e.ylinders  of  cells  with  imperfect 

forniatiori  of  acini  and  little 


{'"'ui.  Ad^'uonin  of  (.hyroid,  show 

iog  ('WO  l.ypos  oi  f^rowlili  n.o.inous 
(,yp<^  on  hdt-  sifhi  of  (>oi<l  anil  morn 
solid  i'Vpo  of  ***' 

X  HO.  ' 


(‘.olloid  ;  they  ar<^  Hoinctiinca  called 
‘  fndxd  adenomata,’  but  there 
d()('s  not  to  be  Huflujicnt 

<nd(hoic(‘.  tliat  they  are  always  due 
to  fOTors  in  development.  In 
ot'luu's,  iilu‘'  ax'.ini  are  well  formed 
but  snudl  and  contain  little 
colloid,  whilst  in  others  again, 
(.lu're  may  be  considerable 
acamnudation.  Occasionally  a 
papilliform  type  of  growth  is  met 
with  in  adenoma-ta',  and  some- 
iinu's  cystic  change  occurs.  As 
a'lrc'iU'dy  inontioruMl,  adenomata, 
esp<Mua.lly  of  the  more  (‘ollular  type, 
a'PCs  souud'iuu'sS  assoeiaded  with 
symptoms  of  hypiwthyroidism. 
Afhauunadous  nodidf^s  an')  not  in- 
rnupaadily  lollowcd  by  malignant 


chiuig((  in  Urn  hifcr  ycivr.H  of  lib'.  Ademoma,  of  panU.hyroid  origin  is 
occaHiomdly  observed  in  1,1m  HuhsiamH^  of  t,lm  fhyroid  (p.  1015).  In 
'conn('.et,ion'  wilh  ihiH  Hul)j(!el;  it  is  1,0  ho  borne,  in  mind  that  the 
oce.urrone.o  of  ala'.rrant  [»ori,ionH  of  (,liyroid  l,iaHn(’!  itt  not  uneommon. 
Those  may  b(i  in  various  ])oHitionH  in  tlm  nock,  o.g.  at  tbo  base  of 
tho  Umgih  a,nd  also  at  a  lower  le,v<d,  for  (example,  behind  the 
Htornum  ;  and  the.y  may  lawonm  tln^  sea,t  of  tumour  growth  or  of 


goitrous  cnlargcnusut.  , 

Of  tho  maliijTumt  growths,  e.are.inoma  m  by  far  tho  coniraonebt 
varioty.  Tho  growth  often  remains  eircinmscribod  for  a  con.sidorable 
time  ft  thou  infiltratos  ami  breaks  through  tho  oapsulo  of  tho  gland  and 
spreadH  to  the  surrounding  tissues,  ofbm  invading  the  wall  ot  the 
trachea  ;  nnd.astasos  by  tho  bloodstre.-im  may  occur  at  an  early  stage. 
There  is  a  clear  relationship  hotwiam  the  origin  of_  (iaremoma  and 
some  previously  existing  abnormality  of  tho  thyroid.  In  districts 
wlioro  goitre  is  endeude,  notubly  iu  Switzerland,  tho  iucu  bnee  o 
cancer  is  nmch  higlne-  than  in  non-goitrons  regions.  Exophthalmic 
goitre,  however,  dees  not  loml  to  ho  followed  by  malignant  disease. 
Apart  from  goitre,  (iarcinoma  develops  mo.Hf.  iVcipmutly  in  connection 
with  an  adenoma,  and  in  many  ea,Hes  tlm  malignant  growth  has  the 
struetiire  of  an  adenoeareiuoma,  in  which  tlmro  may  he  distinct  forma¬ 
tion  of  colloid  material  l>y  tlm  cells  ;  a  papillary  form  .f. f  ^ 

sometimes  present.  In  ca.scs  of  adenomata  of  the  thyroid  it  is  often 
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very  difficult  to  decide  wlietiier  or  not  carcinomatous  cliaiige  lia« 
begun,  but  the  occurrence  of  areas  of  papillary  groi^dh  is  always  to 
be  regarded  as  suspicious  of  malignancy,  althougli  this  is  often  of  a 
rather  low  grade.  Inwasion  of  the  blood  vessels  by  tumour  cells  is 
sometimes  the  principal  feature  that  indicates  malignancy.  In  other 
forms,  again,  the  growth  is  of  a  more  irregular  type,  and  all  transitions 
to  solid  alveolar  carcinoma  occm*.  Secondary  growths  of  both  types 
of  cancer  commonly  occur  m  the  bones,  and  may  be  in  large  numbers. 
Here  also  formation  of  colloid  may  take  place.  The  metastases,  as  a 
rule,  give  rise  to  destructive  changes  rather  than  sclerosis.  Occasion¬ 
ally  squamous  epithehoma  may  be  met  with  in  the  thyroid,  and  it  may 
possibly  arise  from  the  epithelium  of  the  thyro-glossal  duct.  The 
combination  of  sarcomatous  growth  with  carcinoma  has  been  described 
in  a  number  of  cases,  and  we  have  seen  an  example  where  the 
apparently  sarcomatous  portion  was  very  voluminous. 

Sarcomata  of  various  types — round-cell,  spindle-celi  and  mixed- 
cell— -are  met  with,  but  they  are  relatively  rare,  and  many  so  described 
are  probably  anaplastic  cancers.  Analysis  of  our  own  cases  of 
malignant  disease  of  the  thyroid  over  the  last  25  years  has  shown  a 
surprisingly  high  proportion  of  aberrant  anaplastic  .growths  (72  per 
cent.). 

Thyro-glossal  Cysts.  Tlie  isthrntis  of  tli©  thyroid  is  formed  by  down- 
growth  of  a  tube  of  ©pithenum  from  the  base  of  the  tongue  (foramen  caecnm). 
The  upper  portion  of  this  tube  above  the  hyoid  bone  is  lined  by  squamous  epi¬ 
thelium.  If  this  persists  and  if  the  buccal  end  is  obstructed  it  may  give  rise 
to  a  ‘  lingual  dermoid.’  The  lower  part  of  the  duct  below  the  hyoid  bone  is 
lined  by  columnar  ciliated  epithelium.  Thyro-glossal  cysts  may  take  origin 
from  this  part  when  it  does  not  undergo  involution.  Such  a  cyst  may  rup¬ 
ture  on  the  skin  surface,  forming  a  median  cervical  fistula.  In  the  walls  of 
these  cysts  portions  of  thyroid  tissue  are  sometimes  found. 


THE  PANCEEAS 

The  lesions  of  the  pancreas  as  a  digestive  gland  have  already  been 
described  (p.  685),  and  we  have  to  consider  here  only  its  funetion^as 
an  organ  with  mtemal  secretion.  •  This  function  is  concerned  with 
carbohydrate  metabohsm  and  the  hormone  formed  by  the  pancreas 
is  essential  for  the  utilisation  of  sugar  ; '  when  it  is  absent  .or  marke^y 
deficient,  diabetes  results.  It  was  establshed  by  the  work  of  Banting 
■  and  Best  that  the  anti-diabetic  hormone  is  formed  m  the  islets  of 
Langerhans ;  it  is  accordingly  now  known  as  imulin.  We  shall  hi 
the  first  place  give  an  account  of  the  main  features  of  diabetes  and 
then  discuss  its  relationship  to  the  pancreas  ;  we  shall  aft-erwards  refer 

to  other  conditions  where  glycosuria  is  present, 

'  .'Diabetes  Meliitus,  In  diabetes  there  is  a  failure  in  varyh^ 
detu:ee  to  store  and  metabolise  glucose,  with  consequent  hyperglycemia 
and  glycosuria.  The  failure  to  store  sugar  in  diabetes  is  shown  by 

.  .L.n’*'.  ■ 


l():!l  Tl'TXT-BOOK  OF  PATHOLOGy 

(,ii(5  (liiuinul-idii  dl't.lui  •■uiuuml.  (iC  slycogi'ii  in  Uin  liv(M-  a.iul  innMnl(«  iuul 
Old  iiiiiiiilil'y  P>  mc(.;iholisc  siigai-  in  hIiovvii  l>y  its  iiic.r<^M.s(5  in  l.lic,  blood 
and  i|.H(li.sc'harg('  IVom  Hit'  body.  Norniidly,  Uu'  blood  coni, a.ins  glue, oso 
in  till'  pro  port, ion  o!’ a.boid,  (»-l'  per  (and,.,  I.liiw  liguri^  riaing  a,a(>r  inges¬ 
tion  of  c.nrboliydnirt'.s.  If  amonnl,  rises  (,o  a, boat,  (bbS  per  eeut. 
glucose  is  exiu'eted  by  I, be  kidiu'vs  in  siu^h  a,n  a,monid,  a,s  to  be  doteet- 
a,bk'  by  Fc'bling’s  solution  or  o(,ber  <lieiniea,l  t(^st.  In  human  dialxdes 
ther<^  is  a,lwa,ys  hy|)erglye,iemia.,  tlu^  glue.ose  sometimes  rea.ePing  ()-4 
pel-  cent,  or  niore.  'and  tlu‘  glycosuria,  is  nu'ia-ly  a  si'condary  result.  In 
the  condition  of  i)h1orid'/,in  < lia.betes,  produced  experimentally  by 
a.dministra.tion  of"*the  gliK-osicU-  pblorid/.in,  on  tlu^  eontra,ry,  tlie 
glycosuria,  is  due  torn,  lowering  of  th<«  kidmyv  thieshold  for  sugar 
ovving  to  poisoning  of  tlu^  phosphorylating  (-nzy  me  by  means  of  which 
the.glueosi'  of  the  glom(>rnla,r  liltra,l,e  is  reabsorbi'd  in  the  tubules; 
tihe  amount  ot  Knga,r  in  t,lu‘  blood  thus  kills  Ixtow  noinuil  (p.  10^17). 

In  diabeU'S  there  is  much,  thirst  and  tlu'  patient  driidvs  an  I'.xcc^ssivo 
amount  of  Huid.  'Phis  is  dtu',  to  the  polyuria,  which  in  turn  results 
from  inl,erferene(5  with  l,h(^  rea,bsorption  of  wa,t(T  in  the.  rmial  tubules 
owing  to  the  glucosi-  [iresent  ;  a-c.coi’dingly  1,1m  uriiu-  is  [uile  and  ol 
high  specilie  gravity.  In  severe  ca.ses  of  dia,betes,  owing  to  the.  ra,ilurc 
Urutilisi- glucose,  |.'roteinsa.nd  hits  are  meta,bolised  in  inereascsl  amount 
and  the  glucose  (h-rivetl  IVom  the  former  is  (^xen'ted  in  the  urimv  Ifluis, 
when  earbohydra.tes  a, re  excluded  from  tlu'  diet  there  imiy  be  still  in 
the  urine  a.  consiih-rahle  aniount  ol  sugar  derivc'd  from  prok'ius,  and 
1,h<‘.  r<‘la,tionsbi p  Ix-twis-n  the  a, mounts  ol  glucose  a,nd  ol  nitiogeil 
excreted  may  correspond  to  that  in  pure  protein  nu'ta, holism.  Further, 
as  eiuu-gy  has  to  be  derived  chii'lly  from  the  oxidation  of  proteins  and 
fats,  tluux^  is  a  marked  fn,ll  in  tln^  n^spiratory  ipiotient ;  that  is,  there 
is  a  fall  in  the  amount  of  oxygen  discharged  in  the  lonti  of  carbon 
ilioxide  relative  to  the  amount  of  oxygen  absorbed  by  tho  lungs, 
d'he  ri'spiratory  <piutient  (G(),/(),,)  for  pure  carbohydrate  metabolism 
is,  of  course,  unity,  Imt  in  diabetes  it  may  fall  to  O-H  or  even  a 
lo'wor  figure.  Owing  to  the  inerea,sed  metabolism  of  jirotoms  and 
fats  for  the  supply  of  e.nergy,  and  a, Iso  as  a  r('snll,  of  the  fact  that  fat 
is  no  longer  formed  from  ea.rbobydra,tes,  marked  emaciation  occurs. 
The  abnormal  met,a,bolism  neeessa,rily  leads  also  l,o  museular  weakness. 

In  cases  of  di!ibel,es,  flmre  is  often  an  increase  of  fat  and  lipoulal 
Hubsl,u,uees  in  tho  blood.  Oeciisiomilly  this  is  so  marked  that  tho 
blood  serum  has  a,  turbid  appearaime,  a.nd  when  (,1m  blood  is  allowed 
to  stand,  a  white  lilm  composed  of  fatty  globules  gathers  on  the  suHaeo. 
Tlio  cholesterol  (s)nl,ent  of  l,ho  blood  is  usmilly  ineroased,  aiid  not 
infroinumtly  tboro  is  a  doposit  of  eholoH(,erol  esters  in  tlio  skin,  resulting 
in  yellow  iiatc.hes  of  xanthelasma  (p.  MA).  Aecnmukition  of  lipoi  s 
may  ocenr  in  tho  ret,ieular  and  eudotlmluil  cells  of  tho  spleen,  and 
occasionally  l.bis  is  so  groat  as  to  lead  i,o  marked  onlargomont  ot  tho 
organ.  A'pronounee.d  fat,ty  change  in  the  kidneys  is  fairly  common, 
and  this  m  frcMi[aenily  a.c*,c()nipani(5(i  by  of  glycogen, 
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especially  in  Henle’s  tubules  (p.  172).  Both  of  these  changes  probably 
represent  a  reabsorption  from  the  glomerular  filtrate. 

An  important  phenomenon  in  uncontrolled  diabetes  is  the  appear¬ 
ance  of  acetone  bodies  in  the  urine  {hetomiria),  these  eomprising  acetone, 
diacetic  acid,  and  /?-oxybutyric  acid.  The  last,  which  is  the  least  highly  ' 
oxidised  member  of  the  series,  is  the  substance  which  becomes  most 
abundant  in  severe  cases  of  the  disease,  and  hence  the  amount  in 
which  it  occurs  is  of  special  importance.  Thus  the  amount  of  oxy- 
butyric  acid  in  the  urine  may  reach  50  g.  per  day  or  more,  whilst 
the  amount  of  diacetic  acid  and  acetone  together  rarely  exceeds 
5  g.  The  utilisation  of  carbohydrates  by  .the  tissues  has'  been 
thought  essential  to  the  proper  oxidation  of  fats,  and  in  tlie  absence 
of  the  former,  the  acetone  bodies  are  formed  as  the  result  of  the 
imperfect  oxidation  of  the  higher  fatty  acids.  This  is  now  beheved 
to  be  due  to  the  wastage  of  carbohydrate  and  consequent  increased 
metabolism  of  fat.  Above  a  certain  level  this  becomes  inefficient  and 
incomplete  with  resultant  accumulation  of  ketone  bodies  in  the 
plasma  and  hence  in  the  urine  ;  in  severe  ketosis  excretion  in  the 
expired  air  imparts  a  sweetish  odour  to  the  breath.  This  occurs,  for 
example,  in  starvation,  or  when  carbohydrates  are  excluded  from  the 
food  ;  whilst  in  diabetes  mability  of  the  tissues  to  utilise  glucose  leads 
to  the  same  result.  The  amount  of  the  acetone  bodies  in  the  urine 
thus  supplies  an  index  of  the  degree  of  failure  in  this  power,  and  an 
abundance  is  of  grave  omen. 

The  addition  to  the  blood  of  diacetic  and  oxybutyric  acids  pro¬ 
duces  a  state  of  acidosis.  The  term  does  not  mean  that  there  is 
a  marked  change  in  the. hydrogen-ion  concentration  of  the  blood,  but 
simply  that  acids  are  constantly  being  added  to  it,  and  alkalis 
constantly  required,  for  their  neutralisation.  This  is  at  first 
effected  by  the  fixed  alkalis,  but  in  order  that  these  may  not 
be  completely  used  up,  there  is  an  increased  diversion  of  ammonia 
from  the  normal  formation  of  urea  from  protein,  and  the  ammonia 
is  used  for  neutralising  the  acids.  Along  with  the  acidosis  in  diabetes, 
there  is  thus  an  increased  amount  of  ammonia  nitrogen  in  the  urine. 
As  has  been  already  indicated,  there  are  different  degrees  in  the  dis¬ 
turbance  of  carbohydrate  metabolism,  and  many  diabetics  can  utilise 
sugar  to  a  varying  extent.  In  such  cases,  if  the  patients  are  put  on 
a  strict  diabetic  diet,  i.e.  a  diet  as  far  as  possible' free  from  carbo¬ 
hydrates,  a  still  greater  proportion  of  '  fats  is  incompletely  oxidised, 
acidosis  is  increased  and  harm  results.  The  practical  importance  of 
adjusting  the  diet  to  the  power  of  utilising  carbohydrates  is  thus 
appafent. 

In  a  large  number  of  cases  of  diabetes  death  occurs  from  coma, 
which  is  in  some  way  the  result  of  the  acidosis.  The  onset  is  usually 
indicated  by  air  hunger  and  deep  respiration.  The  venous  blood  is 
redder  than  the  normal,  and  contains  a  diminished  amount  of  carbon 
dioxide  owing  to  loss  of  fixed  base.  These  changes  are  due  to  the 
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fact,  l.lialr  wliiPl  tihc  Hoiliuru  ia  wpa.nal  i.o  a.  ('.oiiHidia’aihK'  (>xt,(>.nt.  l>y  tlio 
,i,',via,t,i()ii  of  a,.nn)onia„  a,H  (‘X(»la,iiK'(l  a, hove,  it,  nll,i.na,l,(dy  l)(^(a)ln('K 
(liniitiislu'd  ill  amount,  Ixmauai'  t,lm  aodimii  is  diviTtrd  t.o  lumta-alisiiig 
tlm  iuiids  in  ilio  blood,  and  iliiis  |,lu-  (lO.j  c.ombinin.u;  powm-  is  lowcrwl 
and'trlii-  convi'otkm  of  f,a.i'!)oni(^  acid  as  sodium  bicarbonate  from  the 
tissues  1,0  tbe  lunos  is  intm-fered  with.  1’hc  loss  of  .sodium  leads  to  ' 
(-xcret.ion  of  (diloride  a, ml  thus  tlii're  results  see.ondary  dehydration 
with  a,  fa, II  in  the  blood  voluiiu'  a, ml  h;eim>eoncentra,tioii.  Along 
with  t'his,  i>hos|»ha.l,es  a, ml  iio(,a..s.sium  a.ri'  excre(,ed  in.  excess  a,nd  this 
may  bring  aboui.  a,  serious  loss  of  mnscula,r  power.  ^  'fhe  resiuratory 
c.eiitre  and  t,issues  generally  suHer  Iroin  a,  degree  ol  asphyxia.  Ibis 
is  proha, hly  not  i,he  whole  expla,iiat,ion  of  dia,betie  coma,,  but  it  is 
inereasiiigly  recognised  tha,t,  dehydration  a, ml  distuH)a,nc.e  of  the 
intra.c.elluhu'  (d('ct.i'olyt,e  bahuiee  a,ro  of  the  highest  signi(ica.nc(>.  ,lt 
is  proba,l)l('  t,ha,t  t,he  condition  of  ketosis  leails  to  a,ct,ua,l  da.nia,ge  to 

the  nerve  ix-lls.  _  , 

Anot,her  iniport.a,nt,  cluinge  in  dia.betes  is  a  greatly  increased  su8- 
ceptibility  to  bacteria,!  infections,  flrina.ry  tra.ct  infeiPions,  l.oils  and 
carbuncles  a.re  of  freiimmt  occnrreiK'.e  a, ml  tend  to  preeipita,te  coma. 
()cca,siona.lly  t,h('n'  follows  a.  blood  inf(>ct,ion  with  secondary  abscesses 
in  interna.l  orga,ns.  l)ia,bet,ics  not  infre<immtl.v  become  inlccbcd  with 
tubm-chn  especially  of  the  lungs,  a, ml  tlu^  disiNisc'  is  a))!,  to  run.  a  rapid 
coursm  .'Vga,in,  in(la.mmn.t.ory  <sindil,ions  ma,y  iissunu'  a  speiually 
si'vere  type  ;  for  examiile.  pneumonia  may  be  followed^  by  gangreno 
of  tlu^  iung^  Periphcra.1  mmril,is  is  another  c.otnplicatioii  met  with 
and  trophic  distil rba,nees.  such  a.s  pi-rforating  ulcer  of  thii  foot,  may 
result.  Marked  a,theronia,,  a,ppa,r('ntly  rela.ted  to  high  choh'storol 
content  of  the  blood,  is  olten  present  and  arterial  thromliosis  is  apt 
to  ri'sult.  Thus  gangrene,  of  iiart  of  a  limb  is  oiu'  ot  the  recognised 
complications  of  diabetes  d).  liU);  coronary  artery  thrombosis  is 
anotlu^r, 

Clucose  'I’okwancc  'lV.s(s.  int.m.lucl.ion  of  a  clinical  tael, hod  tor 

oKtiinatiuir  the  mn.mnt,  of  HUgar  in  Ihn  I.U.od  has  been  Urn  mnatm  ol  showing  tho 
doticieucy  Iir  railurn  in  the  |.nwer  to  asHiinilato  or  storo  sugar  ;  it  has 
a  valuahln  method  of  diagnosis  in  ilonhtCnl  cases  and  n(  ^ 

When  an  ninount  of  glucose,  say  r.O  gnmimes.  ,s  given  to  a  \  ^ 

or  livo  hours  after  a  mcd.  there  soon  occurs  a  distinct 

itmiviiiiuni  of  about  b-lf)  nor  biaop:  roaiolKal  la  half  an,  ,hou,r  Hlior  y 

thereafter.  A  emnparatively  rapid  fall  then  neeurs  anil  the 

a  nnrmii.1  level  again  in  about  an  hour,  or  at  any  rate  ■  ilmi 

'.riio  rapid  I'all  is  aptiareut.ly  the  reHult  ol  the  storage  meihai  s  ^ 
probably  also  in  the  museles  coming  into  active  o,iern,tioii,  as  (1  ^ 

of  the  fall,  sugar  is  still  lii'ing  ahsorhed  Intm  the  intestine.  .  '  , 

if  the  blond  sugar  of  a  diahotie  patient  hn  brought  down  to  •  le  owe  - 
GO  graiames  of  glue.oso  ho  wlministored.  the  c.urve  o  '^*'.>’''*'''1'' 
a  dilToront  eharaeter.  It  rises  rapidly  ns  holore  (*  --’‘V.: 

alworption  of  sugar  Irom  the  howni  in  diabetes),  and  i.oti  ,i  i  ^  gradual 

or  four  hours,  though  the  eiirvo  becomes  less  stoop,  and  '  doloiency 

Ml  which  may  go  on  for  some  hours.  .Ilus  slwws  ^  ^  j 

in  tho  normal  mochauism  of  storage  of  sugar,  which  dohcioncy  is  ono 
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characteristics  of  diabetes.-  When  the  blood  sugar  rises  above  0*18  per  cent, 
or  thereabout,  glycosuria  occurs,  but  in  some  cases  the  renal  threshold  is  raised 
and  glycosuria  does  not  occur  until  the  blood  sugar  is  substantially  above  the 
level  at  which  spill  over  into  the  urine  normally  occurs.  The  cMnical  estimation 
of  the  blood  sugar  is  of  great  service  in  eases  of  slight  or  transient  glycosuria, 
and  it  may  be  said  that  whenever  the  normal  rise  is  followed  by  the  normal 
fall,  there  is  no  fault  in  the  storage  mechanism  and  no  diabetes.  In  some  such 
cases,  the  glycosuria  is  simply  due  to  the  kidney  threshold  value  being  lower 
than  normal,  e.g.  about  0-13  per  cent.,  so  that  when  glucose  or  much  carbohydrate 
is  administered  and  the  blood  sugar  rises  above  this  level,  glucose  is  excreted 
by  the  kidneys.  Such  a  condition  is  usually  known  as  renal  glycosuria.  Patients 
with  this  abnormal  threshold  value  may  have  a  quite  normal  storage  capacity, 
and  little  harm  is  done  by  the  small  loss  of  sugar  due  to  what  may  he  called  a 
simple  overflow.  In  the  experimentally  produced  phloridzin  diabetes,  owing  to 
the  action  of  the  drug  on  the  kidneys,  glycosuria  occurs  throughout  the  normal 
rang©  of  blood  sugar  and  continues  till  the  amount  may  fall  even  below  0-1  per 
cent. ;  the  sugar  thus  drains  away.  If  this  form  of  glycosuria  be  produced  in 
a  starving  animal,  tbe  available  carbohydrate  soon  becomes  used  up  and^then 
there  is  an  increased  metabolism  of  protein  for  the  supply  of  energy  as  in  ordinary 
diabetes,  while  sugar  formed  from  protein  appears  in  the  ui'ine. 


Relation  of  Diabetes  to  the  Pancreas.  It  was  shown'  in  1890 
by  T.  Mering  and  Minkowski  that  the  experimental  removal  of  the 
pancreas  in  dogs  produces  a  rapidly  fatal  form  of  diabetes.  In  the 
disturbances  which  result  from  the  removal,  all  the  essential  pheno¬ 
mena  of  the  disease  in  its  grave  form,  as  above  described,  are  present 

, _ hyperglycgemia  and  glycosuria,  disturbed  metabolism,  wasting, 

acidosis,  excretion  of  acetone  bodies  in  the  urine,  etc. ;  death, 
usually  preceded  by  coma,  occurs  within  three  or  four  weeks.  Later 
it  was  found  (Houssay)  that  hypophysectomy  abolishes  the  symptoms. 
It  was  found  also  that  the  symptoms  of  disease  did  not  develop  when 
about  a  fifth  of  the  pancreas  was  left  in  the  body.  That  the  diabetes, 
is  not  due  to  loss  of  the  pancreatic  juice  supplied  to  the  intestine 
is'  shown  by  the  fact  that,  when  the  duct  is  brought  to  the  skin  sur¬ 
face  so  that  the,  juice  ,  is  discharged  externally  through  the  &tiila, 
diabetes  does  not  follow.  It  thus  became  clear  that  the  diabetes 
is  the  result  of  the  loss  of  an  internal  secretion  or  hormone  supplied 

by  the  pancreas.  .  . 

It  has  been  recognised  for  some  time  that  complete  obstruction  ot 
the  pancreatic  duct  leads  to  atrophy  and  secondary  fibrosis  of  the  acim 
of  the  pancreas,  and  that  ultimately  the  glandular  tissue  may  largely 
disappear  and  be  replaced  by  fibrous  and  adipose  tissue  ;  on  the  o^er 
/hand,  the  islets  of  Langerhans  persist  practicafiy  unchanged  (big. 
631)  MacCaJlani  excised  half  6f  a  pancreas  and  by  ligaturing  t  e 
duct  product  tbe  other  half  tbe  atrophic  changes  described.  No 
diabetes  resulted,  but  when  tbe  atrophied  pancreatic  tissue  contain¬ 
ing  tbe  islets  was  removed,  symptoms  of  grave  diabetes  develop. 
It°was  by  taking  advantage  of  tbe  fact  that  the  islets  persist  after 
ligature  of  tbe  duct,  that  Banting  was  led  to  tbe  tocovery  of  m- 
sSin  as  tbe  active  agent  concerned  in  diabetes.  In  coUaboration 
with  Best  be  tested  tbe  action  of  an  extract  prepared  from  a  pancreas 
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ii.  iLis  \va.v,  a.nd  fouiul  t.ha,l,  (,ho  axl.nud,  had  a  marlvod 
,d'IOd.  in  diiuiiiishin--  jdyca'.mia,  a.iul  Uu!  tiilycosuna  in  dopajicrcaiiscd 
di)ifs  'I'lu^  act-iv('  )>rinri|il(i  (■nnixa’iind  liaa  kii()vvn  n,K 

'^T\w  administration  of  insnlin  to  a.  dia,bnti('  patinnt  is  ordinarily 
follo\v('-d  hv  tlio  disaiiiiHairaiu-.o  ol  all  tho  iinportaait  loaturos  of  the 
disoaso  d’la'  blood  sa|j;a,r  rails,  alyoosnria.  and  hcstonaria  disappear, 
(lie  sto'ra.!j;('.  of  Klyeof^fsi  in  the  liver  a,nd  nnise.les  again  oeenrs  and  the 
normal  tiu-ta-bolism  ol'  fat.s  is  rcgaimsl.  There  is  also  a  rise  lu  the 
respiratory  (piolhait  owing  t(»  the  restored  oxidation  ol' earbohydratra. 
U  may  be  sa.id  thati  in  the  normal  a.nimal  the  inje.et/ion,  of  insidin 
.•■U.SC'S  ima-ea,sed  (ai,rboli ydrate  metabolism  with  hypoglyeamiia,  and  the 
d'(M.osits  of  glyeog(a>  in 'tin.  livan-  and  tissues  IxHs.mo  dinumshed  owing 


Kuj.  (>:U.  a, trophy  of  paiUToaa 

rnHaltiiigfroniohrttruotiotiof  t.liniluct. 

Till*  nivHprotl.ir  tkmr  iuui  )j*>rn  r<‘itl>M’ol  hy  tat 
whllnt.  (,hi*  InlPl.b  (*l  IdumPHinibi  ure  nyi'U  prc'- 
Hprvol  lAvo  nn*  iP'<ML  (J.S.  D.)  ■.  'Hi* 


Kkl  "-iHltitH  !.jui}i:(a*hadm  Hhowirig 

hya.lhu'*  (loigoiHa’aitiion  in  a  (*.aso  of 
<ria,ho(oH.  (Dr.  John  iiowTUL)  X  250. 


to  the.  drain,  'rhis  inereased  metabolism  unihw  tho  inlhienoe  of 
insulin  oeenrs  in  the  tissiu's,  as  insulin  does  not  eause  directly  increased 
.dve.olysis  in  the  blood.  A  poini,  of  imporl.a,nee  is  that  whenever  the 
r.lood'sngar  falls  below  about  0-05  pe.r  cent,,  theri^  de.velop  nervmis 
symptoms,  ultimately  imding  iu  eonvnlsions,  eoma  and  respiratory 
failnre.  1'his  mumrs^'in  Tlu-.  diabetie.  patient  whim  insulin  is  given 
in  exeess,  and  also  iii^the  iioiamU  animal.  Mann  and  .Ma©‘'h 
that  acul.e  Hymi)toms'.follov\'ing  rmnova.!  o.f  the  livm-  are  due  to  hypo- 
glyi^iemia.  The  symiitoms  are  proihptly  rdiiwed  by  administration 
of  glueose  a, ml,  by  taking  adva;nto.ge  of  this  fact,  tlu^y  wore  able  to 
prolong  the  lives  of  dogs  after  the.  operatieii.  ,  .  .  i 

Ktiot,o(1v  ov  Diauidtioh.  In  Ihe  human  subject  tho  structural 
hasis  of  diabetes  is  ebscure.  While  lesions  of  the  pancreas  are  com¬ 
monly  niid  with.  tlKwe  is  no  one  It^sion  characteristic  of  the  disease 
In  Ho'inc  the  pancreas  is  merely  redueed  in  si/.e  (:ir)  -40  8®;  f 
90-100  gin.)  i)ut  devoid  of  fibrosis,  and  the  islets  show  little  b  y 
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diminution  in  number ;  in  a  minority  of  cases  clironic  interstitial 
pancreatitis  with  fibrosis  is  found  and,  as  Opie  has  pointed  out,  inter- 
acinous  and  intralobular  pancreatitis  can  lead  to  fibrosis  and  destruction 
of  the  islets  and  consequently  to  diabetes.  Occasionally  calculus  or 
carcinoma  may  be  the  underlying  cause  of  the  pancreatitis  and,  rarely, 
acute  or  subacute  pancreatitis  (p.  688)  may  be  followed  by  diabetes. 
Opie  was  the  first  to  describe  replacement  of  the  islet  cells  by  hyaline 
bands  of  refractfie  material,  which  may  occup}^  a  large  part  of  the 
islets,  but  such  hyafiiiisation  of  the  islets  is  conspicuous  only  in  a 
minority  of  cases. .  In  acute  diabetes  in  yomig  subjects  hydropic  degen¬ 
eration  of  the  islet  cells  may  be  seen  (Weichselbaum). 

Diabetes  in  man  presents  a  distinctly  hereditary  character  especially 
in  young  subjects  (Harris)  but  the  mode  of  inlieritance  is  not  fully 
understood.  In  early  life  the  disease  is  generally,  severe  but  the 
individual  is  also  highly  responsive  to  insulin ;  more  often  it^  begins 
after  the  40tli  year  and,  it  is  then  notably  associated  with  obesity  .and 
hypertension.  Such  cases  occur  more  often  in  females  and  they  are 
much  less  readily  controUed  by  insulin,  indeed  they  may  he  said  to 
be  relatively,  insensitive  to  it.  '  Himsworth  has  emphasised  Lhe  close 
correlation  between  the  amount  of  fat  .consumed  in  the  national  diet 
and  the,  prevalence  of  late  diabetes  but  the  important  factor  may,  be 
the  total  caloric  intake  rather  than  thC' amount  of  fat  as  such.  The 
significance  of  obesity  is  thought  to  lie  in  failure  of  the  obese  to  trans¬ 
form  carbohydrate  rapidly  into  storable  fat  once  the  fat  depots  are 
filled  .(Lawrence),  consequently .  there  is  h5q>erglycsemia  leading  to 
functional  overstrain  on  the  islet  cells.  Elderly  obese  diabetics  ma^ , 
however  be  cured  of  their  diabetes  if  their  obesity  can  be  removed 
by  strict  dieting,  and  the  striking  fal  in  the  incidence  of  late  dmhetes 
under  war-time  rationing  ,of  foodstuffs  is  prohably  ,  attribut.aHe  largely 


to  the  prevention  of  obesity  in  the  elderly.  ^  _ 

It  has  been  established,  notably  by.  Lane  and  Bensley,  that  the 
islets  of  Langerhans  are  .composed  of  cels  of  two  tj'pes— a-cels  and 
^.Gells— which  contain  granules  differing  chemically  and  m  them 

staining  reactions.  The  grannies  of  the  ^-ceUs  correspond  in  their 
solubility  with  insulin  and  the  evidence  points  to  destraction  or 
fundamental  inhibition  of  these  cells  as  the  essential  cause  of  diateto. 
In  animals  from  which  the  pancreas  has  been  partially  removed  the 
onset  of  diabetes  may  he  prevented  by  a  diet  mainly  of  psotem  and 
fat,  whereas  a  high  carbohydrate  diet  may  precipitate  the  diabetic 
state  ;  in  the  latter  animals  hydropic  changes  m  the£-ceUs  are  pre^nt. 
Timely  administration  of  msulin,  by  reducing  the  functional  load  on 
■  the  d-ceUs,  allows  recovery  to  take  place  and  restores  the  pn^es, 
the  loss  of  which  probably  represents  a  state  of  functional  e:Aanstion, 
hut  if  the  hydropic  degranulated  state  of  the  cells  persists  it  may  be 
.Moldky  hylLato  and  deatmction  of  ^-cella  ao  that  the  diahet.o 

HtLaay  and  Yoimg,  diabetes  can  also  he  produced 
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ox(.(‘rinu-nUlly  in  (•.(Ml,a,in  aninm,!  hikhmc'S,  in.  doffs  and  cats  but 
not  in  riits,  by  ri'pcabcd.  udiniiiisliration  of  (un-tain  iwlnniocortical 
Htcroids  (c.U.  taatisonc,  lY-hydroxycorticawtcroinO  and  also  of  suitable 
•udcrior  pituitarv  cxtnic.ts.'  In  tlu'  nudluxl  tlu^  diabc.tic,  con- 

iliUon  .‘xists  at  'lirst  only  durinfj;  the  iKM'iod  of  injcxd.ion  {idin-hypo- 
plu/sail  diabetes)  a.nd  durint^  this  tinu^  it  is  unresponsive  to  insulin; 
a.rt('r  a,  prolonije.d  e.ourse  of  injee.tions,  howevi-r,  a,  piTinauently  diabetic 
state  is  establislied  wliieb  persists  al'ter  cessation  of  trcsituunit  with 
•uilerior  pituitary  <'xtra.<'t  (nwla-hiipophu.'iral  diabeU's),  'I’lui  islets  at 
lirsi.  show  loss  oferauales  from  tbe/b.-ells  a,nd  lat.er  e.o.nplete  hyalisa- 
t.ion  a,nd  it  is  liierefore.  hi«bly  probabh  that  tlu^  (hwcdopineut  of 
diabetes  is  attributa.bU^  to  (h'struetion  of  tla^  insulin-seentins  ft-edh 
of  the  islets.  Metn.bolie  studi(‘s  indiiaUo  that  ani.erior  |)ituitary  (extracts 
a.ntaeonise  the  action  of  insulin  by  inhibitinn;  the.  en/,ynu(  lu^x'okinase 
which  ealalyses  the  e.onversion  of  elu((oS(^  to  elueoS((-(;-phoHphorie  acid, 
this  beinfj:  an  ('ssiuitial  step  in  tlu'  utilisation  of  suffir  by  the  tissues. 
Aeeordiiudv  (in'  hydropic  eha.ii.ues  in  tiie  islet,  ((clls  n,r('  probably  tluj 
niorphoh^ieal  expression  of  fuiietiona.l  overstra,iii  in  an  attempt  to 
overcome'  l.h(>  I'xeess  of  pit.uil.a.ry  hornioiK^  a,nd  t.hus  (Mia, hie  he.xolcinase 
to  initiab'  the  iiieta, holism  of  elue.osi-.  .l)oha,u  and  EukiMis  have 
shown  by  means  of  r.'peat.ed  ini,ra,p(M-it,onea,l  injections  of  glucose  m 
eat.H  t.hat  siist.ained  hyperglyea'iiiia,  can  per  .w  liMwl  to  I iinctKimd  ex¬ 
haustion  of  t.heish't  cells  a.n(l  piMMuaiKMit  diabideH,  tiie  iskds  (exhibiting 


the  chara(d.erisiic  hydroiiic  di'giMUM'ation.  .  i 

Th((  functional  signiliea.nce  of  tiie  /beeUs  has  Ikmmi  liirt.hiM'  ((oulirniocl 
by  Shaw  Du.ui’s  discovery  in  llM'i  of  the  diai.etogenic  l>';<>l'«-tieH  of 
alloxan  This  Hiibsta.nce  ea.iiseH  a.  highly  selective  necrosis  oLthe^-oclls, 
■^iTch  tlKMi  liberal, e  insulin  so  l.lia.t  dea.l.h  in.  hypogly.Memic  coma  roHults. 
If  the  animids  are  kept  nliv,(  by  a.(lnrmistra,i,ion  ol  glucose,  the  hypo- 
(dycminia,  is  latin-  succeeded  by  hyperglye.ieinia  and  a  permaneut  state 
of  diabetes  is  produced,  'fliis  remarkable  discovery  has  l>';<>';i; 
entirely  new  approach  to  tiie  expiMMinentai  production  ol 
and  may  ullimat,('lv  throw  light  on  tiie  problem  in  man.  Alloxair 
appears \o  work  through  attacking  certain  sulphydril  compounds  and 
a  rapid  fall  in  tlie  glutathione  eoutent  of  the  blood  iollows.  Injection 
of  giutatluone  or  cysteine  jirior  to  tiie  injectioii  ol 
the  selective  necrosis  of  islet,  cells,  owing  to  raiiid  oxidatmn  of  aUoxan 
todialurie  acid ,  a  substanee  closely  related  to  uric  aeid.  .1. be  possibility 
is  thus  oiiened  up  that  an  abnormality  of  pnrme 
lead  to  t,ho  production  of  a,n  allo-xan-hko  substance  with  a 
aotiou  on  the  islet  cells  and  the  well-known  association  botwoen 
diabetes  and  gout  lends  support  to  suck  a  liypiitliesis.  ^  , 

In  summary  it  might,  be  said  ttiat  all  tlu>se  (  iviise  ‘  j-,  ' 

methods  of  producing  ilialndes  aiipear  to  . 

etfeot  through  a  common  action  upon  the  /beells  ot  the  isl  ,t.  ^ 

hans;  and  indeed  there  may  be  only  a  single  ultiinato  site  0^  “ 
feronoo  with  tho  processes  of  oarbohydrato  metabolism,  7 
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inhibition  of  the  enz3Tne  hexokinase  with  consequent  inability  to  set 
in  motion  the  normal  utilisation  of  glucose  (Young). 

In  diabetes  we  have  an  excellent  example  of  disturbance  of  the 
balanced  action  of  two  endocrine  glands.  In  one  sense  the  diabetes 
is  the  result  of  insuliu  deficiency,  but  in  another  sense  it  is  due  to  the 
unopposed  action  of  the  pituitary.  How  the  disease  is  induced  in 
man  is  stUl  obscure  but  disturbance  of  this  balanced  endocrine  control 
appears,  in  the  fight  of  present  knowledge,  invariably  to  he  concerned. 

The  opposite  condition  to  insulin  deficiency  is  exemplified  by  the 
increased  production  of  insulin  and  the  resulting  hypoglycsemia  which 
has  been  observed  in  some  cases  of  tumours  of  the  islets  of  Langer- 
hans  (p.  692). 

Other  Forms  of  Glycosuria.  As  has  already  been  explained, 
excretion  of  glucose  in  the  urine  occurs  when  the  amount  in  the  blood 
rises  above  a  certain  level,  that  is,  is  the  result  of  hyperglye®mia. 
The  latter  may  be  produced  by  excessive  formation  of  glucose  from 
glycogen  in  the  fiver  and  in  the  muscles,  and  may  be  brought  about 
either  through  the  nervous  system  or  by.  means  of  the  secretion  of 
endocrine  glands  ;  and  both  of  these  factors  may  be  involved.  For 
example,  increased  formation  of  glucose  and  hyperglycsemia  may  be 
produced  by  stimulation  of  the  sympa^etic  fibres  going  to  the  fiver, 
and  adrenalig^apparently  acts  in  this  indirect  way.  The  best  known 
example  of  glycosuria  resulting  from  a  nervous  lesion  is  the  glycosuria 
due  to  puncture  of  the  floor  of  the  fourth  ventricle,  discover^  by 
Claude  Bernard.  This  is  the  result  of  increased  formation  of  glucose 
by  the  liver  with  consequent  hyperglycsemia,  and  it  dws  not  occur 
when  the  store  of  glycogen  in  the  liver  is  exhausted.  The  Mtion  on 
the  fiver  takes  place  through  the  sympathetic  fibres.  It 
stated  by  some  that  this  form  of  glycosuria  is  produc^ 
medium  of  adrenalin,  but  Stewart  and  Eogog  have  shown  tha,t  the 

puncture  or  ‘piqure’  glycosuria  occurs  when  action  of  adrena  mm 
Lificially  excluded,  just  as  it  does  in  normal  animals  Glycosuria  met 
with  sometimes  as  the  result  of  various  lesions  m  the  bram  is  appar¬ 
ently  of  the  same  nature.  Examples  of  glycos^a  due  to  excessive 
endocrine  secretion  are  met  with  in  exop^a^c  goi  re  an 

occasionafiy  also  in  acromegaly,  and  have  etc’ 

The  glycosuria  which  may  result  ficom  ?iaE2p-»orphia,  mtotes  ete^ 
is  apparently  of  nervous  origin,  and  it  has  been  shown,  at  least  in 

casfof  ether  glycosuria,  that  adrenalin  is  not  concerned.  In  all  these 

mmf ofgScofuria  the  increase  of  glucose  is  prevent^  or  remov^ 
b^he  A^^totion  of  insulin.  In  contrast  to  these  examples 
glVosmia  in  the  human  subject  may  be  due  not  to  hyperglyc*ima 
.0  .  lowing  of  the  threehold  v^uo  for  »  tW  ^ 

escapes  more  readily  by  the  kidneys— renal  glycoguria  (P- 
extreme  example  of  this  is  the  glycosuria  produced  by  pM^J^s 
explained  above;  in  this  instance  the  glycosuria  leads  to  hvpo- 
glycsemia  and  great  loss  of  carbohydrates. 
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Til  a  PAnATH  YltOIDS 

Kxperiniental.  It  whh  lirHl.  (‘HlJihliwlK'd  by  (Im^  work  of  Gloy  and 
of  Vnssa'lo  an<!  Goia-rali  Miai  l.lu»  |)a,ratliyroi(lH  aTo  c.ssont.ial  to  lifo,  and 
thai.'iiu'if  removal  ia  followed  by  a,  Kroup  "f  relaUv(dy  aeuto  aymp- 
iViiis  (H.nslat  ut'mii;  a.  form  of  (etany  Irlwnia  farathyroi(k<rpriva.  These 
svmpl'ana  vary  somewbaX  in  difba-eiit  aninia.lH,  but  the  chief  are 

,1  depn«sion,  librillar  twitebinga  and  jerkiiifj;  tnovements, 
spasms  esp(«aally  of  t'xte.nsor  innseles,  Homotiines  disturbance  of  the 
ba'lama^  of  tb</body,  convulsions  a, ml  emaeiaXion  ;  (h'aXb  usually 
follows  within  a.  few  days,  '.riu^  nervous  pbeuouuma,  depend,  essentially 
on  eluniees  in  the  central  nervous  system,  a.nd  Uuuas  is  bypeiexe.itability, 
espt'eiaiiy  of  Mu'  lower  motor  neurons,  '.riiere  is  also  imua'asid  electrical 
<'Xe.ita.bi!ity  <if  the  mol.or  nerves  as  tested  by  tlu^  f'alva.niii  eurrcmt, 
and  this  is  resident,  uiaiidy  in  IIk-  uenro-inuseula.r  juneXious.  It  was 
shown  by  MaeOallum  and  ins  e.o-workers  tlmt  a.fter  para.tbyroidcetoiny 
tbeie  is  a  marke.l  fall  in  the  amount  of  calcium  in  the  blood,  that  this 
prodm'cs  a,n  inerease<l  exeit.a.bility  of  I, be  m-rv^s,  a, ml  that,  tlui  adminis¬ 
tration  of  .•al.aum  n'rawes  tlu'  nervous  symptoms. 

Ill  ('xperimeiits  where  the  parathyroids  are  iiaetiially  lenioved, 
UiU'ut  likoui  may  result.,  a,  condition  wbrne  objee.tivo  symptoms 
uiav  be,  a.bsent,  l.nt  when'  t.hwe  is  the.  eliaraet.erist.ie  ine.reased  ox- 
eitability  of  the  nerves.  It  was  found  by  Grdlieim  that  in  chronic 
teL.ny  in  rats,  eaust'd  by  pa.rt.ial  pa.ra.tbyroid(H'tomy,  there  was  a 
detieieut  forma.tion  of  ena.mel  and  di'iitine  in  the  ine-isor  teeth,  so 
that  tlu'y  were  apt,  to  be.eome  broki'ii  a.eross,  ()ssitiea.tion  also  was 
iutei'fere'd  with  and  ost.e.oiii  tissue  wa.s  hud  down,  a, ml  fiaietures  liealod 
imperfectly  in  such  animals  with  the  formation  of  soft  callus.  Those 
changes  are  a.ppa.renl.l.v  t.be  dinst  result,  of  t,h('  ca.lcium  deliciency  in 
the  blood,  which  results  from  paraXhyroidee.tomy. 

Afti'.r  l,e,t,any  and  hyiio'xdcmmia  ba.d  bi'i'U  (iroved  t.o  result  from 
pa,rathvroid  delieieiiev,'  at.ti'iupts  were  m.a,de  to  prepa,ro  an  extract 
from  the  panthyroid  which  would  a,dmit  of  substitution  therapy, 
'I’bis  re.sult  was  oiif.alni'd  by  GoUip  who  showed  tha,t  extracts  prepared 
bv  weak  hydrolysis  of  ox’  para.tliyroidH  w.uitain  the  aet.ivc  jn'inciplo 
or  hormone  generally  now  known  a.s  ■ixmtlJiornioiie.  ''I'be  elhciency  o 
the  extract  was  shown  by  it,s  removing  tetany  and  hypocalcamua 
after  paraXhyroidee.tomy.  At  the  sa,me  time  a  fall  m  the  moraamc 
phosphorus  of  the  blood  (xamrs  a.nd  also  an  niereased  excretion  o; 
both  phosphorus  and  ealeium  in  the  urine.  These  and  other  facts 
show  that  the  parathyroids  ha,ve  an  intimat,e  relation  to  phosphorus 
as  well  as  to  eidciinu  metabolism  ;  in  faet  it  is  now  behoved  that  the 
action,  of  parathormone  is  priimirily  un  the  iihosphonis.  Oerrcsponi  ing 
results  were  ohtaini'd  in  normal  individuals,  the  hloed.  phosphoius 
being  redueed  and  the  e.aleium  being  raised  by  the  acini mistrationj^t 
paratliormene.  'Wlu'n  given  in  exeessive  doses  to  dogs  it 
symptoniB,  YomutiJig  iuid  dianlicxia,  wIucjIi  .may  bo  followcc  )y  co 
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The  hormone  acts  on  calcium  essentially  as  a  mobiliser,  removing  it 
from  the  bones.  When  administered  to  animals  for  some  time  in 
fairly  large  doses  the  hj'percalcaemia  is  followed  by  metastatic  calcifica¬ 
tion  in  the  arteries,  kidneys,  stomach,  etc.,  very  much  in  the  same 
way  as  has  been  described  in  the  case  of  vitamin  D  (p.  167).  Oalculi 
of  calcium  phosphate  may  form  La  the  bladder.  The  mode  of  pro¬ 
duction  of  the  hypercalceemia  is,  however,  quite  different  in  the  two 
cases.  The  occurrence  of  the  essential  changes  of  osteitis  fibrosa  has 
been  found  by  Jaffe  and  Bodansky  to  follow  the  injections  of  para¬ 
thormone  in  young  dogs  and  guinea-pigs. 

Tetany  in  the  Human  Subject.  Tetany  was  of  course  recog¬ 
nised  as  a  distinct  affection  for  a  long  time  before  anything  had  been 
established  about  the  functions  of  the  parathyroids,  and  was  known  to 
occur  in  a  number  of  different  conditions.  It  had  been  found  to  follow 
thyroidectomy  for  goitre  in  some  cases,  and  this  form,  known  as  ‘  post¬ 
operative  tetany,’  can  be  definitely  ascribed  to  removal  of,  or  damage  to, 
the  paraS^oids.  Tetany  was  formerly  a  not  uncommon  condition 
in  children,  and  was  associated  with  the  presence  of  rifikets-in  a  large 
proportion  of  cases.  In  these  the  calcium  content  of  the  blood  has 
been  found  to  be  reduced,  sometimes  to  half  the  normal.  Tetany 
is  met  with  also  during  pregnancy  and  lactation,  and  is  apparently 
due  to  a  drain  of  calcium.  There  is,  too,  a  well-recognised  variety, 
known  as  ‘  gastric  tetany,’  which  occurs  in  cases  of  dilatation  of  the 
stomach  with  fermentative  changes  in  its  contents,  especiaUy,  it  is 
said,  when  the  dilatation  is  due  to  obstruction  at  the  pylorus.  Gastric 
tetany  probably  depends  on  a  state  of  alkalosig,  induced  by  the 
vomiting  and  consequent  loss  of  hydrochloric  acid  horn  the  stornach. 
Alkalosis  is  believed  to  lead  to  tetany  through  distmban^  of  the 
normal  balance  between  sodium,  potassium  and  hydroxyl  ions  as 
compared  with  calcium  and  hydrogen  ions,  and  tetamc  synaptoms 
may  result  from  alkalosis  however  produced,  e.g.  by  hyperventilation 
or  by  alkali  therapy.  In  some  cases  there  is  a  fall  m  the  calciuin 
content  of  the  blood.  Tetany  develops  sometimes  m  the  course  ot 
infective  diseases,  e.g.  influenza,  rheumatism,  etc. ;  further,  its  occur- 
rencelslrd^d  to  certain  trades,  especiaUy  those  of  sedentary  nature 
-the  so-caUed  ‘  occupation  tetany.’  In  the  various  forms  the  symp¬ 
toms  vary  considerably  but  are  mainly  spasms  of  the  mmeles,  wtach 
are  usuaUy  paroxysmal  but  sometimes  of  a  pe^tent  character^ 
fibriUary  contractions  also  occur  in  the  muscles.  The  m^cles  of  the 
limbs  are  speeiaUy  affected,  but  others  may  be  myolved,  for  example, 

tliose  of  tlie  larynx  and  pharynx.  ^  ^  _ 

Along  with  these  active  manifestations,  there  is  f oimd  an  mcreased 
excitabihty  of  the  nerves  to  electrical  and  mechanical  stimulation,  of 
nature  siar  to  that  met  with  after  parathyroidectomy,  here 
also  the  hyperexcitability  may  exist  without  the  actual  presence  of 
spasms,  thM  constituting  a  latent  form  of  tetany.  'These 

to  tetany  have  been  given  here  as  the  symptoms  are  of  the 
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.s-uii(‘  iriiurc.  iw  following  j)arii(Fyroi(lcolioniy,  hut  tetany  does 

not  onliniu-ily  (U^ixnul  on  a,  Jcaiou  of  tlie  pa,rathyroi(lH.  Tlio  essential 
is  a,  (lisliu'hauc.e  of  the  ionic.  hala.nc.c  of  the  plasma  aud  iipscd,  lu 
.'•Ucinm-phosphofus  met.a.l.olism,  liypo(^al(^annia  playing  tln^  (Fief  part, 
in  the  produ.dion  of  sYiuptuiuH  ;  idlodo.sis  also  may  h((  eoneenuHl. 
I'he  disinrhanc((  .nay  h..  p.-odu.asl  in  vm.'ions  ways.  d'he  U.tany  of 
.•iclu'ls  foi-  (>xamplc,  is  due  to  diminisln'd  a,hsorption  ol.  ealeium  owing 
to  lh(- dclici.s.cy  of  vitamin  1)  a,nd  c.an  h<.  .an-.«l  by  a,dministratiou  of 
tho  vita.nin  Ol-  by  nlti-a.. viol.d  i.-i-adia,ti(m.  It  is  generally  aeec.pted 
that  the  ('idarfrement  of  pa,ra,thyi-oids  whieh  may  be  lound  m  riekets 
is 'secondary  ti.  the  disl.urha.nce  of  calcium  mctal.olism,  and  prohahly 
nn’n-cscuts  a,  work  hyp.'rt.-ophy.  llannoiThage  into  the  pa.-athy.-oids 
lu.H  been  found  sometimes  to  occur  a,t  I, he  tinn-  ol  h.rth,  mid  it  is 
uossibli'  t.hat.  a,  lunoiuit.  of  (i(‘lic.i('ncy  ina.y  lx-  i)r(>ught.  about 

in'lliis  wa,v.  'I'ln^  possihility  of  runellonal  disturha,n(s'  ol  the  para¬ 
thyroids  n'mst  also  Ix'  home  in  mind.  On  the  wh<.l(y_  ImvvH-v.'r  there 
is  not  satisfactory  evidence  that  teta.ny,  a.s  met  with  either  m  children 
or  in  adults,  is  often  di.<>  to  a  primary  l.ypofunction  of  tln^  pa,rathyro.ds. 

Funilhyroid  Ilypcrfunction.  'fliis  is  seen  in  a  ehronlo  form  in 
eases  of  tn'in-nilised  osti'itls  lihrosa,  due  usually  to  a  parathyroid 
lad’cnoina,  Init  oeeasionally  l.o  hyperplasia,  'flu-  ossi-ous  changes  m 
this  discas.'  hav,'  already  been  dese-rihed,  Iviit  it  may  be  rccayal  that 
tluw  are  essentially  tlic  result  of  will.dra,wal  of  calc.un.  rom  the 
spoumosa  of  hon.'S  under  the  inlliH'iiec  ol  ('xcess  ot  parathormone. 
'I'lu'  liYpercaleanuia,  increased  excretion  of  cah-iiim  and  i.hosiihorus; 
and  tiie  occasional  metastatic  ealeilieatioi.  a, re  the  .-((suits  ol_  tins 
The  formation  of  calcium  phosphate  stones  m  I, he  renal  pelvis  is  not 
uncommon.  The  inimher  of  cases  in  which  parathyroid  adcnonui  has 
been  ..resent  is  now  large,  and  in  a  co..sid<s-ahlc  |iroportion  removal 
„f  the  tumour  has  h(>en  followed  by  striking  results.  Usually  tlu.ro 
is  a  single  tumour  ofsomewhal.  oval  form,  often  ol  somewhat  yelk  .wish 
tint  and  varying  in  si/,e  ;  it  may  r<‘a.eh  more  than  ..  cm.  {*.  m.)  m 
length  hut  is' usually  smuller  (Fig.  hhlS).  It  is  n..k, worthy  that  tho 
severity  of  the  symptoms  him  no  relation  to  the  si/.c  "^*'*10  tunu  ur. 
fn  aho'id.  <>  l>er  cent,  of  cases  there  is  moro  t,lian  one  growth  (yhiight  . 
'fhe  rmnoval  of  such  gn.wths  has  (U'lnonstrated  clearly  that  the  mc  M  - 
holic  disturbance  is  the  result  of  paratliyn.K  l'-yi>‘'>-tunct.(m.  fho 
anmu.it  of  calcium  in  the  blood  falls  at  <.uco  and  the 
and  phosphorus  in  the  urine  heepmes  dimmishcd.  While  there  may  ho 
a  restorati<.n  of  calcium  metaholism  to  a  »<>r.nal  sbd,(.,  this  h(.W(.^ 
is  not  always  the  ca,se.  Kometimes  the  blood  ca,lc.um  is  little  (  m  - 
ished.  hut  this  may  he  due  t,(.  the  pn-seiice  ol  an  adenoma  m  mother 
parathyroid.  The  removal  of  an  adenoma  may  he 
fall  of 'the  blood  calcium  to  an  abnormally  low  U.vcl  and 
tetany  appears.  The  tetany  may  he  removed  IW f Pf'"- 
thormono  hut  occasioually  it  is  intractable  and  may  lead  J 

oxhaustion.  The  ocenrrenee  of  such  an  untoward  result  sugg » 
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the  remaining  parathyroids  are  not  functioning  fully,  as  removal  of 
a  single  parathyroid  does  not  usually  lead  to  serious  effects.  It  may, 
however,  depend  on  too  rapid  precipitation  of  calcium  in  the  skeleton, 
and  according  to  Albright  may  fail  to  respond  to  parathormone  because 
of  changes  in  the  structure  of  the  bones.  The  tetany  may  sometimes 
be  cured  by  administration  of  hydrochloric  acid  along  with  increased 
intake  of  calcium  (Telfer)  but  the  phosphorus  in  the  diet  should  he 
kept  as  low  as  possible  at  first  in  order  to  delay  depletion  of  the  blood 
calcium  by  deposition  in  the  skeleton.  In  cases  of  parathyroid 
adenoma,  where  excision  of  the  growth  has  a  favourable  result  on 
metabolism,  retrogression  of  the  changes  in  bones  follows  but  it  is 
slow. 


Fig.  eSS.-Seotion  of  parathyroid  from  a  osteitis  ebrosa. 

showing  the  characters  of  the  cells.  X  200-  : 


Tumours.  The  commonest  form  of  tumour  is  the  adenoma,  and 
in  a  considerable  proportion  of  cases  this  has  b^n  ^wiated  ^ 
hyperfunction  and  disturbance  of  calcium  metabolism  hut  generally 
bSe  disease  is  not  invariably  present  (Albright);  statistics 
regard  to  this  association  are  still  wanting.  The  general  characters 
o/the  growth  have  already  been  given.  Microscopic  esammation 
shows  that  the  cells  constituting  the  growth  correspond  with  those 

gla,nd-cM  or  ^oip.1  * 

cells  (Fig  633).  The  proportions  m  which  the  different  occm 

vary  The  eelL  are  often  larger  than  the  normal  cells  andtenuclei 

mav  show  hypertrophic  changes  and  may  he  multiple.  They  often  eon- 

tarn  a  cbnsiderable  quantity  of  glycogen.  Cells  of 

occur  and  a  papillary  type  of  growth  may  he  present  m  an  adenoma. 


TKTmmOK  OF  PATHOLOGY 

It  is  it)  he  iii»kHl  tliM-t  an  miiy  he  iiKH>r|)(>nii<H!.  iu  the  Bub- 

stiinco  the  thyr()i(i  Oju-ciiionia.  nxiiy  iiriso  h\  n,  para-ihyroid  but  is 
very  rair(\,  asai  a^s  a  lyvparj>a.ra.ibyr<)i<lis«n  is  a.bsiaif/.  jii  tlu^  rare 
(‘on'dition  of  prinuuy  hyfMa-plasia  Ihe  histolo^i^ncaJ  a,pj>(sira,iic.(\s  a.ro 
<l!lf(a'o!it  aia!  consist  ii)  a  <.p'(%a.t  iiu‘r<‘a,st^  in,  ilu^  siz(^  a^nd  mnaiHa’  oC  Uvo 
^  wa4fi‘ra„‘l(,Nir  ’  adls. 


THB  ADEMNALS 

Introductory.  In  (‘.oiuua'Hon  with  the  patIi()lo<j;y  of  ih<'.  adrenals 
{he  doable  (a)nHiltution  of  tla^  ji:bin<irt  is  of  gn-sat  iinportatnay  and  in 
tiiis  resp«^(‘i-  ibey  pn^sent  an  analojiy  to  tlu^  pituit.a,ry.  dlio  ossonti-  ‘ 
aJlvdifTereait  sinietun'ouid  developtneiital  origin  of  (cortex,  a.nd  medulla 
a,rm  of  eonrs<\  gioua-ally  nM'.ogniscui  ;  they  a-n^-  in  at!  probability  func- 
tionallv  iniiO’ridahai,  but  to  what  is  stdl  obseunc  We  shall 

lirst-  of  all  consider  sonu^,  ra('ts  with  rega,r<!  to  e.orl,<^x,  which  is  of 
mos^HltaMual  origin. 

From  tin'  adiama!  cortex  at  least.  <'ight.  ph\ssiologie.a.lly  aetiv('  sul)- 
stanecs  have  Ixurn  obtained  in  small  a.monnts  in  eryst-allim^  form  but 
since  I  In*  amorphous  r<‘si<hi(^  contains  by  far  tlu'.  gr(‘at(a’  a.mount  of 
hio!(rii<‘allv  ae,tiv('  mat.(a’iab  it.  is  as  y(d.  um^ertain  liow  far  tbe  normal 
functions  of  I  hi'  adri'ual  I'.ort.isx  ar<‘  attribut-a.bh'-  t.o  t-hi'si^  ia'yst.allisal)lo 
fractions.  The.  i-.ortical  hormones  fall  int.o  tbrei^  main  physiological 
groups  :  (1)  those  (‘onccrni'il  with  tin',  water  a.Jid  iT'ct.rolyto  contemt 
of  lh('  tissues  and  blood  ;  (2)  thosi'  act  ing  ot»  carbohydra.t.is  nutabolism 
and  on  the  blood  and  lymphoid  tissm's;  a.nd  (2)  ibosi'.  inllucncing  the 
gonads  and  sexual  functions. 

Tlu'-  firsti  group  luay  he  lionvi'intait ly  descrihial  as  minia-alocorti- 
coiils  ;  tiny  ri'side  duetiy  in  1  hi',  amorplious  fra.etiou  hut  anHxxmnplitied 
hy  di'soxyeortiiswterone  which,  tlmugh  presimt  a.s  such,  in  ih,o  adrenal 
c.orti'X  ill  oidy  insigiiihc.aid.  amounts  is  mwa'rtlu'h'ss  highly  (tlcitivo 
cliiiically  as  tln^  aedate  (D.O.G.A.)  in  rcphicenumt  therapy.  The 
sci'ond,  group  is  I'l'pri'scntcd  hy  c.oi’tdc.ost'cronc-  aiiid  c»orilsou('s  aitid  those 
ari^  known  as  gluc.oeortlc,oids  from  their  a.dion  on  ca-rboJiyi Irate,  meta- 
Imlism.  ddie  third  group  (‘oiisists  of  suhsia.nci^s  chmniiadly  ndakul  to 
thc^  si'.x  liormoues,  some  showing  a.ndi'ogi'nii'.  a,nd  othms  mstrogenio 
a.etiv'it'V,  hut>  tlic;  siguilieanec  ol  tbi'Si'.  in  ilu"  normal  u.dr(vnal  Is  uu- 
e.(‘rtain  ;  they  are  ispi'dally  importa-nt  in  m'oplaHins  and  1  ly  peri )  Iasi  as 
of  Hu's  cort.i^x  wlu'U  ilu'ir  ovi'rproductlon  may  result  in  aLnorinalitios 
of  s(sximl  fimct-iou  and  changes  in  1-he.  Hccomhiry  sisx  characters.^ 
Situa'.  tlu^  adnaud  cortex  is  controlk'd  })nimipally  liy  the  secretion 
ora,dr(Mio(a>i:ticoi-ropinc  hormmu^  (At  J.dM  1 .)  from  ilu".  antiirior  pituitaiy, 
hypopli vs(H‘t-oniy  leads  to  a»dnaial  cort»ical  aita'ophy;,  but  th,o  outer 
gioitua’ular  zoiu^  is  Iinss  allei'tiul  iluin  tlie  inner  zoncss  aiud  death,  from 
<d(H5trolvtt(^  imhUikuie-e.  does  not  follow.  It  Kcanus  iikedy  that  the  outer 
glornm'ular  wnie  is  responsibk^  for  tlu‘,  mHu'etlon  of  luineraloeorticoids 
and  that  tUis  function  is  not  cmtipletxdy  under  pituitary  control  Ibo 
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tact  that  administration  of  A.C.T.H.  stimulates  predominantlj  the 
output  of  glucocorticoids  also  points  in  this  dhection  and  may  indicate 
tlieir  origin  from  the  inner  zones,  from  winch  also  the  cortical  substances 
resembling  the  sex  hormones  are  believed  by  some  to  arise. 

With  regard  to  the  part  played  by  the  cortical  hormones  in 
pathological  processes  in  man  it  is  as  yet  too  early  to  evaluate  the 
full  significance  of  the  individual  hormones  hut  clearly  an  under¬ 
standing  of  their, .separate  actions  is  likely  to  throw  light  on  the  many 
dysfunctions  observed  clinically.  Formerly  knowledge  was  derived.  , 
chiefly  from  clinical  states  of  h^^ofunction  following  destruction  or 
„  hyperfunction  in  neoplasms  of  the  cortex,  but  the  preparation  of 
purified  adrenocorticotrophic  hormone,  of  active  cortical  extracts  and 
of  various  pure  crystalline  factions,  from  the  cortex  has  enabled 
further  analysis  to  be  made  on  adrenalectomised  as  well  as  on  intact 
animals. 

Removal  of  the  whole  of  both  adrenals  is  followed  by,  death  usually 
within  a  comparatively  short  time.  The  time  of  survival  varies  in 
.d,ifferent  animals  but  is  ordinarily  a  matter  of  several  days.  In  rats 
the  period  may  be  lengthened  and  this  is  probably  due  to  the  p,reseiice 
of  accessory  cortical  tissue..  After  double  adrenalectomy  the  aniiii,ai 
shows  little  ill  effect  for  ,a  few  days  but  about  a,  day  or  two  Lefore 
death  serious  symptoms  appear.  It  becomes  dull  and  stupid  and 
shows  weakness  and  nncertamty  in  movemeiits.  Apathy  and  asthenia  ■ 
and  cardiac  weakness  are,  progressive  until  the  time  of  .death,  which 
is  preceded  by  a  marked  fall  of  temperature. 

The  symptoms  and  biochemical  changes  following  ablation  of  both 
.  adrenals  are  due  to  the  loss  of  cortical  hormones,  and  in,  acute 
insufficiency  two  main  t3^6s  of  change  result :  ^ 

(a)  The  most  striking  effect  is  that,  .resulting  from  an  increased 
rate  of  loss  of  sodium  and  chloride  ions  in.  the  urine.  This  leads  to 
progressive  faU  in  the  plasma  sodium  and  to  an  increase  in  the  perme¬ 
ability  of  cell  membranes  which  results  in,  the  loss  ,of  ,potassiiiiii  and 
magnesium  from  the  intracelular  fluids  into  the  blood.  There  is  also 
some '  delay  ia  the  absorption  , of  sodium  chloride  from  the  bowel  ancl 
consequently  there  results  a  pronounced  ionic  imbalance  in  the  blood 
with  deficiency  in  sodium  , and  excess  .of  potassium.  The  greater  loss 
of,  so,dium  leads  to  a  relative  excess  of  chloride  ions  and  there  is  thus 
a  considerable  degree:  of  acidosis.  The  excretion  of  mea  is  notably 
diminished  and  the;  blood  urea  rises.  The  effects  are  therefore  those 

of  acute  salt  depletion,  with  .  secondary  ^  extraceflular  dehydration, 

.  which  if  uncorrected  leads  to  death  in  oligiemic  shock.  These  changes 
.  '  are.  the  result  of  loss  of  the  mineralocorticoids,  and  can  be  ^on-ected  by 

administration , of  .cortical  extract  or  of  desoxy^^^^ 

(b)  The  metabolism  of  carbohydrates  is  mterfered  with,  the  blood 
sugar  level  is  lowered  and  the  sensitivity  to  insulm  is  much  increased  ; 
th^  is  largely  due  to  inability  to  promote  the  synthesis  of  glycogen 
from  glucose  but  also  in  part  to  excessive  utibsation  of  glucose  and 
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failun'  of  .i!:hu‘o!HM),u;i‘iK'siM,  i.c.  |)rovisi<)n  of  ,<i:lncoso  from  i)roi.(,‘iu 
flt'gnMlaf-ioiK  Th(‘so  oha.s\i!;(‘S  uro  duo  to  loss  of  .uiaoor.ortjc^oids  a.u(l 
(‘.ail  !)(‘^  (•.orr(,H‘.i.(Hl  l)y  a.dmiuisfra.iaou  of  tlic'sc,^  or  of  wliolc^  cM:)rticai 
(‘X.t,ra(‘fs. 

dlviiH,  ooix'  of  t'ho  |)UTifit'(l  subata-iUH'S  aJoiuu  (at*;.  d(\soxy(U)rti(‘,()- 
st(a’on(%  oortirosioroiHy  oortiaouc,  otc.  aom jx'usa.B'S  f(U‘  (.otrul  adnaial- 
eatoiuy  In  all  nNspoafa.  A(!tiv(^  iota!  oxtoa^cfs,  (•.ouvaMiitaitly  tornaxl 
carlnK  <‘aiu  liowiaa'ix  j)rolong  the  life  of  a,(lr(‘naha‘foiuis(‘(l  a,iiimals 
ind<'ht)it(‘ly  aiul  tluur  (hleefs  are  luueli  (aduuuxxl  by  Himulta,iux)us 
adminisi ration  of  sodium  ehloridta  Tlu‘  (^lleets  of  su(‘.h  (‘xi.i'aots  are 
iruh'  drainatie..  An  adr(aial(a‘.t,omis('d  a-nimal  in  a.  staf(^  of  (‘.ollapse 
and  with  a,  danjxa'afun'  mon^  than  liv(^  d(‘i!:na\s  Ix^low  nornud  may  be 
brouid't  L>  j>ea.e.tiea.lly  n(»nna.l  st.af(^  witLin,  twcady-four  hours. 
Ai'.liva*.  (‘ortL'al  extracts  ha.v<‘.  a,  (^(a-tuiu  etfeeti  wluai  givtai  by  the  mouth 
but.  an^  mueh  more  (dfe(‘.tiv(‘  vvluai  civam  by  panaiUa'a.!  inj(x‘.tiou. 

All  t.h(‘s<^  symptoms  and  hio(^iuMni(%'d  elm.iyijiii's  iia.va^  t.luar  e.ounter- 
part.  in  human  pathology  in  (h'struct.iva^  h‘sions  of  t.lu^  chmds,  the 
<'(fe<‘ts  of  whieh  will  b(‘.  eonsid(a’<‘<l  Ix'low. 

Poiijd^s’l.y  atiU  hjiA’t^  uuut'  en.  tdie 

(U’  iro  j<  i:’.  an<l  of  A.< I.  oa  lUo  an<l  lynipli  iiodoH 

aiul  ox  IIh^  <‘in-uliii  inK  l>l<»<xl-  A<liuini:d.fai.i<)n  of  |mri(ii'd  A.('-/r.l!.  I.o  iiU-act 
aoituahi  (-nu.x'd  rapid  iuvohd.Hui  of  (hyttaix  au<l  lyniplioid  |.ii(.su<vu  a.  faJl  in  tlio 
iiundaT  <>r  cii’cniid  inp  nMumutpi*' iynsplxa’y  t<'H  nixl  a.  riao  in  (.Ixi  IxdUi  and 
|.-:aiunia  <d'  ( la^  hhual  appumid.ly  IV<nn  I  lio  <li!;iid  ('fp'ai  ion  of  lyinplincytaH. 

Ta  lii^htty  iiunn«niar<i  aninuda  lla^  lyti»plioid  l.issac'ii  woro  Idnnd  0>  h(>  rich  in 
antilxidii'H  and  A.(M\n.  pnidatMal  a-  mnrlaai  ('lavni.inn  ot  anlihndy  titres  in 
Mu'  Uhxal,  which  Unia^hcrty  ami  WhiO^  ad  rihuicd  to  i.ln'  disHolui  ian  oi’ lynipho- 
cV'{('H  and  c<jaa<'(jncnl.  liixx'alion  <d'  aniilxidy  |,»;h'!‘nlinia  dMiin  work  ixiK  not 
iunan  wiialiy  (aadirmod  and  nuial.  ho  n'pirdo*!  ns  (d  ill  judicc.  ’’.rix^  t^iTocts 

of  Adi/r.ll*  an'  liiinihir  lt»  thoja'  oT  idm'ocort  i<*<)idn  atxl  two  ohatrly  <lne  l-o  reh^aHO 
or  tlm  latO'r.  Hiixa^  AXyi’.il.  is  im'doctivo  in  ndnaudoclomihU'd  aniinalH.  Con- 
vorHC'ly  ndronah'ot omy  or  <’<»!*(  ioal  liypolunot  ion  la  asaooijd.tal  with  hyjX'iphiHUib 
t>f  l.ho  thyrnuH  and  lyjnphoid  ( isauo.a  and  willi  lymphooy  l.osia.  P.  is  as  yot  un- 
cort  aJn  ln>wo\xx*  whotlior  it.  ia  juaiitijdd<'  t.o  in  tor  tJiat.  <‘orl  icnl  Junct  ion  in  nnhicod 
wix'u  thyinicolyniplxad  hypcrplaaia,  is  tonmh  <ag.  »»»  (tnua'a’  diwaiao.  ThoHO 
iixp(a'imon( ally  prodmaal  <'liiang<''anro  iiigldy  aigiuti<'ani(  iti  r('ihit  ion  to  tlx''  natuTally 
<X(cnrring  omlota’iiu'  dia<»rd<*rH  of  inan  and  may  onnhlo  hirtlux’  asuilyHia  o(  tlio 
nixloriyinp;  psd-hog<xH'aia  to  h<t  jna<t<\ 

The  adrenal  medttlla.  is  of  neurodu-UxlernuU  origin  and  eontains 
tiWo  imiin  typt^^s  of  e.<dls.  ddu^>  miotluu’  (Xills  Hui  sympatihogonia 
and  frotu  t.lmsc^  im)  thaivod,  (d)  t.lu^  ganglionic^,  e.ells,  through  the  Hyin,- 
j)athob!aHtH,  aud  (/>)  the  pluecxPromoeytcvs  or  (du*c)ttud1in  e-clls,  through 
t.he  plueoidiroinoblastH.  As  will  b<^  dc'.Heribcxl  below,  from  both  claBBOS 
of  eells  intoreBihig  iuniotirs  tirise. 

dlio  eJiroimiUhi  (xdls,  whieh  luivcs  the  pro[)cu:ty  ot  reducing  chrome 
Balts,  are  the  sourex'i  of  adix^uilintx  |)harnme.ologi(‘.al  action  of  this 

Hubstanee  has  hnnn  (wtiuiHivcdy  st.uditxl  Init  it  is  neux^sary  to  refer  to 
only  two  aspecd-B  naincdy,  it-H  rela.tion  i*o  blood  presBuro  and  to  sugar 
nud-aholiBni.  It  has  beem  (^Btablishcxl  that  l/luux^  is  iucreaBcxl  diBehargo 
of  adrenaUiu'5  into  ilie  blcxHl  a.H  a.n  (un<‘rg<uuyy  action  in  conditions  of 
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emotion,  fright,  exposure  to  cold,  etc.,  but  it  is  not  clear  that  it  is 
concerned  in  any  material  degree  in  maintaining  normal  vascular 
tonus.  Adrenaline  does  not  play  an  important  part  in  pathological 
conditions  of  high  blood  pressure ;  the  only  known  condition  of  disease 
in  which  its  production  is  definitely  increased  is  the  adenoma  of  the 
chromaffin  tissue.  The  other  important  effect  of  adrenaline  is  to 
cause  increased  glycogenolysis  both  in  the  fiver  and  in  the  muscles 
and  thus  to  increase  the  blood  sugar.  This  effect  corresponds  with 
what  may  he  induced  by  stimulation  of  nerves  of  the  sympathetic 
system,  hence  adrenaline  and  other  substances  acting  in  a  similar 
way  have  been  termed  ‘sympathomimetic.’  Adrenaline  may  thus 
be  concerned  in  various  types  of  glycosuria  described  above,  its  output 
being  stimulated  by  the  secretions  of  other  endocrine  glands  or  through 

the  nervous  system.  r  j  i 

So  far  as  human  disease  is  concerned  the  disturbances  of  adrenal 


endocrine  function  which  are  clearly  defined  are  ; 

A.  HvpoFTmCTioiir,  (1)  Chronic — ^Addison’s  disease  ;  (2)  Acute 

Adrenal  apoplexy.  ■  t 

B.  Hypeefunotion,  (1)  Cortical ;  (2)  Medullary.  This  is  known 

definitely  to  occur  only  in  cases  of  neoplastic  growth.  _ 

Certain  other  aspects  of  adrenal  participation  in  bodily 
will  be  considered  later,  as  the  position  of  these  is  not  clearly  defined 


(p.  1056). 

A  Hypofunction,  (1)  Chronic— Addison’s  Disease.  The 
description  by  Addison  in  1855  of  the  symptom  complex  which  now 
bears  his  name,  and  of  its  relationship  to  the  adrenal  lesions,  may  be 
said  to  form  the  first  fundamental  contribution  to  the  pathdogy  oi 
the  adrenals,  in  fact  to  the  study  of  the  endoerme  system  The  ctef 
features  of  the  affection  are  pigmentation  of  the  skm  and  sometimes 
of  the  mucous  membrane  of  the  mouth,  marked  asthema  and  low 
blood  pressure,  emaciation  and  ansemia  in  varying  egi^,  an  a en 
SrBmtom;  ,.ch  »  anoiexi.,  »<i 

is  iten  a  weU-marked  feature,  and  the  muscles  tecome  very  readily 
exhausted  when  any  muscular  exertion  is  made.  There  is  aRo  low^g 
of  sexual  functions.  The  nature  of  the  pigmentation  has  already  b^n 
described  (p  155) ;  it  is  most  marked  in  parts  where  pigment  is  norm_  y 
abundant  mid  in  exposed  parts,  and  it  is  increased  by  irritation.  For 
example  in  one  case  observed  by  us  there  was  an  area  on  the  chest 
Skeftiian  elsewhere,  which  corresponded  to  the  site  of  apphcation 

I  of  sodiom  chloride  by  the  Md»ye  is  ht-hrW 

preSiTSoause  in  the  ehsence  of  corlioid 

fail  to  reabsorb  enough  sodium  &om  the  glomerular  filtrate.  Con¬ 
sequently  the  plasma  sodium  is  unduly  low  and  this  hndmg  is  useful 

“  ‘SadStion  to  tSre  cSSc  symptoms  and  signs  ttee^ 
in  Addison’s  disease  acute  exacerbations  or  crises. 
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OCCIU’  s<‘V(‘!’n  vtHniiiiiig,  M\  iti  l)Ic)od  prcNSHiiri.^  mid  cxti'c^inc^  a,sl:lu‘nia 
h\  Sucli  a.  vrmn  rruiy  bo  prooijHl.aJod  by  <^\\m 

iiuliHond.i()iis  in  dioi,  or  by  votnitiii,^  o!’  dianiuoM,  in  fa,(*X  by  ajiydiing 
wluoh  doploios  furtlKa*  (.In^  blood  Hodiinn  hnad.  Tlu^  n^sulUiig 
Hov("r(‘  Halt,  doprivaiaoii  baidn  io  (^xt*.rt‘i.ion  of  pla.Hina.  \va.l.(a'  in  onUa; 
to  pr(\S(‘rvo  iHoi-onioity ,  i.bo  phiHinu.  vobiriu^  fa-llH  and  baanoooncvni, ra¬ 
tion  foilowH,  vvitli  c‘l(‘va,i,ion  of  bloo<l  virtxn  ln(a'oa,Hod  poi*in<\a.l)ility  of 
(‘all  in(nul)nUH‘H  jHa’initH  ndcaviB<‘.  of  ))otaHHiu!n  a,nd  inaynu'Hinin  ions 
into  tiio  pluHina.  in  in(a’oa,H(al  a.inountH.  fdiuilly  a  staii^  r{‘H(anbrnig 
oliL!:aanio  sfiock  Hnpia'voiuns  and  kaidH  t.o  (bxd-b,  OOunho  lacl.s  show  that 
th(‘  important  fnnotions  of  tlu'  o.ortnx  in  r(0a.tion  i.o  wa,tta*  and  salt 
cnntrol  hav<‘  bcim  d(‘Ktroy(‘<l  in  /\d<liHoiVH  diHoa,H(a 

NA'i’iMv.!';  o!'  LnsioNS.  Tlu^  <*.<)nnn(in('Htf  aHHooia.t(ai  h'sion  of  tlio 
adtvnals  is  d(‘st  ruo4.ion  l)y  (•bi‘nni(^  tiil)iaaa(!()sisywbi<vli  UHua.11^^^^^^  involves 
both  oort(‘X  and  noMlnlla.  and  o,onv(a4.s  both  idands  int.o  (ibro-e.ascaais 
niasHc's,  In  an  imaaasiny’  proportion  o(‘  <*as(\s  na-ordod  within  naaait 
Vtairs  th(‘  (‘orl(‘X  of  tin'  a<li’taia]s  has  Inaai  ahsont.  or  la.r<i;(4y  d(^str(\yed, 
\vhil<‘  (ho  nn'didla.  has  IxMai  pra(‘th’ally  nnalha-tvd.  Such  a.  c-ondition 
apptsars  to  !)(‘  Iho  n'snlt  of  a,  t.oxio.  maa-osis  a.lhadin^y  lh('  o.orthad  (‘.(4js, 
follow(Ml  by  royor\orat  ion  ami  ay;ain  by  maa'osis  of  t.lu^  by  piaplastio 
parts  ;  tho  hndon  lias  bcaai  ooinpanal  to  (^ytolyti<‘.  maa'osis  of  liviax 
ddu'  oansation  ol  tln^  (‘omlition  is  unknown  but.  surh  oasi'S  show  t.liat 
loss  oC  <‘ort<‘x  is  th('  main  far, tor  in  th<^  jirodnohion  of  tla^  syni|)liOins 
of  Addison's  disi'aso,  and  smh  o.as(\s  a.r<‘.  r(4a.t.iv(‘ly  mon^  friapaait  as 
th(‘  imadoniH*  of  t.nlaaaailosis  falls.  !j<‘ss  (amnnon  (umdit.ions  are 
tilirosis,  atropliy,  or  hypoplasia,  of  tlu^  .Ldands.  in  soim^  inst.a.nees  of 
t.lH*:  last'  (-ondition  tlna’o.  havt'-  Ixaai  (ailarjj!;<anont.  of  ilK”-  thymus  and 
otlua*  ondotTine  abnormalitios.  Di^st  rmd.ion  by  taimour  i^rowth,  lias 
Hom(*thn<‘S  biaai  prissiait,  but.  this  is  on  i  lu"-  whokM'xe.i'ipt.iona.I.  by|)hilltic 
diHiavso*  luis  bcaai  asiaabod  as  a.  <‘ans(\  but  wi*:  ha.v(‘.  luwca*  iound.  any 
(waihana^  of  this.  In  all  oas<‘S  tlu'  syndromo  of  Aildison's  disiaiso 
a.pp(aa.rs  io  d{‘p<aid  upon  <l(‘st motion  or  dohad.  ol  aidriaia.!  (.issue!,  if 
only  th(‘  loss  is  snllioiiadly  smaa'o. 

^  ^  In  theca  nnmomxstf  t-ypoiof  taibcaaadous  lesion  t/hea.drcaialsare  enlarged, 

linn,  and  sonunvhuh  irregular  on  t!i<^  snrfaca’!.  On  scadaon  they  an^  seen 
to  be  changed  into  inaHHOK  of  puit.y-like  easeous  matcada.!,  with  dense 
fibrous  tissue  surrounding  it  (Kig.  tilM)  ;  (ailcatrcanis  de|)osit  is  of  fre- 
((uent  occuirreiuto.  Hiough  tiu^  l(‘.Hion  is  usually  of  very  long  standing, 
tubercle  ba.cdUi  may  sometimes  b(‘.  found  in  birge  numbers.  ']!  hero  are 
also  easc'ts  whmx*!  [lartiai  destruedhm  by  tubmade  is  assocdahcal  witli  some 
of  the  symptoms  of  Addison’s  distaiset,  d’uhcrculous  Icisions  arc  usually 
pre^seut  iu  ot.lua*  organs,  tag.  tlu'  lungs  or  lynijih  node's,  though  in  a 
HnuiU  proportion  of  (*as(NS  t-lu'  aclrcam.ls  appcxir  to  Ix^  adlcHdod  alone. 
It  is  a  striking  facd.  thal.  cdironie  (.ubcaxmlosis  usiudly  alleed/S  both 
adrenals  ;  in,  addition  tlierc^  is  ofkm  inueh,  libi'ous  thiekenoig  of  their 
eapHules  and  in  their  ncdglibourhood,  and  this  may  involve  tho  semi* 
lunar  ganglia  and  the  symtiatliotic  pk^xus. 
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Apart  from  the  adrenal  lesions  the  main  feature  is  marked  wasting 
and  this  involves  the  muscles  as  wed  as  the  fat*  Atrophy  of  the  heart 
is'  also  noteworthy ;  it  is  often  more  marked  than  in  other  wasting 
diseases.  This  is  of  interest  in  relation  to  the  low  blood  pressure. 
Atrophic  change  is  present  also  in  the  gonads.’  In  Addison's  disease 
there  is  a  distinct  dimuintion  of  the  basophil  cels  of  the  pituitary 
(Orooke  and  Russel),  associated  with  alterations  in  the  character  of 
the  granules.  The  disturbance  of  carbohydrate  metabolism  results  in 
a  marked  decrease  in  Hver  glycogen. 

Pathology.  In  most  cases  of  Addison’s  disease  we  have  a  picture 
of  a  practically  complete  destruction  of  a  gland  essential  to  Hfe. 


Fig.  634. — Adrenal  glands  in,  a  case  of  Addison’s  disease,,  showing  ca^seons 
destruction  and  enlargement,  x  4. 


Compensation  for  loss  of  cortez  could  be  efiected  only  by  hypertrophy 
of  accessory  adrenal  tissue,  and  for  loss  of  medtilla  by  hypertrophy 
of  other  chromafan  tissue,  hut  for  the  occurrence  of  such  changes  there 
is  no  satisfactory  evidence.  A  definite  interpretation  of  symphOTs 
in  relation  to  the  structural  changes  is  now,  in  part  at  least,  possible. 

The  original  view  that  the  tendency  to  fatigue,  low  blood  press^, 

etc  were  due  to  loss  of  adrenaline  consequent  on  destruction  of  m^ul- 
lary  tissue  is  no  longer  tenable.  This  factor  is  probably  not  without 
effect  but  it  is  of  subsidiary  nature.  The  complete  control  of  s^ptoms 
in  adrenaleetomised  animals  afforded  by  cortical  extracts,  as  descri^ 
above,  justifies  the  conclusion  that  the  symptoms  are  to  f 
to  loss  of  cortical  tissue.  The  prompt  elevation  to  nomal  of  the  blood 
pressure  by  such  extracts  is  speeiaUy  noteworthy.  There  is  also  the 
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fad.  tliai.  in  soinn  (',as<‘S  of'  Addison's  disnasc^  iilu^  nu^dullarY  tissue  is 
intnri.,  \vhih‘  tlu*  r.oii<‘\  has  h(‘<‘n  (h'stroyn.d  or  is  Ia.ekin<4.  'I'his  vi(W 
has  fxaai  tuny  i-onlirnu'd  by  {lu‘.  (‘(lec.l.s  ot  c.orttic.al  (‘xtra,(*t'S  iu  (‘.a,S(%s 
of  tk(‘  dis<‘asr.  Such  (‘xt  racts  (*.oni.a.iniiY<i:  tlu^.  a,ci:iv(‘  j>rin<a|)l<‘.  or  eortin 
luwc  iMM'U  j)!’(‘j)a.r(‘d  by  Swing'd  a.nd  iniiriaa*  a.nd  by  otluu's,  and  (.hese 
ha.V(‘  luadi'  sui>stil.ution  tiua^a.py  possihk^  i.o  a.  (‘-{‘riiuin  (^xtiait.  llio 
<‘.hronic  sympl-oins  luiv(‘  bctai  diininishiab  a.nd  (‘SjXMaaJly  ih(^  aiiutc 
syiaptoins  of  crises  ha.v(‘,  Ixaui  n^lii^vuML  I'lu’;  l;woura.bl(^  n'sult.s  iu  the 
lattia*  have.  b(‘cn  (MihaiHaal  by  th<^  sjxMafic.  a.ddila'on  ot  sodium  c.hloridc 
1,0  i!i<‘  di(d,  and  in  inihl  (aisi's  incn\'is(ui  sodium  inl.a.ki^  alom^  will  Ki’^'atly 
ain('liora.((‘  1  he  symptoms,  SyntJudici  d<\soxyeortie.ost(a’<)n(^.  ae.etaio  is 
much  us<'d  to  (H)nl.rol  tlu'  (d(‘etroly t(^  ba.la.mu^  a.nd  is  highly  (dloiitive 
wlu'U  implani(‘d  into  tiH‘.  sub<m(a,n(M>us  tissiu's  in  tlH".  form  of  a  pel  lot 
ot  (,lu‘  eryslallim'  umltM’ia.L  It.  do(\s  nots  hownver,  ix^storo  tlic;  dysfiuuj- 
tion  otearbohydratc'  imd-a.bolism,  a.s  this  (k^ptaids  on  iJu'.  ^hnxHuirtie.oids, 

eori  i(a)s((a’<m(x  e.<u*(.is()n(\  vie,.  oreours(\  such  th(a’a,[KMitie.  m(^a.sur(‘,s 
ha,\a‘  no  (dleet  on  th(^  h'sions  in  tlu^  a.dnmaJs. 

In  sonu^  castes  then^  is  hy pof!;lye.a‘miai  ainl  ima'ca.siai  su.i^mr  tolerance 
whi(di  was  at(.ribul.<'d  tornuTly  i.o  adnaialim^  d<di(maie,y  ;  this  is  now 
ihou^hl'  1<>  i)<‘  <ha^  lo  loss  of  j4lueo(u)r(.ie,oid  Imrinom's,  1'h(^  failure  of 
i.Iu^  usual  ('Oee.t  of  iujcxd.ion  of  adrcma.line  in  e,a.usin<j;  <i:ly(a)suria  is 
prol>a.hly  dut^  io  lark  of  p:ly<‘054(m  si.orad'  in  i'ht^  livia*,  (‘,ons(xiuont 
ujion  loss  of  rlueoeori-ieoid  honnoiuss. 

With  n^^»:a.rd  to  thes  pignumtation,  nothing  of  a  definite  nature  can 
ho  staiecl.  It  has  Ixsm  shown  i-hat  a.  pigment/  ea.n  bo  tonnod  .from 
ndrmialine  by  tlie  act  ion  of  an  lur/ymo,  a.ml  it/  luis  Ikhui  supposixl  t-hat 
iu  Addison's  disi^ase,  a.  suhstaner,,  possibly  tyrosim^  or  an  allied  body 
which  normally  ho<u)m(\s  adrona.lim^  a,eeuinulafe!S  in  i-ho  skin  a.nd  is 
(duingcxl  into  melanin  by  oxidation.  Sin(‘.e,  pignumiution  (xxairs  in 
e.asc's  of  loss  of  <‘ort(‘x  wlu'n^  tlx'  nuxlulla  is  ridat/ividy  inttaxdi,  tlx-  above 
tli(‘ory  is  nnsatistaetory.  vSo  tar  ns  W<^  know  t<h<^  pignumiation  has 
not/  hixm  (d>S(u*ve<l  in  n.dr(maJ(x*.t-omis(xl  ariunuils. 

2,  Acute  I lypof unction-  -Adrenal  Apoplexy.  What^  may  be 
n^ganhxl  as  a.  states  of  aeutr.  <l(die.iem‘y  oexmrs  Honudanx^s  as  the  tv-sult 
of  ixxu'osis,  a/ixl  luemorrhagi'  into  tdie  suhstajux^.  ol  bot/h  a/drenals— 
adrmia.l  apopksxy  (hdg.  fi^ri).  In  aeuU*  hw(u‘S  and  si^ptii*-  (x,>u<lition8 
(‘M(xxda/lly  in  rulininating  nxmingoeocxud  inteid.ions,  luemorrhages  into 
tlx^  u-drimals  oe<aisi(ma,lly  nxd/  wit.h  and  Hoimd.inu^H  t/lu^  hamiorrhage 
may  h(‘.  so  ixxt.ensive  as  to  t.Iudr  eompk'U^  d<d/ni(d<ion.  Iho 

glands  an^  mmdi  mda,rged  and  on  sexd/ion  tlun’r  tissix^  is  HCsen  to  bo 
(xxvupiixl  by  blood  (dot  (fig.  635).  haunorrhu/gii  is  primarily  in 

t!ie  nuMiulla,  and  at  tlx'  p(U‘ij)lx'ry  of  tlx^  glands  the  (iorticxd  tissue  is 
Htrel/(dx‘d  into  a.  thin  and  irix'gular  layia*  ol  ycdlowish  (xiloiir  and  largely 
necrotic*..  Hindi  a.n  (xxairrmxu^  is  usuadly  attended  by  symptoms  of 
abdomirnd  pain  and  marked  (xilhipse,  a-nd  chuitli  ocaairs  in  a  day  or 
two  ;  tins  is  known  as  th(!i  WatmdiouHcv.Fridcudedisen  syndrome. 

In  view  of  the  li'isions  found,  it  is  clear  that  their  effects  correspond 
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with  those  of  double  adxenalectomy  and  are  to  be  interpreted  accord¬ 
ingly.  The  destruction  of  cortical  tissue  is  the  essential  factor  in 
bringing  about  the  collapse  and  fatal  result.  The  loss  of  medullary 
substance  and  consequently  of  adrenaline  supply  can  hardly  be  without 
some-effect  j  but  it  is  of  minor  importance .  If  the  hsemorrhage  be  on  one 
side  only,  a  space  or  cyst  containing  altered  blood  may  result.  PoKon- 
ing  with  diphtheria  toxin  is  associated  with  marked  congestion  of  the 
adrenals  and  minute  haemorrhages,  but  it  is  now  regarded  as  unlikely 
that  this  is  responsible  for  the  fall  of  blood  pressure  in  diphtheria  and 
other  infections,  for  which 
damage  to  the  myocardium  is 
more  probably  concerned. 

With  regard  to  the  question 
of  the  adrenal  medulla  and 
blood  pressure,  it  was  shown 
first  by  Josue  in  1903  that 
repeated  injections  of  adrena¬ 
line  in  rabbits  lead  to  hyalnie 
change  and  calcification  of  the 
media  in  the  aorta  and  large 
vessels,  and  local  aneurysmal 
dilatations  may  follow.  Hyper¬ 
trophy  of  the  heart  also  may 
be  produced,  and  may  be 
accompanied  by  small  areas 
of  necrotic  change  and  fibrosis 
in  the  myocardium  (Stewart). 

While  the  adrenals  are  often 
enlarged  in  arteriosclerosis  with 
hypertonus,  this  is  due,  at 
least  mainly,  to  cortical  en¬ 
largement  resulting  ftom  in¬ 
creased  amount  of  ‘myelin' 
and  other  fatty  bodies  in  the  in  a  similar  condition.  X  f. 
ceUsr  as  occurs  in  oth^  ^  ^ 

■  ditions  when  there  is,  an  increase  of  cholesterol  in  the  blood  (p.  145). 
There  is  no  evidence;  that  essential  hypertension  is  due  to  the  pro¬ 
duction  of  adrenaline  in  excess. 

,B.  Hyperfanction,.  (1)  Cortical — Adrenal  Virilism. ^  The 
adrenal  cortex,  together  with  the  :anterior  lobe  of  the  hypoph}^is 
the  gonads,  has  an  important  relation  to  the  sexual  functions.  Cortical 
extracts  have  a  stimulatiag  effect  on  the  gonads,  perhaps  by 
of  their  content  of  sterols  related  to  the  sex  hormones,  whereas  cortical 
absence  or  deficiency  in  Addison’s  disease  leads  to  atrophic  ch^ges. 
It  is  curious  that  when  adrenal  cortical  tumours  show  secretory  actm  y 
they  tend  to  produce  an  excess  of  hormones  with  androgemc  (or  very 
rarely  with  oestrogenic)  effects,  whereas  these  activities  are  amongst 


Fig.  635. — ^Adrenal  apoplexy  from,  a  case 
o,f  septicsemia  dying  suddenly  some  days 
after  .operation.  The  other  adrenal  .was 
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IcN'ist  <u>Hspi,(ni(vuH  of  nonnaJ  (*.ori'i(*,a,l  fusH‘4»io!is.  It.  S(M'ins  probable; 
Ihuvcoot,  i hat.  t  lu*  (liHoriMO.  fmiat.ionaJ  (list.urbajH!<\s  fouiHl  in  a.ssoeiaiioii 
with  (M)rt.io.a-l  neophisms  inav  <!(‘p(aHl  on  va.ria4.ions  in  (.lie,  i.ypi',  of 
e.orl  ieaJ  honnoiu'  proOuotai,  (‘.o;.  if  i»;luooe.ort.i(*.oi(ls,  Oiis!ht\,<>\s  syndrome  ; 
if  androL!;<a)i(‘ snbst aiKH'S,  virilism  r('snlt.s,  Ia4.t.('r  is  e.onunoiua’ and 

thus  (Madain  (u)rt.iea4  i-uinours  (^sp(‘c.ia4ly  in  <sir!y  lilb  a.ri'.  a44.(aHl(Ml,  by 
sirikini^  sj'XuaJ  e.ha.nf>;t‘S. 

In  iuaJ<‘  (•hildtvn  Is  precioeions  Ixxlily  growth,  a.sso(aa4KHl  with 

pnanatun^  d('V(topnua\t.  of  the  M(Mu)n(la.rv  sc'xual  (dia.rao-ters  mmro-^ 
(ji'iiitosonna^  pnrnKt\  Orowt.h  of  tlu^  g<‘nit.a4  orga.ns  a.n(l  of  fa.<‘-ia,l  and 
bodily  hair  oe.oairs  and  voie(‘  d(M‘p<‘ns,  Smdi  eJiildoai  oO.ca)  show 
<‘X(U'ssiv<‘  miistadar  strcmgi.h  (lu^  '  infant.  I ha-o.nh'S  typta'  Adn^nal 
(a)rti(‘a4  ovaa’^atd ivity  is  inoo^  e.ominon  in  iemah'.  cliildnai  (a.bout  live 
to  om\  (dynn)  but.  it.  is  not  a.  triu^  iso-S(‘Xua.l  poaaxaous  j)nb<'rty. 

is  at  lirst-  pna-ocious  growt.h  in  hoight.  a.ial  in  stnaigth,  but- 
usually  ilu‘  s<‘eoi\dary  ,s<'xual  (*hara(’t.(‘rs  do  not.  a.ppcair  (a’en  wlu'n  tlio 
ag<^.  of  normal  pulxady  is  nxuduxl.  41i('  bri'ast.s  nana.in  und(‘.v<\loped 
and  nuaistruation  fails  t.o  nccair  ;  inst.(‘a,(h  l.lu^  Ixxly  is  of  nuisc-ulinc 
habitus  with  (‘xet'SHiva^  faeaal  and  bodily  ludr  of  nuih^.  pa,t4.(a*n  a,nd 
marlo'd  gi-owth  of  ihv  oJitoris.  1'his  is  known  as  admuil  virlUmi.  In 
bot.h  sexos,  pnuuat  ina^  e.losun^  of  the  (^piphys(\s  oixairs  so  tha.t  the  ehild,. 
initially  too  larg(^  for  its  ag(a  may  ult.ima4.(dy  Ix^  ndai.ivady  dwarf(‘.(l 
In  ehiklhood  and  a<loleHe<'nee  adnmal  hyp(‘rfnneI.ion  is  most  fnxjuently 
du(^  t.o  nnilatx'ral  adeiuunat.ous  oi*  tw'en  (^ananomatous  lU'oplasia,  but 
in  adult  file  bilaU'ral  a<lr<Mia.l  hyp<a'plasia.  is  tlu'  c.ommoiua*  lesion 
{P>rost(‘r)  ;  it  is  stxui  ('speeially  iti  wonuao  in  wlu)in  it  hauls  to  mascu- 
linisatioiu  iao  atrophy  of  tlx'  i)reast.s,  enla.rgcantmt  of  the  elitoris, 
(u‘ssa4.ion  of  menst.rnat.ioin  growt  h  of  bodily  a.nd  fa.caaJ  luiir  of  inaseulino 
distribut-ion,  atul  d(M*p(ming  of  tin*  voicx';  Sonud.inu's  tluxx'i  is  also 
diabtdes  rtutlitus  { Aehanbd'hiers  syndronud.  ()onv(U*s(ty,  but  much 
mor(‘.  ra.r<dy\  nudes  t  hus  alba-ted  niay  (hwadop  t(uul(a\ei(NS  t.o  feniinisation 
wit.h  a4.rophv  of  tlie  gona<ls,  (udarg<nn(*nt.  ot  tlx^  bnaists  and  (won 
hu’t>at.ion.  Itemoval  ol  t.lu'  iux)plaiSin  has  in  sonu‘  (^a.S(‘S  btxm  attended 
bv  a  draamit  ie.  (li.sa,pfHwa.n(x^  of  tiu‘  a.bnormal  stwual  (‘.ha.ra(ders  ;  in 
easels  of  hyptu'plasia,  unilatend  a-divnahxd.omy  may  b<^  highly  beneficial 
but  t.hc^  n^sidt.s  a.n''  hxss  eert-ain. 

ddie  (linguosis  may  be  ussistitMl  during  life  by  (Estimation  of  the 
amount  of  17-k(d.o~st.(*roids  (Excndtxl  in  th(^  iirlmu  Idiesi^  are  d(irivc(l 
hirgtdy  from  a.ndrog(ufi(‘  adnuud  (U)ri.ica.l  hormoix^s,  a.nd  the  amount 
{^X(UX‘t(xl  in  t.lu^  abovi^  m'ophistiii  eondit.ions  exeaxHls  t.luit  in  any  other 
condit.lou,  (xg*  ov(Er  4b  mg.  p(Er  day  ;  a.lt)(Er  HU(HH‘HHtul  opewation  the 
daily  exer(d.ion  raUE-  is  nota.bly  rt'diUHEd  but  not  a.lw'a.ys  t;0  normal 
1(W(*1h.  In  hyp(Erpla.Hia,H  t.lu'.  amount'  (\X(*.r(4.(xl  Is  ra.rcdy  so  IdgJij  though 
often  in  (ux(*4^hs  of  tlu'  normal  lb  ir>  mg.  per  day. 

Adrc^nal  (jortie-ul  tannours  and  liyptn‘pla.sia.H  are  commonly  asH(^^ciatod 
with  true  virilism,  but  in  sonu^  cjases  (hmhing’s  syndromo  of  haso- 
philism  ^  resultB  which,  of  courscE.,  (lifters  from  vMlkin  in  many 


ENBOCRIOT]  GLAKDS 


1055 


important  respects.  Since  the  symptoms  of  Ciislnng’s  s^mdrome  have 
been  observed  hi  cases  receivmg  prolonged  treatment  with  cortisone 
or  A.C.T.H.,  it  is  clear  that  its  production  by  a  cortical  neoplasm  must 
be  attributable  to  the  elaboration  of  glucocorticoids  by  the  tumour 
cells  rather  than  the  more  commonly  observed  androgens. 

Another  hiteresting  fact  in  this  comiection  is  that  in  the  state  of 
pseudo-hermapJiroditism  in  the  female — that  is,  a  condition  where  thp 
external  genitals  resemble  those  of  the  male,  while  ovaries  are  present 
— enlargement  of  the  adrenals  due  to  cortical  hyperplasia  has  been 
present  in  a  considerable  number  of  cases.  All  the  facts  go  to  show  the 
Ultimate  relationships  between  the  adrenal  cort-ex  and  the  sexual 
functions,  and  the  curious  feature  is  that  cortical  h3rperplasia  in  the 
female  tends  so  definitely 
to  call  out  male  character¬ 
istics.  It  is  specially  note¬ 
worthy  that  hyalirdsation  of 
the  basophil  cells  of  the 
anterior  lobe  of  the  pituitary 
is  present  in  cases  of  cortical 
adenoma  of  the  adrenals 
attended  by  Ciishing’s  syn¬ 
drome  but  without  a  baso¬ 
phil  adenoma  of  the 
pituitary,  whereas  in  adrenal 
virihsiii  without  the  specific 
features  of  Cushing’s  syn¬ 
drome  hyalhiisation  of  the 
hasophilsis  absent.  Recently 
it  has  been  shown  that 
hypertrophy  of  the  adrenal 
cortex  with  the  attendant 
changes  of  Gushing’s  syn- 
drome  may  occasionally 
occur  in  association  with  tumours  of  other  endocrine  glands,  e.g.  of 
the  pancreas,  thymus  and  ovary,  as  well  as  of  the  pituitary. 

The  effects  of  removal  of ,  cortical  adenomata,  however,  show  that 
they  have  a  direct  action, in  calling  forth  secondary  sex  characters, 
and  that  the  influence  is  not  indirectly  transmitted  from  the  pituitary. 
The  .close  connection  between  adrenal  cortex,  gonads  and,  anterior,  lobe 
:  ,  of  the  pituitary  is,  :  however,  strikingly  illustrated. 

Hyperfunction.  (2)  Medullary.  The  only  clear  example  of 
this  condition  is  given  by  chromafiSn  adenomas  or  ph^oehromocytoinas 
which  release  intermittently  an  increased  supply  of  adrenalin  resulting 
•  in  paroxysmal  hypertension.  These  growths  are  described  below. 

Inflammatory  and  Degenerative  Changes.  Acute  inflamina. 
tion  in  the  adrenals  is  of  rare  occurrence,  but  evidence  of  damage  in 
the  form  of  degenerations  in  the  cortical  cells,  areas  of  necrosis,  etc., 


Fig.  6,36. — Section, of  c.ortic.al  adrenal  a^- 
noma,  sliow!ii,g  trabecular  structure  with 
tendency  to  variation  in  tbe  type.s  of 
cells.  Abnormal  sexual  cbaracters  were 
present,  X  250. 
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is  mO,  with  in  a.cuP^  inhv.tinns.  Tluw^  ha,v(^  hwai  ohaorvcd  ospocially 
in  diphlhnria.  In  hnn'i's  and  in  Ht'ppH'  (Hinditions  intense  eongostion 
and  ha‘.nu.rrhag(!S  may  he  found,  a,nd  Urn  la, tier  are  Bomotimes  of  largo 
'Ki'/.e  (p  Kind).  Ltnholie.  fnei  a,r('.  o(:.eaHiunaliy  found  in  pyaeinic  states 
and  Honu'-tinu^a  sniall  a,hHe.(WBeH  are  prodmaxl  ;  these,  however,  are  rare. 

It  i.s  poHHil)l('  t'Imt  such  acute  da, mage  may,  a,H  in  the  case  of  other 
orgatis  h(^  followed  hv  librotis  e,l>ang<i,  arid  it  has  been  supposed  that 
fibrotie  a,(,roi.hy  leading  l,o  Addison’s  disease  may  oeeasionally  have 
Hindi  ari  origin.'  A  i.oxie,  neerusis  of  the  cortex  followed  by  absorption 
and  ultimate  disapiieanuiee  would,  however,  a.ppear  to  bo  a  more 

common  oeeurrene.e  (j).  lOuO).  ■ 

h'.nov.H  of  Ihe  more  extensive  kind  are  described  in 

e.omieetion  wit.h  Addison’s  disease.  In  a,ddition,  however,  one  or 
two  caseous  nodules  may  sometimes  be  lound  in  the  adrenals,  in 
chronic,  tubmculosis,  »S'//p/(/7itio  lesioius  both  in  the  congenital  and 
acipiircd  types  present  the  usual  characters  ;  they  are,  however,  of 
rire  oeeurrenee.  I  n  eases  of  general  amyloid  disease  the  adrenals  are 
not  infr(vpumt,ly  inv  olved  ;  the  amyloid  change  occurs  especially  in  the 
capillaries  of  the  cortex  and  is  attended  by  atrophy  of  the  cortical  colls. 

'I'lu'  •  /Va-uilalion  Symlroinc.’  It.'.vnt.I.y  (to  im,.or(..uice  oC  l,hn  .idninal 
Uormo.u.s  in  tlm  I, inn  l,o  nnra.v..ura,l.l.'  <-nvin.ameata,l  ciaul.tams  has 

..mpluislnte  l>V  S-'lya,  wlio  a.a'K.'sts  tlia,l,  l.lu'  ol  the  laiUv.dual  1,o 

Hi,r,-MKn.s  I.r  alt  Uiial's  n.ltavH  a,  fairly  uaif.a-m  |.a.(.tnfn,  the  nntua,a,l  ndapt.vl,.!)!! 
svni'lrnina  ’  'I'Un  lirKl,  sfaya.  tla'  ‘  alara.  nmetea. ’,  rosemhleH  H.>™.ala.r.y  (iligauma 
Khoek  with  rcluaMna  nf  l.taal  vohnue.  l.lon.l  ,a■ess,.r,^,  l.Maa.cyfe  coant,  1)  ood 
t.lui-nH(>  Inv.'l  :  the  aei-iaal  ataye  nwemlil.'S  the  (aamterrHh'.llll^  phaHo  iii  which 
there  is  a  ri.se’in  the  ht.o.l  velame,  pre.sKure,  Huyar  ecnteiit  a, ml  liaieoeyte  couat, 
iavolutien  of  the  thyinua  ami  lyinphoiil  tlHsuas  a, ml  a,  rise  m  the  phisma  gb  nihn. 
Thene  chances  am 'attrilaited  by  Selye  tn  the  increaHed  diseharge  ()l  adroual 
eertieal  horninnea,  bath  ,niuera,lornrtie<)i(lH  a.ml  ghienenrtieoKlH,  under  the 

inema^nl  . . .  of  .t.C.'lMI.  r.'mn  the  pituitary,  hmally  d,  ho 

stniHH  contiimeK  with  Hiiirieieiit  severii.y  the  '  stage, oL,,exlimiHiliab  eompiirablo 
with'  adrenal  iiwiimeieney,  supervenes.  'I’his  hypothesis  is  largely^ajiecillativo 
for  altlioutdi  the  iihaiigeH  in  the  eoimtersheek  or  '  stago  ol  resmtaneo  aro  similar 

that  pmvioiis  administratioa  of  eorl.ieal  extracts  or  ol  A.(..  1  .U.  (.an  mUin.o  a 

HiinilfU*  Htdbtd^  oT  ri'HistdUU’G  AwJnin 

Selvo  has  extemled  his  thoory  of  a  ‘  K.'Uenil  mlirptation  syndrome 
the  pathogenesis  of  a,  gnaip  of  iliHordom  which  ho  calls  .liHcnses  ol  adaptation  , 
Ilmse  Tmlud.i  liypertimsioli.  iiephroseleroHis,  pe,.tie  ideor,  rhoumatoK.l  arthnto 
and  rheinnatle  disorilors  generally,  polyarleritis  ami  the  *  d.U.iHe  c<i  agon  dmoms 
ofulkirgie  origin.’  tlio  ,,m-tieiilar  disoriler  in  any  ouo  u»bv>dual  )»u'g  bought 

mineraloeortie.oids  and  umlerpioduotion  o  k  u*  '*  ’  '  (1,  ial  rosulta  following 

mmarkahlo  hypothesis  is  nahnled  'T, ‘f- rimdoSSl^ 

glncoeortieoid-sthnulating  effect)  in  the  varied  j  I  ^ 

his  ‘diHoimcH  of  mlaptation,'  o.g.  m  the  .•houmal,>o 

urUiritis.  Thom  am,  howovor,  many  aspocts  ol  tho  'stimllating  and 

oluoidation  and  Solyo’s  hypothesis  must  ho  regarded  ^ 

X^rovooativc  at  gtiu(H*aHsaii(ai  ratht^r  than  an  i^rov 
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Tumours 

Certain  growths  of  the  adrenals  have  special  features  and  are  of 
much  interest  both  from  the  functional  and  morphological  points  of 
view.  They  may  originate  either  in  the  cortex  or  in  the  medulla. 

Of  the  cortical  tumours  the  commonest  are  adenomata.  They  are 
fairly  common  and  occur  in  the  form  of  comparatively  small  rounded 
nodules,  well  defined,  and  usually  of  yellow  colour,  owdng  to  the  large 
amount  of  myehn  and  other  fat  in  the  cells  ;  not  infrequently  they  are 
multiple.  Occasionally,  an  adenoma  may  reach  a  large  size,  and  then 
it  maybe  associated. with  abnormal  sexual  development  as  described 
above.  In  the  smaller  adenomata  the  cells  are  arranged  in  trabe¬ 
culae  and  resemble  closely  those  of  the  zona  f  asciculata  ;  but  in  the  larger 
examples,  though  the  trabecular  arrangement  is  retained  for  a  time, 
there  is  a  tendency  towards  alteration  in  the  types  of  the  cells.  ines 
has  shown  that  the  cells  of  virilising  tumours  contain  granules  which 
by  a  certain  method  of  staining  are  distinctly  fuchsinopMie  ;  their 
significance  is  uncertain.  The  cells  may  become  large,  often  contain 
more  than  one  nucleus  and  all  transitions  to  distinctly  aberrant  forms 
are  met  with.  The  tumour  thus  may  become  a  carcinoma,  with 
invasive  properties,  and  formation  of  secondary  growtlis  may  follow. 
Some  such  malignant  growdhs  composed  of  cells  of  aberrant  type 
irregularly  arranged  have  been  called  mixed- cell  sarcomata,  but  b\ 
the  ""study  of  intermediate  stages  the  origin  from  the  cortical  cells 
can  be  traced.  Sometimes  both  adrenals  are  the  seat  of  such  growths, 
though  one  may  be  involved  secondarily. 

The  tumours  originating  from  the  medulla  are  of  quite  a  different 
order,  and  three  varieties  have  now  been  recognised.  Two  of  these 
take  origin  from  nerve  cells,  namely  the  ganglioneuroma,  a  simple 
growth  containing  ganglionic  nerve  cells  and  nerve  fibres,  and  the 
neuroblastoma  or  sym/pathicoblastoma  composed  of  embryonic  nerve 
cells  or  neuroblasts.  The  characters  of  these  growths  have  already 
been  described  (pp.  220,  256).  Neuroblastoma  is  much  the  commoner 
growth,  in  fact  it  is  fairly  frequent  in  children,  and  was  formerly 
regarded  as  a  sarcoma,  being  sometimes  described  as  lymphosarcoma. 
It  may  reach  a  large  size,  is  composed  of  soft  cellular  tissue,  and  is 
often  hsemorrhagic.  Secondary  growths  are  often  widespread  and 
occur  both  in  other  organs  and.  in  the  bones,  those ^  of  the  skull  bemg 
not  infrequently  affected.  Similar  growths  may  arise  also  from  other 
parts  of  the  sympathetic  system. 

'  The  third  variety  of  tumour  takes  origin  from  the  eliroma.fiin  cells, 
and  to  it  the  term  paraganglioma  or  plimochromocytoma  has  been 
applied,  the  former  term  being  used  for  growths  of  eliromaffin  t^sue 
outside  the  adrenals,  and  the  latter  for  adrenal  medullary  .gi'owths. 
It  is  composed  of  polyhedral  cells,  which  usuahy  give  the  chromophile 
reaction,  staining  a  brownish-yeUow-  colour  with  clirome  salts,  ■  and 
contain  a  considerable  amount  of  glycogen.  The  cells  are  arranged 
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ill  solid  iiu'issos  wliio.h  (ill  ;Uv(M)la.r  spjux^s  ;  the  stroinji  is  soinew'liat 
sc.a.ni'V  and  (^onia^iiis  a,  (•,oii,sid(‘ra.l)!v.  luiniixa*  of  blood  vt^ssi^is.  Thv  eolls 
may  show  somowlvaf  a.b(MTa.nt  tyju's,  but  t-hv.  ,aTovvth  is  usiia.lly  simpler 

does  not  naw.h  a.  laryy  si/w.  Ooea.sionally  e.ystAbrnuition  ha.s  Ixuai 
ol)S(‘rvo<b 

A  (;onBi(l(:^ralil(^  ivu,m.l>e.r  of  caiHes  luivo  now  hoim  ol)sorve(l  in  which 
a,  {)ha‘o(‘hr(Hno<'\ i.oma.,  usnally  of  siiupt'  tyfxy  has  Ikhsi  associated 
with  a  (h^linilr  aroup  oi‘ sy  mpl-oins  which  a,pp(air  to  ha.vn  as  ttavir  basis 
liypcrfunction  of  tF(‘.  <‘.hronia.nin  tissn(‘.  witli  ov<aoproduc.tion  of  adrciia- 
!in<‘,  1l»c  Hyinpi^oins  a.n^  hypin-Uaisiou  which  is  ofbai  of  a.  pa.roxysmal 
<‘hara,<dsr,  t-inshuH'-y  t.o  probisi^  p(n‘spira,tion  a.n<i  ‘i:ly(H)suria,  occa¬ 
sionally  [)ulniona.ry  <edc!na,  ;  tlu^  hy p(a't<aision  is  asso(‘.iatc<!  with 
ar(orios(^i(‘rosis  (w<ai  in  youny;  snbjc(‘(s  (P(\vron).  ( )<'casiona.lIy  death 
has  orcunvd  iVoiu  c(Mvbra,l  hjcinorrhage.  Pl»c  inl.caanitfcait  (‘.lia,rac-ter 
of  ih(^  hyp<a'tension  is  of  inionst  in  view  of  ih(^  sui>pos(‘d  ^  cincrycucy 
discharyt'  ’  of  adrtaia lin<‘  in  notanal  c<>n<litions.  N^airolibroinatosis  lias 
Ihmsi.  pr(‘S(nit  in  sonn^  (niscs.  In  a.  few  insls.ncis  suryii^al  nanoval  of 
ih('  yrowtli  has  hiaai  (bllowiai  by  disa,pp(aira.n(‘(‘.  of  Ihc^  symptoms. 
1'lu‘  ocenrrmuM^  of  simh  functioniny  ycowOis  is  ol  inl.enst  as  aPordiny 
a.  para.llcl  to  (aidocriiu^  t.uinonrs  (^ls(‘wh(nHy  <yy.  in  iJi(‘  ishds  <>(  Langcr- 
hans,  pituitary,  c^t.c.  On(‘  or  tavo  rxaxiqihs  ol  paraya.nylioma  with 
similar  syndrome  have  Ixam  notial  in  chromadin  tissias  outside  the 
adnmal,  e.y.  in  the  oryan  of  ZuckiM’louidb  but  th(‘.  majority  of  such 
yrovvt'hs  outside  th(‘  adrmial  arc'  <h‘Void  ol  hoianona.l  ai't^ivity . 

Otlun'  tumours  may  oriyimiU^  from  tlu^  stironui  of  tin",  adrenals. 
Siniphs  growths  suc;h  as  Ivpomu^  luvnuvtKj lotfKi  adid  lyi)hj)}i(iV(ji(yy'ii(i>  have 
IxHui  nud<  with,  but,  all  of  tluun  a.n'*  ra,rc.  Haramiaia  of  va,rious  kinds 
a,nd  also  ociair  ;  as  a.  rul(‘  t>h(‘  yrowt  h  is  bilatiaaiL  hciumd- 

ary  yi’ow't-hs  ol.  h‘ss  triapuaitJy  of  sataximai,  mc!  sonudinus 

pnsent,  in  th(^  adrmials,  (‘spts’.ially  wlum  tlu^  prinuiry  tumour  is  in  lung 
or  bront'hus  ;  iHaa*;  also  bot  h  yhinds  may  b(i  im))lic<rttHl. 

Ckmgenltal  Abnormalities.  Abwaice  of  hotJi  ndnMialH  is  soiuotiinos  ima 
with,  and  is  iu<‘oti(ipatU>I<^  with  lih^  ;  or  oao  may  ho  absoxit,  and  m  this 
o.ouditiou  ahHonco  of  right  only  has  boon  obHorv<ul  ((liorko).  An  mteresd 
ing  fact,  in  that  tihoHo  ahnormatiti<HB  a.ro  intimately  r<da.t(Hl  to  groHH  dt^h^otH  of  the 
tientral  nervouB  Hystiom,  Hindi  an  miormnaiplutly,  anoneephaly,  ote,  ,  in  ot  er 
caHeH  of  Hindi  cerebral  loHionH  hypeplania  of  the  adriaials  may  be  proHOut.  Apart 
from  Hindi  oonditioiiH,  hypeplania  is  of  not  uncommon  occurronco  in  the  condition 
el*  status  tliymifo  lymphniit-us,  tin'  (•(adex  tx'ing  mainly  aHei-UHL  dhe  naturo 
of  the  h>|)opla,siH,  \vh('tlu'r  primary  or  secondary,  is  not  known,  but  it  iH  el 
iuteivHt  in  vhav  of  tin'  iveiadly  ri'ceynisi'd  ('ireets  of  glinaieorticoid  liormonis  ui 
ea, using  t.ky mie.olympliatie  involut.ion. 

Accenmiry  adrmaU  are  of  comparatively  common  oiunirriMice  ;  they  are  small 
maBses  of  cortical  Hubstanco  and  can  bo  nxuiily  recoguisod  by  their  browmsk- 
yellow  colour.  Tiioy  are  met  with  in  the  Burroundirig  tiHBUOB,  on  the  surface  or 
oo.r^asionally  in  the  Bubstanco  of  the  kidney  or  liver,  and  in  the  region  of  t  le  ovary 
or  testich',  and  vi'ry  rmyui'ntly  at  th<^  npi'X  ot  congi'iutal  lua-nial 
ally,  though  rarely,  liuniour  growth  ariHoH  in  connce.lhm  with,  tlicm.  lo  h  ^ 
of’t.luse  Ht.ructumH  to  tlie  smcalk'il  hyperm'pliromatn,  of  tin'  kidney  has  alreai  y 
boiHi  dmeussod  (|i.  Stl7). 
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.  '  THE  THYMUS 

Introductory.  Witli  regard  to  the  thymus  as  an  eiidocrine  gland, 
little  is  known  either  of  its  normal  functions  or  of  the  part  played 
by  it  .in  conditions  of  disease.  The  smaH  round-cells  which  constitute 
a  large  proportion  of  the  active  thymus,  are  now  generally  accepted 
as  cells  of  the  lymphocyte  class,  which  have  invaded  the  epithelial 
cells  constituting  the  thymus  rudiment..  Some  observers,  howwer, 
still  hold  that  they  are  derivatives  of  the  epithelal  eels,  and  thus 
essentialy  different  in  nature  from  lymphocytes.  In  either  case, 
however,  one  must  recognise  that  an  important  part  of  the  thymus  ‘ 
consisfcs' of  epithelial .  cels, '  namely  those  of  Hassali’s  corpuscles  and 
those  which  form  the  reticular  tissue  ;  a.nd  that,  they  are  not.  develop¬ 
mental  remains  but  undergo  ,  increase  in  ,  number  after  birth  and 
especiaUy  in  conditions  of  hyperplasia.  The  absence  in  the  thymus 
of  germ  centres  and  the  lymph  paths  and  sinuses  of  lymph  nodes 
is  also  a  noteworthy  point.  In  view  alike  of  its  origin.,  its  structure, 
and'  its  reactions,  the  thymus  cannot  be  regarded  merely  as  a  mass  of 
l3miphoid  tissue,  hut  it  is  noteworthy  that  it  behaves  similariy  to  the 
lymphoid  tissues  in  involuting  under  the  influence  of  a^drenal  gluco¬ 
corticoid  hormones.  Although,  the  weight  of  the  gland  in  .relation  to 
that  of  the  body  is  greatest  at  the  time  of  birth,  the  gland  afterwards 
undergoes  a  steady  increase  in  s.ize  and  the  iiia:ximum  actual  weight 
.occurs  about- the  fifteenth  year.  Thereafter  involution  sets  in,  aiid 
it  is  to  he  noted  that  the  beginning  of  this  is  related  to  puberty  and 
not  to  rthe  completed  growth,  of  the  bo.dy-  This  fact /  .suggests  an' 
intimate*  relationship  between  the  thymus  and  the  gonads,  and  experi¬ 
mental  results  have  confirmed  such,  a  view.  It  has  been  shown  that 
castration  of  young,  male  animals  prevents  the  u.sual  involution  of  the 
th3nQaus.  The  converse  experiment,  removal  of  the  thymus,  has  given 
contradictory  results.  Some  .experimenters' have  found  that  hyper¬ 
trophy  of  the  testes  follows,  whilst  others  record  atrophic  change  with 
increase  .of  the  interstitial  cells.  .As  will  be  described  below,  abnormal 
-enlargement  of. the.th3n2ius  or  persistence  of  the  thymus  is  sometimes 
accompanied  by  hypoplasia  of  the  genital  glands.  . 

The  foflO'Wing  weights  (in  grainmes)  of  the  thymus  at  difierent  periods  of  life 
are  given  by  Hammar.  The  figures  within  brackets  are  the  weights  of  the  paren¬ 
chyma  alone.  At  birth,  13-26  {12-33) ;  1-5  years,  22*98  (19-26);  6-10  years, 
26-10  .(22-08) ;  11-15  years,  .37-52  (25-18) ;  16-20  years,  25-58  (12-71) ;  21-25 
years,  24-73  (4-95) ;  26-35  years,  19-87  (3-87) ;  36-46  years,  16-27  (2-89)  ;  46-55 
years,  12-85  (1-48). 

Rowntree  and  his  feUow-workers  found  that  when  thymus  extract  is  adminis¬ 
tered  by  intraperitoneal  injections  to  rats  in  successive  generations,  there  occurs 
’  acceleration  in  the  rat©  of  growth  and  development,  whilst  the  onset  of  adolescence 
is  hastened  ;  the  young  rats  breed  at  an  earlier  age  than  the  controls  and  have 
larger  litters.  The  condition  produced  is  ^sentiaEy  one  of  precocity  ;  there  is 
no  increase  in  the  ultimate  size  of  the  adults.  Later  results  have  shown  that 
injection  of  the  females  alone  is  effective  in  producing  precocity.  These  changes, 
slight  at  first,  increase  in  successive  generations  and  ultimately,  about  the  seventh 
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te.x,t™bo():k,  of  pathology 

•  JV  V  ,M'y  Mt-rikiny  <^ii,ar<wvi(vr.  Thovo  in  t  hiw  an  analogy  to  what 


oofirna‘«l  I 


an'  aiiH’h  rnnrt'  in  ili 


'(>nn(M*ii<’U  with  (ho  piraail  gland,  l)ui.  tla^  oltoctH 
(•svso  ol'  ila?  i.liyrnns.  hhow('  f(^M\dla  luua^  not  boon 


i,M*  workora  and  liuMr  Hignilioanoi'  is  donblbil. 


Status  Thymico-Iymphuticus.  Tliis  condiUoii,  ofl,cn  Hpoken 
of  a.H  ba/ks’  hiwplialiriis,  law  lor  loiio  ooc.upica  a,  ynnmwub  place  in 
(lu*  'nnih(il(an'cal  lilonil.nrc  of  various  c.ountrH^H.  'I’ill  roc.onUy  it  has 
hccn  .n-ncniily  bcliovi'd  tliat  Ihyuru^  (uilargcmcut  in  a,Mso<uati()n  with 
,„.noral  Ivmpixhda.l  h vporphisia  loads  to  a,  tcud.MK^v  to  sudden  .loath  ; 
bid  an  (‘ularo.'d  tlivuvus  is  ..rt.'ii  a, coopted  as  a  sudiciout  oxi.lanatum 
■of  the  latter  Thi.  suhic.il,  has  hocii  .Titically  iuv.'stiftatod  by  a 
Oonimitl'.ai  of  the  l’a,thoioKi(^a.l  Society  of  (Jrcat  Britain  and  Ireland 
and  ol’  Ibo  Medical  Bcs.iarch  Oounc.il,  a.nd  niaaiy  of  (bo  supposcjd  facts 
ha.vc  not  stood  the  a.p|>li<’ation  of  methods  of  statistical  eiupury.  It 
will  1>.‘  best  to  ftivo  (Irsl.  a.n  a.ccount  ol  the  condition  a.H  it  has  been 
ccn.-rallv  accciitcd  an.l  then  the.  main  (indiuKs  of  the  Oommittco. 

In  certain  indivi.lmUs,  sudden  doal.h  is  apt  to  occur  under  such 
condit.ions  a.s  Kui>cra,l  amosthesia,  trilling  injuries,  immm-sion  in  cold 
water  sudden  Crifibt.,  etc.  l'.■cblc  resisting  power  to  in  lections  has 
also  been  noted,  d'hese  sta,t.<',monts  hold  esp.ieuilly  with  regard  to 
children  though  a.  simila.r  tendency  is  met  with  in  adults.  In  many 
eases  the  thymus  has  been  <l.-serib.-d  as  b.-ing  enlarged  but  there  is 
no  .loubt,  tbat  such  a  sta.teme.it  is  often  the  result  of  want  o  know- 
1, Meo  of  the  normal  sf/,e  of  the  h<-a.lthy  gland  at  the  particular  age. 
Lvmphoi.l  hyperplasia  has  also  b.'.m  met  '^■1'''-  '“y ' 

mnih  .ba.ng.'s  a.s  .■nla.rg.'m.mt,  of  the  t.onsils  and  ol  bo  lolhclcis  at  the 
root  of  the  tongue,  of  tbo  m<'S(>n(.erie  glands  an.l  l.y'>dy<yl  of 

the  alim.mtarv  t.ra.d.,  .be.,  t.lu-  .lisl.ril.uti.m  varying  ...  .hlToront  eases. 
Lymplmid  f.)il..d.vs  ha.v.-,  a, Is.,  be.m  .los.-rih.'.l  in  abnormal  situations, 
e.l.  in  the  liver,  ki.lneys  an.l  b.,n.oma..T.,w.  In  a.l.l.ti.m  there  have 
l,wn  ..eeasi.mally  fo<ui<l  abn.)rma.lit.ies  m  .itlmr  Hystems. 
thes.,  may  b.,  m.mti.m.M  hyp.iplasia  of  tb.,  ehromab.n  system  and 
als..  ill  H(',me  ..as.-s,  hypoplasia  of  tbo  g.mital  glan.ls  al.mg  with  altora- 
ti.mB  in  t.lm  s.won.larV  s.-xual  .•baraoters.  In  son...  ..ays  again  hypo- 
Ish. bf  tl...  aorl,a,  a, ml  its  bramb.-s  has  b...-.,  i:.,im.l.  'flmre  is  no  doubt 
that  enla.nmm.ait  of  t.lm  thymus  is  nub  with  in  the.  majority  of  oasu 
of  e.xophtbalmie  goitre,  an.l  it  o.H.a,si.,na.lly  .le.a.rs  n.ls.>  ''Y“nrbv 
,n  h..tb  .lis..r.l.-rs  it  is  ,..,t  impr.,babl..  (.hat  it  is  ^ 

diminish.^  s.‘e.Hbi.m  .,f  a.lreual  gh....>..o.b.eo..ls  .,w.ng  t.  a  lowoyd 
..  i^  .,f  a.lr.mo.,.,r(,i..,..t.r.,phie  h.,rm.mo,  th.i  a..b.v.t.os  of  t  o 
d  a  y  being  .liv.-ibe.l  id.mg  ..t.hrn-  .banuels.  Thymic.,- ym, to 
Iwolution  u.i.lbr  the  inllu.m..,.-  of  gl.mo.mrti.mi.ls  is  . 

and  if  finblmr  w<,rk  shoul.l  slmw  t.liat  the  eon  vers., 

thymioo-lymphatic  hyp.-rplasia  is  a  t.rm,  A  fto  suS 

hypofimctVicm,  it  might  b.,  possihlo  to  explain  the 

<lcath  in  ionns  of  mlronal  eortioal  insufficioncy  loading  to  inadequate 

rOBpOXlHO  to  Htl’OHH, 
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The  relation  of  these  various  changes  to  one  another  is  undoubtedly 
an  intricate  question  and  can  be  determined  only  by  properly  controlled 
statistics.  The  analysis  of  the  data  collected  bj’  the  Conunittee  has 
been  published  by  Young  and  Turnbull,  and  the  following  are  some  of 
the  chief  conclusions.  The  figures  obtained  show  that  an  abnormally 
enlarged  thymus  cannot  be  considered  by  itself  as  indicative  of  status 
thymico-lymjihaticus.  There  is  little,  if  any,  association  between  the 
weight  of  the  th3rDius  and  the  amount  of  i5Tnphoid  tissue  in  various 
parts  of  the  body,  and  no  definite  evidence  of  an  association  between 
an  abnormally  large  thymus  and  a  general  hyperplasia  of  lymphoid 
structures.  Evidence  is  also  wanting  of  an  association  between 
arterial  hypoplasia  and  an  abnormally  large  thymus.  The  general 
conclusion  of  the  Committee  is  that  the  facts  which  have  been  ascer¬ 
tained  afford  ‘  no  evidence  that  the  so-called  statics  thymico-lymphaticus 
has  any  existence  as  a  pathological  entity.’  This  does  not  imply 
that  there  is  not  a  constitutional  condition  of  low  resisting  power, 
with  tendency  to  sudden  death  on  slight  injuries,  etc. ;  simply  that 
it  is  not  possible  to  relate  it  defimtely  to  thymus  and  lymphoid  hyper¬ 
plasia.  There  is  a  statuis,  but  it  is  not  Justifiable  to  call  it  thymico- 
lymphaticus. 

Other  Chang.es.  Lesions  of  the  thymus  in  the  various  other 
diseases  are  of  rare  occurrence.  One  of  the  most  important  points 
is  that  the  gland  is  greatly  influenced  by  the  state  of  nutrition,  and 
that  in  conditions  of  marasmus  and  wasting  diseases  in  children  it 
may  undergo  rapid  and  marked  diminution  in  size.  The  cortex 
undergoes  the  more  marked  atrophy,  the  smaU  round-cells  become 
diminished  in  number,  and  at  the  same  time  an  accumulation  of  fat 
and  other  hpoids  occurs  in  the  reticulum.  At  a  later  period  there  is 
overgrowth  of  the  supporting  fibrous  tissue,  and  thus  sclerosis  may 
result.  It  may  be  mentioned  that  the  thymus,  like  lymphoid  tissue 
generaUy,  is  very  sensitive  to  the  action  of  X-rays;  degeneratwe 
changes  occur  in  the  lymphocytes,  which  may  become  destroyed.  U  e 
may  add  also  that  in  early  life  the  thymus  has  great  powers  of  regenera¬ 
tion,  as  is  seen  when  a  part  is  removed.  Hyperplasia  or  tumour 
grorrth  in  the  thymus  has  been  observed  in  a  considerable  proportion 
of  eases  of  myasthenia  gravis  (p.  938)  and  thymectomy  has  some¬ 
times  been  successful  in  reUeving  the  symptoms  even  when  the  gland 
has  appeared  normal  (Keymes).  Enlargement  of  the  gland  os  occa¬ 
sionally  met  with  in  lymphatic  leukaemia,  and  also  in  Hodgkms 


*^Trpyaemic  conditions  suppurative  foci  may  occur  in  the  thymus, 
and  occasionally  an  abscess  may  reach  a  coi^iderable  size,  la  sypMis 
and  tuberculosis  the  gland  is  comparatively  seldom  affected.  SmaU 
nodules  may  occur  in  it  in  acute  general  tubercul^osis,  and  occasion- 
aUv  caseous  masses  are  present  in  association  with  di^se  of  the  neigh¬ 
bouring  lymph  nodes,  but  it  is  noteworthy  that  the  latter  may  be 
extensively  involved  without  lesions  being  present  m  the  thymus. 
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Tiiiiioiirs-  IVlalif^tuiiil  |i;rc)\vihH  of  tho  ihynuis,  whicli  aro  coni- 
jKinii'ivi^lv  ran\  n  va.rii'^iy  of  Hij'U(‘.iural  foa-turos.  Tn  some 

(•a,s<\s  t.!u‘v  a.ro  aoinposcu!  of  okiss^^h  or  si^viods  of  polyhcMlra!  or  elongated 
(udls  a^nd  a,r(^  ahairly  ean‘in()ma.ia.  arising  from  Uu^  (H^llsof  the  epithelial 
r(di(‘n!um  ;  oc’.ea.sionally  is  forauiiion  of  lla.ssa,irs  (iorpusdes. 

In  on(^  or  two  (ra.s(\s  ofsueh  growths  Wn^.  syndrome  orChisliing’s  pituitary 
bas(iphi!ism  lia.s  Ixam  pr(%s<ait  and  has  been  hyalinisabion  of  the 

basophil  <‘ells  of  {h<‘  anterior  iob(‘  of  tbe  pit.uit,a.ry.  In  otJua's  the 
('(‘Us  art^  moie  isolated  and  tluar  (^.piBudial  ('.ha,rae,ters  a,r(^  l(',ss  easily 
na-ogniscsl  ;  they  an',  aecompanitsl  l)y  a,n  a.!)unda,nt-  growt-h  of  lynipho- 
<-yt(‘S  with  n'iieuluin  formation.  Again,  tbe-  growt-h  may  pn^sent  the 
features  of  a.  lym phosareoma.,  being  (a)jnpos<al  of  masses  of  e.elhs 
n‘S<'mbling  lymphocytes,  though  laagyr  e.cdls  with  lobahc'.  or  (‘.onvolutcd 
nuelei  may  lu',  intc'riuingh'd.  Othc'rs  havc^.  the',  eharaeters  of  lynipho- 
(‘pithc'lioma,  and  it^  is  cairious  tbaf,  in  eont.rast-  t.o  such  growths  in,  the 
nasopharvugesd  rc'gion,  thymic^  lymphoa^pithc^liomaha,  an^  relatively 
biaiign.  Thc^  n^al  nat  ure'  of  t-hc'  growth  may  lx's  doubt.ful  ajul  the  term 
dhymomad  is  eonvc'nic'nlJy  a.)>plicd  to  iueiudc'.  niahgnaait  tumours  of 
th<‘' thymus  in  gc'iu'rah  A  thymoma,  som('t.im(^s  forms  a.  large  mass 
in  front,  of  the  hesui,  and  it.  givc's  rise',  to  lymi)ha,tie  infilt.ratioii  and 
imjjUeation  of  thc^  lymph  node's,  sonu't.imc's  a-lso  t.o  growths  in  iidernal 
organs.  Spiudlc'oah  sa.reoma,  also  ha.s  bc'en  notcsl.  No  single  typo 
of  t.hymoma.  is  c'spc'eially  assoeia.ted  with  myastheuna,  gravis. 

d'lu^  oc’eurn'nc'C'  ol  nuiltiplc'i  c’VstiS  linc'd  by  c'iliat.cxl  (’ipitheUum  in, 
the  thymus  lias  bc'cm  rc'rordc'd  by  dith'.n'.nt  observers.  Their  origin 
is  doui>tful  ;  it  has  besm  aHca'ibcMl  by  some',  to  the  epithelium  of  the 
thymus,  by  ot-bc'rs  to  dishuaUnd  ('pit.hc^lium  from  the  traebea. 
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Abdominal  pregnancy,  982 
Aberrant  cells,  222 
Abscess,  formation  of,  65 
Abscesses,  biliary,  656 
cerebral,  726 
cold,  92 

extra-dural,  726 
miliary,  178,  344,  728, 
858 

tropical,  654 
Acetone  bodies,  1035 
Achalasia  of  intestine, 
613 

of  cBsophagus,  559 
Achlorhydria,  497,  582 
Achlorhydric  anaemia,  496 
Acholuric  jaundice,  479, 
676,  682 

—  acquired,  482 

—  ansemia  of,  479 

—  hereditaiy,  479 

—  spleen  in,  481 
Achondroplasia,  917 
Achylia  gastrica,  489,  566 
Acidosis,  840,  1035 
Acquired  cysts,  284 
Acromegaly,  1007 
Actinomycosis  {see  various 

organs),  86,  99 
foamy  ceils  in,  86 
Active  hj^ersemia,  1,  50 
immunity,  186 
Acute  inflammation,  50 
—  varieties  of,  60 
osteomyelitis,  889 
periostitis,  892 
Adamantinoma,  209 
Adaptation  syndrome, 
526,  1056 

Addisoniaja  ansema^^^i^, 

'  Addison’s^****®sease,  1 55, 

Adenocarcinoma,  238 
Adenolymphoma,  218 
Adenoma,  216 

intracanalicular,  989 
pericanalicular,  989 
'  toxic, '1025 
Adenomyoma,  961,  969 
Adenosine  triphosphate, 
■  "43,  822 


Adherent  pericardium, 
366,  379 

Adiposis  dolorosa,  931, 
1012 

Adiposity,  pathological, 
138" 

Adrenal  apoplexy,  1052 
hyperfunetion,  1053 
h3rpofunction,  1049 
virilism,  1053 
Adrenaline,  4,  301,  1049, 
1052 

deficiency,  1052 
Adrenals,  1046 
accessory,  1058 
in  Addison’s,  disease, 

1051 

congenital  abnormali¬ 
ties  of,  1058 
degenerative  eh,anges 
in,  1055 

hypoplasia  of,  1058 
inflammatory  changes 
in,  1055 

and  sexual  glands,  1054 
syphilis  of,  1056.  , 
tuberculosis  of,  1051 
tumours  of,  1057 
Adrenocor  t  i  c  o  t  h.r  o  p  b  i  c 
hormone,  926,  1003, 
1006,  1046 

—  eosinophils  and,  77, 468 
Adynamic  ileus,  607,  609 
Agglutinins,  189 
Agony 'thrombus,  23 
Agranulocytosis,  192,  4.70 
Air  embolism,  33 
Albe,rs-Schdnberg  disease, 

550,  916  ;  . 

Aibumin-globulin  ratio, 
in. liver  'disease,  684 
■ —  in  myelomatosis,  554 

—  in  nephritis,  855 
Albuminous  degeneration, 

■  135 

Albuminuria,  821,  834 
Albuminuric  retinitis,  844 
Alcohol  and  fatty  changes, 
139,  647 

Alcoholic  cirrhosis,  646 
neuritis,  776 
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Aleiikaemic  leukemia,  5:07 
Alizarine,  168 
Alkalosis,  608,  1043 
Alkaptonuria,  157 
Allergy,  193,  196 
Amidopyrme  and  agran- 
ulocjd-osis,  471 
Amcebic  abscess  of  liver, 
654 

Amyloid  degeneration, 

‘'147 

causation  of,  150 
Congo  red,  stain  for, 
148 

experimental,  151 
.localised,  151 
nature  of,,  151 
nephrosis,  150,  847 
Amyotrophic  lat'Cral  scler¬ 
osis,  768 

Ansemia,  aehlorhydrie, 

496 

of  acholuric  Jaun'dice, 

'479 

achrestic,  495 
Addisonian,  484 
of  ankylostomiasis,  499 
aplastic,  500' 
bothriocephaliis,  4.95 
cardiac  output  in,  491 
chlorotic,  498 
erythroblastic,  504 
hsemoglobin  in.,  460 
hsemolytic,  476 
— ■  of  newlaom,  503 
hypochromic,  497 
local  (isehsemia),  14  . 
malarial,  505- 
.Mediterranean,  504 
megalocytie,  484 
■ —  varieties  of,  494 
microcytic,  497 
osteosclerotic,  502 
pernicious,  456,  459, 

"■  ^4  ■ 

post -haemorrhagic, ,  474 
pseudo-leukaemica  in¬ 
fantum,  504 
refractory,  501 
secondary,  475  , 
sickle -cell,  481 
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spli'iiic,  499 
I  \‘ j )('s  ,  *1 7 A 

\'(n»  Jaksch':-;,  kO  j 
Anaajiias,  of  inCsuK'y.  502 
(*ln;<:aru’a.t  i(>n  ol  ,  473 
Atiioiinir  anoxa-tnia,  7,  401 
17 

Anaphylaxia,  105 
lii.'-'.l  anunr  i»>,  1  Oa 
1 1  Mui)stanta'  in,  I 
in  liuiHun  :iuhj<'<4  ,  14)5 
{>a:•i^avt\  105 

Auaplaaia  iu  (  uinnur^;.  22 1 
AnasiU’<’n.  54 
Ani'taa'-piuily ,  7SI 
Ajuairyatnai  varix,  510 
Anniiry^'m^a  517 

nl'  aorin,  3 15 
ntal  alht'i-onia,  201 ,  515 
caiiMatiau  oj*,  3!4 
(MM*('bnik  51H 
<*irH<)i<k  522 
aonj.'iatntak  5  I S 
OisstM't  iti;.':,  510 
<4Tn(4a  <4',  5  I  5 
of  1  lio  Ijoart ,  54  1 ,  545 
-  .  va-Ivnt-i,  554 
II  tfVi'l  i VO,  514.  517 
tniUary,  51 H 
iny<’<4  io,  52,  5 1 7 
in  ]>olyari<'rt1  in,  5 1 1 
of  pulrnoimry  ariory, 
514,  454 
riMaaaoHo,  522 
rapl  uro  of,  517 
l.ruuina,(-i(\  510 
variol  ioH  <)1*,  514 
Angitia-,  aj[<noiol<)(‘yli<** 
471 

pi'ot  oriH,  54  i 

Augio  on(lath<4ionui,  225, 

255 

Aiigionat,  laipilbiry,  21  1 
caivornouH,  2 1 1 
pk'^xirorna,  21 1 
viaioUH,  2 1  I 

Angiotunirolfio  (adiaua,  5H, 
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AngioHH'nManu,  225 
Atigular  ourva4.uns  805 
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AiaiHtH*yi<>HiH,  450 
AakyloHioiniaain,  a,uaauiti 
no  400 

AuopluOoiH,  505 
AuoxaatJia,  aiuaruia,  401 
anoxia,  5H5,  400 
co,ugOHtiv(s  585 
variotioB  of,  7 
Aatorior  poUornyiOiiaa, 
748 


Aoilux'U'osis,  Hi4,  423 
("ooa.l  (anphyaonui  iti,  125 
inassi\<'  lihmsis  in,  ‘124 
An.i  lira  x,  0<M) 

Ant  i  laxiioa,  188 
nailin' of,  102 
aito.  ol"  pi’odiu'l-ion  of, 

102 

spcM'irM'ily  of,  187 
Aoli.yon,  187 

protoin  oonjugaloH  an, 
187,  108 

Aoliloxins,  188 
Aorta,  aiH'uryHm  of,  3IS 
at li(M*(Uua.  ol',  290 
oo  arctal  ioii  ol',  500,  577 
mi'll ioiu'rroais  o(‘,  520 
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521 

rupt  iiri'  of,  520 
ati'iioaia  of,  500,  577 
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Aorlir  Imlb,  mallbroia.- 
l  ion,  of,  575 

i  iici  anpol  i'TK'o,  <4  Nh'Ih 

of,  558,  505 

HtonoHia,  oKi'I'Im  ol,  J15S, 
505 

A  b  b  priori  pin,  081, 
1005 

Aplaalii*  amomia.,  500 
Apopli'i’l  ii’  ryMf.  7  1 5 
Apopli'xy,  708 
aiin'oa,!,  l0f>2 
.Appc'odii'il  is,  arulo,  585 
obsl  rtii'l  i  VO,  587 
oUronir,  588 
and  oom’n4  iim,  580 
oliology  of,  580 
gaogronooa,  587 
roHidls  of,  588 
Appondioular  obslaao'l  ion, 
aouio,  587 

Appomlix,  onn-inoid  of, 
0,10 

{•onrn't ions  in,  587 
infkunuail  iotiH  of,  585 
nuH'Ooolo,  588 
in  I  uborruloHiH.  005 
tumonPH  of,  010 
in  t.yphoi<l,  504 
vis’iniform,  585 
‘  ArgiaitaOita^  ci'IIh,’  010 
Argouianinoma,  filO 
Argyll-  RubortHon  pluau)- 
inonoa,  742 
Argyria,  skin  In,  105 
Anmlk  vonuf  {kaaaxyyfoH), 
407 

Arrh<amblaHtonfia,  070 
Amonif.  oj)ii4udunna,  205 
AtHonuuU  poisoning,  507, 


A  rso  n  i  u  ro  M  ad  1 1  y  d  n  igoi  i  ^ 

poisoning  vvifb.,  081 
Arfi'i’ial  by poraania.,  1 
by pi'i’l (nins,  205 
by porlropby,  287 
ol isiri i(‘4  ion,  rcssulfcH  of, 

,1 5 

incomplofo,  22 
(ibrombosis,  25 
Arli'rios,  28(s» 

ainyloiil  disoasr'  of,  147 
a,t  b('ronui  of,  289 
(>a4oili(*al4on  of,  107, 
500 

I'aJoiuin  in,  280 
fa,t4*y  d(^g<ai<a*a4.ion  of, 
280 

blirosis  of,  288 
byaliuci  (‘Inin, go  in,  294 
by  pi'rfropby  of,  10, 

■  287 

oMsilioal'ion.  of,  500 
rbou,ma,l4<*  diKiviso  of, 
507 

spasm  o(',  15,  515,  820 
syj)li,ilis  of,  302 
llirombi  in,  25 
fulH'ri'idosis  of,  508 
Arlariidifis,  pulmonary, 
507 

Arfi'riosi'ka’osis,  280,  294, 
515,  82r>,  1058 
oliology  of,  208 
('xp('rimonfa.l,  200 
witliouf  byportonuH, 
500 

kidru\ys  in,  820 
in.  nopbrii-is,  84  1 
Hma.ll  a.rfori(^H  ia,  290 
Arli'rifis,  gia.rd;'C.oll,  512 
t(^mporal,  512 
Arl-hritis,  a,<'uby  922 
chronic  025 
chronica,  a-dhosiva,  925 
dcfornuiiUH,  927 
gonorrhmal,  024 
rhounuilic,  022 
rhounmt.oid,  925 
Huppuiaitivo,  024' 
syphililic,  002 
fuborculous,  890 
Arlhus  pluMionuHion,  196 
Asbostosis,  j>nhm)nary, 
427  .  . 

Asoinwling  <log(axorationB 
of  spinal  cord,  702 
Aschcam-liConih'ik  toHt  foi? 
prcigiuuK'.y,  240,  948, 
081 

Aschoff  bodies,  549,  578 
Ascift^H,  15,  50,  025 
chylous,  58,  529 
AHpoVgilloHis,  101 
Asphyxia,  local,  B,  315 
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Asthma,  197 

bronchial,  398,  468 
cardiac,  369 
Astrocytoma,  788 
Astroglia,  697 
Ataxia,  Friedreich’s,  769 
locomotor,  740 
Ataxic  paraplegia,  771 
Athelia,  989 
Atheroma,  289 

and  aneurysm,  291,  315 
calcification  in,  292 
causation  of,  293 
cholesterol  fat  in,  291 
effects  of,  292 
of  pulmonaiy  artery, 
293,  398,  401 
thrombi  in  genesis  of, 
293 

Atresia  of  oesophagus,  561 
Atrophic  cirrhosis,  647 
emphysema  of  lungs, 
401 

pigment,  631,  702 
pigmentation,  163 
Atrophy,  132 
brown,  163 
cause  of,  132 
disuse,  133 
fibroid,  132 
general,  132 
idiopathic  muscular, 
936 

inactMty,  133 
ischaemic,  331 
of  muscles,  931 
neuropathic,  133,  768, 
883 

neurotrophic,  931 
peroneal,  937 
pressure,  135 
senile,  132 

Auditory  nerve,  tumours 
of,  785 

Auricular  fibrillation,  364, 
373 

flutter,  374 

Auriculo -ventricular 

block,  372 
bundle,  370 
node,  370 
Autolysis,  127 
Ayerza’s  syndrome,  398 
Azotsemia,  838 
'  extrarenal,  837 
Azotaemic  type  of  neph¬ 
ritis,  801,  808 


Bacillary  dysentery,  596 
Bacteraemia,  177,  356 
Bacterial  endocarditis, 
■;  ■■  ■354;  .  ■ 

—  spleen  in,  524 
Bactericidal  action,  57 


Bacteriolysis,  190 
Bacteriotropin,  191 
Bagassosis,  429 
Ball  thrombus,  24,  360 
Banti’s  disease,  499,  529 
Barlow’s  disease,  910 
Basal- cell  epithelioma, 

245 

Basal  metabolism  in  ex¬ 
ophthalmic  goitre, 
1021 

Basophil  leucocytes,  80, 
472 

Basophilism,  pituitary, 
1009 

Bence-Jones  protein,  553 
Beri-beri,  775 
Beryllium,  effects  of,  429 
Bile  ducts,  congenital  ab- 
normahties  of,  652, 
674 

—  infection  of,  656, 674 

—  inflammation  of,  656, 

‘  674 

—  new  formation  of, 

644,  652 

—  obstruction,  of,  652, 

665 

—  tuberculosis  of,  659 
• — tumours  of,  675 
pigment  .stones,  671 
pigments,  162,  631,  675 
salts,  672  . 

Bilharzia  hsematobia,  265, 
875 

Bilharziasis,  653,  874 
of  bladder,  874 
of  intestines,  606 
Biliary  abscesses,  656,  674 
cirrhosis,'  644,  65.1 . 
pigmentation,  162 
thrombi,  631 
Bilirabin  iiafarct,  163  • 
Black  vomit,  563 
Blackwater  fever,  506 
Bladder,  869 

bilh.arziasis  of,  874, 
calculi  in,  877 
congenital  abno.rmali- 
ties  of,  881 
diverticula  of,  869 
extroversion  of,  881 
hypertrophy  of,  869, 
943 

inflammation  of,  871 
papilloma  of,  215,  879 
tuberculosis  of,  862,  874 
tumours  of,  879 
Blastocytoma,  259 
Blastomeres ,  and  terato- 
'  mata,  '262'  ,  ■  ' 
Blastomycosis,  101 
Block,  auriculo-ventricu- 
lar,  372 


Blood,  451 

calcium  in,  166,  1043 
■  cholesterol  in,  145,  677, 
818,  1016 

coagulation,  .  time  of, 
517,  518  . 

—  and  jaundice,  679 
colloid  osmotic  pressure 

of,  855 

crisis,  462,  486,  499 
destruction  in  spleen., 
523 

development  of  the  ceils 
of,  453 
fat  in,  146 
groups,  45 
myelocytes  in,  471 
normal  values  of,  452 
nucleated  .red  corpuscles 
in,  462 

platelets,  472,  518 

—  and  spleen,  523  . 
pressure  and  adrenals, 

-  1048 

—  .and.  arteriosclerosis, 

287,  295 

—  in.  puimonami.’'  .artery, 

401 

sugar  in,  estimation  of, 
1036  _ 

transfusion,  46 
vessels,  new  formation 
of,  103 

volume,  restoration,  of, 
40  ^ 

—  variations  in,  39 
Blue  nsevi,  248 
Boas-Oppier  bacillus,  581 
Bone,  transplantation  of, 

888 

Bone-marrow,  547 
aplasia  of,  501,  550 
effects  of  irradiation  on, 
550 

erythroblastic  reaction 
in,  69,  453,  487, 

549,,  .. 

gelatinous  change  of, 

■551.  ■,"/ 

hypoplasia  of,,  550 
inflammatory 
.in,  552  ■ 

leucoblastic  reaction 
in,  69,  549 
in  leucocytosis,  549 
in  leuksemia,  511  , 
megaloblastic  reaction 
of,  456,  487 
myeloma  in,  552 
normoblastic  reaction 
of,  454,  462,  475  , 
nutritional  disturbance 
of,  550  _ 
phagocytosis  in,  54Q 
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Boiin-ina-rrovv, 

h>'|)orj)l.M^iia.  of’,  ;>’(S 
t  utiiours  of , 
in  iyplioid  lo\’or,  1)19 
Bojh'M,  882 

in  iU'hondropljitiin,  91  7 

n,rf  Inoin yaosis  of .  902 
airophy  of,  882 
(‘{vri«'S  of,  891 
in  <>}io!ui  rodynl  ropidn, 
917 

in  <’otipynitul  syplidta, 
900 

oynt  H  (»f',  9 1  S 
dist  urhiUH’<'s  of  nntri 
\  ion  of,  909 

in,  rni.f.dld'nH  osiduin,  91  9 
hy  p«'t'i  rophy  of,  881 
ill  infant il<^  aonrs-y,  910 
tnflantinid  orv  <d\n.npt'K 
of,  889 

lipoid  }..p’nnuIotnn,toMis{ 
of,  918 

fHMM'Osis  ol,  890 
in  oatoitin  <loforiniin!i, 

911  _ 

in  oHtoif  i;i  fihroiui,  912 
in  iiapor- 

fdct  a,  91f> 

in  oHl (Wknudacia,  909 
in  pulmonary  oaf  no 
arthropnlhy,  919 
rc'pair  of  fra.olnro,  H80 
in  rirk<ds,  908 
Ho((UOHtruni  <»f,  890,  892 

apooitin  inllininnaltoiis 
of,  89.4 

Huppurn,t  ion  in,  890 
ayphiliH  of,  898 
1  tdan'cidoniH  <d,  89,4 
lunanirH  of,  221*8  918 
xjudJiomaioaiH  of.  918 
Hot ln'io(M‘phnluH  iuunniia, 

495 

BowoiCh  (liKoaHiy  25B 
Hrjidyoardia.,  ninuH,  271 

Brntiil, 

ligouonia  of,  7Hl 

niuonna  of,  707 
nuaMnia  Hoftnning  of, 
712 

Hi’inrial  ohal.rucdioio  in, 

712 

atrophy  of,  702 
niiTulalory  <liKt  urlaiiun^K 
of,  706 

com  prana  ion  of.  7  {15, 

719 

r<mouHHion  of,  705 
(umgoniirtl  itbru)nnaU» 
tw8  off  781 
*  cyatw  *  of*  715 
(logotK^rat  ioi  iH,  primary  * 

m 


Brain  d,t,'g<nu'ra.fiona,  hoc- 
ondiu\\y  098 

d('pon<M’aitii  Vo  <duniigoB 
in,  <)98 

d<anv<9iiuvt-ing  diaonHcxH 
of,  754 

oxt  ra,(lurariuona)rrhago, 
704 

in  {‘tnioral  pandyHiH. 
7,47 

puinnnita.  of,  720 
luoinorj'hago  in,  708 
liydroci'pliaJnM,  717 
inllnnnnation  of,  721 
injurit's  to,  70,^ 
U('r»u<-t('rns,  702 
na'idugil'is  ((j.v.),  721 
nadjihoiisin,  vitamin,  B 
in,  700 

(pd<Mtia,  of,  702,  707 
r<'<l  :;o  ft  on  inf;'  of,  7  1  2 
nd  rop;ra.do  dogc'noini.- 
I  ion  of,  098 
;;u[)pund4on  in,  72<l 
(lyphilis  ol',  724 
(  nhonmloHis  ol ,  7 29 
t  ulxaxadouH  finiHSoH  in, 
722 

( uiuours  of.  782 
vaaoidar  luinonra  of, 
780 

venous  ol)Ht  mot  ion  in, 
707,  7I(> 

virui'i  infoolions  of,  714 
Itrain-MHud  itjmour,  782 
Broant.  [srr  Mannna),  984 
Br<aua*r  t-umonr,  970 
Brigldj’H  diM<a\s<^  (.xoc 
NopUril.iH),  800 
Brodio'n  al>H<’('HH,  891 
Bronofii.  diOdation  <d*, 
392 

inthunmat  ion  of,  2tH)| 
4  12 

(that  rued  ion  of.  29t> 
t  umourH  of.  444 
Bronchia,!  a,<lonoma.,  144 
aKthnni,  292,  408 
<'ar<dnoina,,  444 

nud.aHta.HiH  of,  448 
BronoluoedaHiH,  392,  091, 
729  ^ 

cauHataoti  of,  294 
<'ong<nntn,l,  295 
<d'lo<dH  of,  292 
varied  ioH  of,  292 
Hi'onc'Uiolo(d.a,HiH,  295 
ih'oiu'hitaH,  acuUy  390 
capillary,  290,  4  1 4 
chronie*.  291 
na'mhraawoH*  291 
put. rid,  291 

Brou(dic).piMaux\oni»v,  413 
roKullH  of?  4 10 


fdron  c  1 1 o " ] )n cn 1 1 lu ) n  i a.,  ho p- 
fie,  418 
simplex  4  1 2 
Huppuraia VO,  4  1  8 
t.tjlxa'onlous,  420 
Bron'/,o(l  dialudexH,  1.60, 
101,  04  8,  089 
Brood  (atj)sul('s,  059 
Brown,  atrophy,  122,  102, 

2:t  1 

of  jaxiad.,  22 1 
imlniMlaon,  8 
Bubo,  94,  520 
Bu(M’g(a'’s  disoa.so,  208 
Bidba.r  paa’a.lysis,  709 
B  u  n  ( 1 1  <  \  a  .  u  r  i  <  ‘  i  d  < )  -  V  <  )  U  t  a  *  i  ( •.  n  - 
laax  272 

Burdanlds  ('(>lntnn,  702 
Burns,  44 
s(^plaoaania,  in,  45 
Byssinosis,  4  29 

(la.botfs  ring  bodie's,  402 
<  !a.(dio(d  i<*.  Uaic.oc.yt'OsiH, 

4<>7 

(odeana.,  20* 

( la.o  lu^xia.,  122 

st  rnmipriva,,  101 9 

daisHon  <liH(ai,s<\  707 

dalcilorol,  908 

( laledruMitaon,  1 65 

of  Imarts  225 
of  nteulia.  of  aa'tories, 

300 

nud.nstjdatx  107 
pai  hology  of,  109 
in  lumourH,  1 08 
(hdeiuosiH  ednannHeanid-a, 

1 08 

uni  veM'HidiH,  108 
( la.lcanm  in  blood,  1 00,  915 
<Mirbona4-<^  Hlonos,  071 
nud-aholiHux  aatd  ondo- 
en'iru^  gla.tulH,  1001 
in  ostioitaK  ObroHU, 
914 

a,n<l  Tuuad.hyroidH, 

1042 

-  in  ri(di(d/H,  908 
and  viiaauin  1),  U»0 
<Itd,(adi,  oxidaUx  877 
•  parxcntatac,  090 
ph<>H})hn4a(x  878 
nniail,  875,  880 
uric.  a,cid,  877 
urinary,  875 
vcHicai,  707,  877 
dalhm,  vari(dac*K  of,  887 
(laaiceM*  (wc  ( landnoma), 
231 

^  Clamud’  tai  cniraHHO,’  992 
Banino  hyntoria,  700,  772 
Bapilhu’hw  in  inliaxnma- 
iaon,  52 
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Capillaries,  reaction  of,  3 
sphincter  control  of,  3 
Capillary  angioma,  211 
hyperemia,  2 
thrombosis,  27 
Caput  medusae,  13 
Carbohydrate  metabolism 
and  endocrine  glands, 
1001 

Carbon  tetrachloride 
poisoning,  635 
Carbuncle  of  kidney,  858 
Carcinogenic  agents,  264 
—  and  liver,  270 
Carcinoid  tumour,  616 
Carcinoma  (see  various 
organs),  231 
in  aniline  workers,  266 
blood  spread  of,  234 
characters  of,  231 
colloid,  240 
encephaloid,  240 
epidermoid,  241 
experimental,  266 
familial  incidence  of, 
273 

folliculoides,  975 
glandular,  238 
intraduct,  238,  994 
intra-epithelial  spread, 
238,996 

lympathic  spread  of, 
233 

and  lymphocytic  re¬ 
action,  232 
melanotic,  249 
metastases  in,  234 
mucoid,  240 
oat-cell,  444 
retrograde  venous 
spread  of,  237 
and  sarcoma,  258 
scirrhous,  232,  240 
spheroidal  cell,  238 
squamous,  241 
trans-coelomic  spread 
of,  237 

varieties  of,  238 
Cardiac  asthma,  369,  841 
decompensation,  367 
failure,  341,  343,  367 
murmurs,  363 
cedema,  35,  854 
output,  367 
polypi,  23 
thrombosis,  22,  337 
Cardiospasm,  559 
Caries  of  bone,  894 
Carionecrosis,  895 
Gamification  of  lung,  410 
Carriers,  diphtheria,  174 
enteric,  174,  596 
Cartilage,  repair  of,  112 
Caseation,  90,  128 


Casts,  renal,  varieties  of, 
836 

Catarrh,  acute,  results  of, 

67 

Catarrhal  enteritis,  584 
inflammation,  66 
nephritis,  821 
Caustic  alkalis,  action  of, 
558,  567 

Cell  nests  in  squamous 
cancer,  242 

Cerebellar  abscess,  727 
ataxia,  Marie’s  heredit¬ 
ary,  770 

cone,  708,  720,  792 
Cerebral  abscess,  726 
aneurysms,  318 
embohsm,  713 
haemorrhage,  708 

—  effects  of,  711 
softening,  712 
thrombosis,  712,  716 
tumours,  787 

Cerebro -spinal  fever,  724 
fluid,  696,  732,  740,  778 

—  circulation  of,  696, 

717 

Cerebrum  {see  Brain),  694 
Cervical  carcinoma,  964 
erosion,  952 
Chancre,  94,  96 
Charcot’s  disease  of 
Joints,  739,  743 
Cheilosis,  497 
Chemotaxis,  58 
Chloasma,  156 
Chloroform  poisoning, 
630,  633 
Chloroma,  514 
Chlorosis,  41,  498 
Gholangio-carcuioma,  663 
Cholangitis,  656  , 
Cholebilirabin,  675 
Cholecystitis,  666,  673 
Cholelithiasis,  669 
Cholera,  599 
Cholesteatoma,  791 
Cholesterol,  64,  145 
esters,  145,  ,1034 
feeding,  294,  531 
gaU-stones,  669 
Cholesterosis  of  ,  gall¬ 
bladder,  146,  668 
Choline,  action  of,  631 
Chondrodystrophia  foet- 

alis,  917 

Chondroitin  -  sulphuric 
acid,  151.  ■■ 
Chondroma,  207 
Ghondro-sarcoma,  227 
Chordoma, '257 ,  ' , 

Chorea,  348  _ 

Chorion-epithelioma,  246, 

263,  980 


Choroidal  papiIlom.a,  790 
ChromaflSn  system,  1048 
Ghromatolysis,  699 
Chronic  endoearditi.s,  358 

venous  congestion.,  5 
Chylous  ascites,  329 
Chyluria,  329 
Cicatrisation,  108 
Cicerism,  spinal  cord  in, 
772 

Circulation,  collateral,  1.5 
disturbances  of  {se-e 
various  organs),  1 
Cirrhosis  of  liver  (q.vj, 

644 

—  atrophic,  644 

—  biliary,  651 

—  etio'logy  of,  649 

—  experimental  produc¬ 

tion  of,  649 

—  h5p>ertrophie,  644,  651 

—  Juvenile,  648 

—  monolobuiar,  652 

—  multilobular,  646 

—  pericellular,  644.,  656 

—  syphihtie,  '656 
Ciraoid  aneurysm.,  322 
Cloacae  in  bone,  891 
Cloudy  sweling,  135 
Club-foot,  750 
Clubbing  of  fingers,  915 
Coa.gu.lase,  30,  891 
Coagulation  t'ime  of  blood, 

517,  518 

Co'agulative  necrosis,  1.24 
Cmhac  disease.,  495,  600' 
Colmheim’s  ‘  rests,’  273 
Cold,  effects  of,  ,123 
abscess,  '92 

Collapse  of  lungs,.  4'02 
massive,  404 
Collateral  cireulation,  15 
Colliquative  necrosis,  124, 
.12.6 

Colloid  carcinoma,  240 
casts,  846 
degeneration,  ,154. 
goitre,  1026 
Coma,  diabetic,  1035  , 
Compensatory  emphy¬ 
sema,  415 
hypertrophy,  115 
Complement,  190 
fixation  of,  1'91 
Compound  granular  cor¬ 
puscles.,  698,  '715  ^ 
Compression  of  brain,  705, 

'  718  ■■ 

Concato’s  disease,,  6.22 
Concretions  .in  .appendix, 
.589 

intestinal,  603 
Concussion  of  brain, ,  705 
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l<':ii()n:i  (>r,  370 
<  'oiulurt  ivii  v  ,  in  ( iM'loniniMi 
vvitli.  373 

(7)n}.!,<'nit}il  nbnonnnliiinH 
and  tumours,  273 
(•yuti<*  kidunys,  34  3,  Hti  l 
<*ysts,  3H4 

honri'  <li;-U'nM(',  7,  373 
hydruiT-plialuM.  730 
pyloric  stc-nu^us.  033 
sypliilis,  OS 

of'  1  tones,  000 

o{’  joint;;,  003 
<ti’  liver,  037 
of  lunps.  44  1 
torticollis,  033 
(lun^c'st.iou  {>'!*'('  Hyper- 
icnun),  ! 
nrl<'rinU  I 
t’hnmic  v<'Uou.s.  5 

j,’^(Mlcnd  NM'UOUS,  o 

local  \<numH.  13 
(\)n3L':<'Ht7vc  osloma,  30 
(7>nji,!;o  red  ntain  lor  4uny 
laid,  14S 
(’outre  coup,  703 
(lonvolui  iotis.  (la.tt cuing 
of,  70S 

(looke  I’onder  <‘ount-  (k'U 
co('yl('H),  407 
Cootuhs  t  <'st ,  I  OO 
( 'ot>roporphyrin,  100,  77H 
(’oronary  urtericH,  knutatu 
‘  (,r.  3,46.  33 H 
otTect;!  (»r,  3  1 1 
omboliKin  uf.  337 
thrumhosiH  <d‘,  337, 

345 

Oorptu’n.  ^unylneea*  153, 
743.  044' 

(k>rpuH  lut-eiun  ('yat^H,  OOH 
(lovrignuV  pidne,  303 
(loJTOHivii  puisnUH,  t4fe(’t.a 
of,  507 

Hublirnatt'  poiHuidug, 

B2'l 

(lorUcoHtc'romn  104  0.  1052 
(kuOinmie,  1040,  1052 

(Ininiu  .phm'vo.gi(nnH,t  a. 

.  701  ■  *■ 

(IrtO-iiuHiu,  (niihanlc,  1021 
Hpura,di<^  1 010 
(IriniH  iu.  fever,  IHl 
in  pntntiueiua,  400 
(JruupouH  inthnnnud.iun, 
01 

pneutuuuiiu  404 
(jyauOHin,  7,  400,  401 
<,Jyanet<ic  iiubind-ioiu  H, 
11,307,707 

( lyHitMkaronui  1  )Hett<  lu  - 
madnoHUin,  000 
HWOUM,  071 


(  b'st  i(‘  mk'nom^i  t  a ,  217 
h\7';i‘einn  ol’  I  bei  lUH'k, 

'  3 1  I 

kidne\s,  H  I 3,  S04 
liver,  t)f)l 

{ ’yjit  in  ealenli,  S77 
( ’ysi  it  is,  s<'pt.ie,  S73 
(lysis  (.'vcr  various  orga/us). 
2H3 

a<Mjuir('d,  3H4 
apopk'et  i(\  7  lt> 
of  lK»ue,  0 1  H 
<*oug:(aut.al.  3H4 
diM'inoid.  3S4 
<''Kudat.ion,  3Hr> 
iivipkud  a.i'iou.  3H,5 
lutviu,  OOS 
pa.ra;4l(ie,  2Si> 
parovarijiii,  07!t 
rol(ud.ion,  3S5 
t  luM’a  -lut ('in.  OtkS 
1  byro  glo;^;ad.  1 033 
(ul)o  ovarian,  DOS 
('\dolyt.ie  lu'cnKUS  of  liv<'r, 

638 

( ’ytomatn.,  301 ,  221 
eontu'ct i\'e  1  iMmH\  223 
epit  b(4ial,  2,41 
of  leueoeytt'  forming 

l.iHHtK'H,  353 

varieties  ol',  222 
(lyto  sidi'rosis,  103.  050 

I  )ael  vbfis,  1  ul>ei*<Md<HiS 
(afnimous),  805 
Diadli,  e<41ular  (.vrc  Nre 
erosis).  133 

I  )e<'ompens}d  ion,  eHrdiat% 

367 

I  )<derv(*seeiuM\  1  SO 
1  )egiMierat  ion.albutninouH, 
135 

iunyloi<l,  147 
e{dloi<l,  154 
dropsienl,  137 
fuffy,  140 

eauHcK  of,  142 
fusemts,  103 
HyaOut',  152 
lipoidab  144 
nmeoid,  153 
panaadiymuloim,  135 
pigmetdnry,  15f> 
rei.rogratky  of  bra.iu, 
OOH 

KiU'oUH,  137 
I  K'tJ:<aua‘a.f  ions,  121 
I )(4iy<irafion,  43 

in.  Intt'Hliunl  obsfrtie- 
lion,  008 

prtnuu'y  <‘elbdar,  H4H 
sts’ondary  ('Kfractdlular, 
840 

l)(4Ki  Hore,  101 


1  )<an<'nf ia.,  sraiile,  712 
I  )<Mny<4i nailing  disenseB, 

7  54" 

!':)( vnyved i  na,f ion,  744,  755, 
757 

Dinulrifie  eolls,  155,  240, 
252 

Deniigerous  eysb  308 
Divi’ennds  diHea.siy  031, 
1012 

! ) ( S’  m  ai  i  f  i  s  1 1 e  r|  H  vl. i  fo  r jt ni  h , 

ir>s 

Ki\\ H >s i ’s  viVirieelli form, 

753 

1  )('nna,liO!nyosil.is,  033 
Dermoid  eysl',  281 
I  )('He(aiding  degenonitiinns 
ol'  spinal  e<>r<l,  701 
1  )<s\'aMeula,risail  i(m,  I  OS 
l)ia.bet<'S,  1033 

broir/od,  lOl,  018,  080 
eoma.  in,  1035 
expia'inaad  ak  1030 
fids  in,  1035 
indammafory  eon  d  i  - 
fions  in,  (1)30 
insipi<lus,  1013 
k<4ionuria,  in,  1035 
lipoi<ls  in,  1034 
n,<Mn’'il  is  in,  770.  1030 
pblorid'/in,  1037,  104 1 
,1  )in,(M'l  ie  n,eid,  1035 
I  )i?ip<a  k'SiH,  14,  50 
of  red  eorpns(4(’'H,  23,  56 
1  )iaiph.yse'a.l  a,ela.Hls,  018 
I  )ia.HfaH<'  in  uriiuy  080 
I )ilafa.t'ien  of  bronelii,  392 
of  Imarf,  3(i2 
of  {esoplingus,  550 
of  vi'id  rieU's  of  bruin, 
718 

I )iplilih<a‘ia.,  385 
etirrim’H,  174 
luairti  in,  343 
of  larynx,  385 
niairil  iH  iu,  770 
Disseefing  antiurysm,  319 
I  >iHsemiiud'e<l  m.'^tditiB, 
700 

Hcde-rosis,  757 
l)iHHO<’ia,fed  scaisaXion,  774 
DiHlempia*.  demyidinution 
in,  750 

Disfeusiou  (‘-ysfs,  285 
I  lisiurba, ol'  circula¬ 
tion,  1 

of  nul-ritiou,  131 
Disusi^  a,tro()hy,  133 
Diver’s  pU/lsy,  707 
Diverticulu  of  bladder, 
800 

of  inXestinoH,  500 
ul‘  msopbaigUH,  550 
ol'  Hinitmch,  583 
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Diverticulitis,  590 
Diverticulosis,  590 
Dopa,  155 

Dropsical  degeneration, 
137 

Dropsy,  34 
Dry  gangrene,  131 
Duct  carcinoma,  994 
papilloma,  990 
Ductus  arteriosus,  pat¬ 
ency  of,  376 
Duodenal  ulcer,  570 
Dura  mater,  inflammation 
of,  721 

—  syphilis  of,  735 

—  tuberculosis  of,  732 
Dwarfism,  1012 

in  achondroplasia,  917 
renal,  845 

Dye  workers,  bladder 
cancer  in,  266 
Dysentery,  596 
amoebic,  597 
bacillary,  596 
ileo -colitis  in  infancy, 
597 

Dysgerminoma,  977 
Dysmenorrhoea,  mem¬ 
branous,  954 

Dystrophy,  muscular,  134 

Echinococcus  hydati- 
dosus,  660 
multilocularis,  660 
simplex,  660 

Eclampsia,  puerperal,  634, 
797,  819 
Ectropion,  953 
Edema  {see  (Edema) 
Elastic  tissue,  repair  of, 
112 

Electricity,  effects  of,  123 
Electrocardiograph,  370 
Elephantiasis,  38 
Arabum,  329 
neuromatosa,  794 
Ellipsoids  of  spleen,  522 
Emboli  of  parenchyma 
cells,  34 

Embolic  nephritis,  824 
pneumonia,  419 
Embolism,  31 
air,  33 

cerebral,  712 
effects  of,  31 
fat,  33 

of  middle  cerebral  ar¬ 
tery,  713 

paradoxical,  31,  377 
pulmonary,  20,  31,  397 
of  pulmonary  artery,  27 
from  txunours,  33 
Embryoma  of  kidneys, 
868 


Emigration  of  leucocytes, 
53,  58 

Emphysema,  effects  of,  6, 
401 

gangrenous,  130 
interstitial,  402 
of  lungs,  399 

—  atrophic,  401 

—  focal,  423 
vesicular,  398 

Empyema,  412,  443 
Encephalitis,  725 
bacterial,  725 
demyehnatiag,  756 
epidemic,  744,  747 
haemorrhagic,  726 
due  to  herpes  virus, 
753 

influenzal,  755 
lethargica,  744 
after  measles,  756 
periaxialis  diffusa,  759 
post-infectional,  755 
post -vaccinal,  755 
in  rabies,  747 
rickettsial,  754 
suppurative,  726 
in  typhus,  754 
virus,  744 
Encephaloceie,  781 
Encephaloid  carcinoma, 
232 

Encephalopathy,  hyper¬ 
tensive,  707,  832,  840 
Wernicke’s,  701 
End-arteries,  16 
Endarteritis  obliterans, 
301 

syphilitic,  305 
tuberculous,  894 
Endemic  cretinism,  1021 
Endocarditis,  acute,  351 

—  bacterial,  355 
chronic,  358 
effects  of,  361 
etiology  of,  360 
Libman-Sachs,  358 
rheumatic,  352 
subacute  bacterial,  356 

—  ■ —  spleen  in,  524, 
vegetative,  351 

Endocrine  glands  {see 
various  organs),  dOOO 
Endogenous  pigmenta- 
.tion,  155 

Endometrioma,  969 
Endometriosis,  962,  967 
Endometritis,  acute,  950 
chronic,  951 

—  — -  cervical,  952' 
tuberculous,  959 

Endometrium,  h3rper- 
plasia  of,_  953 
carcinoma  of,  965 
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Endothelial  cells,  repair 
of.  111 

Endotheiioid  cells,  origin 
of,  91 

in.  tuberculosis,  89 
Endothelioma,  225,  252, 
450 

of  pleura,  450 
Entamceba  histolytica, 
598,  654 

Enteric  fever  {see  ty¬ 
phoid),  174,  591 
Enteritis,  584 
catarrhal,  584 
croupous,  584 
diphtheritic,  584 
mucous,  585 
phlegmonous,  584 
Enterocyst,  618 
Enteroliths,  603 
Enzymes  of  leucoc3rfces, 
59,  65 

Eosinophil  cells  of  pitui¬ 
tary,  1003 
leucocytes,  77,  468 
EosinopMs,  diminution 
of,  77,  468 
in  leukemia,  508 
Eosinophiiia,  71,  77,  467 
Ependymoma,  790 
Epidemic  encephalitis, 
744,  747  ^  , 

leptomeiungitis,  724 
Epididjunis,  cysts  of,  ,946 
tuberculosis  of,  691 
tumours  of,  947 
Epididymitis,  gonorrhoeal, 
940 

Epignathus,  261 , 
Epinephrine  (sec  .Ad¬ 
renaline),  1052 
Epispadias,  881,  949 
Epithelial  cytomata,  23 1 
Epithelioma,  basal  ceU, 
244 

basicelulare,  245 
squamous.,  241 
Epithelium,  repair,  of, 
113  - 

Epulis,  230 

Erb’s  .syphilitic '  para¬ 
plegia,  769 

Ergotism,  spinal  cord  in, 

■  .  ■■  ..  ■  ■ 

Eryfchrsemia,  515 

Erythroblastic  ansemia, 

^  504'  ^  , 

reaction  in  hone-mar¬ 
row,  69,  474,  549 
Erythroblastosis  foetalis, 
503 

Eryt-hroblasts,  454,  455 
in  blood,  ■  462.. 
in.  leukaemia,  '509 


1(174: 


ini)h:ix 


|-:rvlKro<-vtr:-.,  rhan^i'S  in,  Vnlly  inliliraiinn  of  liv(M\ 
■  4r>s  ’  iKiO 

oi;  47G  l<Vinnra!  luMMiifi,  lUO 


thron, 

I'’,s(>i)hai',ns  (.vf*#'  Cl'Vu)  ■ 

j»lun’;u!4 

lOsscMil  ini  hyjH'rt  onHinn, 
2<)8,  :ir,;) 

lOal  nuiioi  u-stnulio!) 

ajMMjts  {srr 
<  M;'i{  roiMMiia  a^a'ut  a) 


Krvor,  1S() 

I »la<'iv wn I C’l’.  ;)0<> 
I'laiulnlar,  air* 
nu'(  a.) iiolisin  in,  i 
aynij »l  (a n:i  ol,  I 
l''il>rillal  ion,  a.nricnlnr, 

:r7:{ 

l<’il>rinnua  inllaunnatinn, 


Priiailii/y  ni*  rnd  (a.jrpimaleH, 

m 

h' r* igi nn*  ‘.i'n,('i on. v  n F  myo- 
<*a.r<rmin,  335 
Froi  i.nwt',  lOl 
FriiHinri<>h''s  a.ia.xi{i,  75!;) 
l<^’(>liliali’s  syiulronux  lOl  I 
Fmu'l'iotial  hvjxM-ia’ophy, 
Sl>,  Ilf) 

'  b^iHcnuH  <log<ni(yra,iiion,’ 

153,701 


Mslrniu'  {srr  (Fstrona) 
b3a<  inanu'lonnr,  .00a 
pA-ocill  < liOIi 
Swing’s  lunuair  oj  Ixuux 
i'zH,  :!K3 

pig;naait  a!  ion. 

1  <i3 

Kxophtliahnit*  f^ni  t  ro. 

1021 

l^iXontosia,  20J^ 
auhainp'aO, 

ICxotoxiuM,  170 

Fxti’a  dural  aOact'aa.  730 

haanorriutj.'.t',  701 
l<'\t  ra  inodiillnry  haano 

IKHUHia,  ■'157 

KnI  raHyalolu:;.  37  I 
l*]\t  rinair  tad «u*,  103 

Mxtvovoraion  <0  Oiaddor, 

HHl 

l')\ndiit<\  Idnnat  ioii  ol. 

57  _ 

organiaat  ion  ol,  I  H) 
Fxuilalioti  ryats.  2Ha 
lOxudai  ivt"  iutlnnnnat  i<»n, 

50,  H3 

lOyo,  inalanonnO a*  <»1,  3.51 

V’aUopinn  tuboa,  uonp<'ni^ 
lal  abnornudit  ioa  of. 

i)7H  ■ 

hydroyadpinx,  t)07 
iidlainnial  ion  ol,  07)5 
pyoaalplnx,  O.OH 
t.ala  grnmdonui  of, 
OOH 

l.ubonadtJHia  ol',  057 
l.unu»urK  of,  057 
Ku-Iho  divori.ifula,  580 
KaitdiM'  oalonva.,  37 
Fat-  (unboliHin,  33 

aiyolin*  H5,  IM,  1053 
aotMxmtH,  128,  585 
i-riumuiUc,  085 
(.(^hU  tor,  M2 
Katt-y  (l(ygon.ora-t  ion,  137 
4. to 

taniHOH  td',  M2 
of  Iwau't,  140,  333 
and  inil<a‘hou<iria 
135 

iidiltrataorx,  138 

"  of  iuatrt,  130,  332 


b  I 

l<'i!>ro  adiMiojua,  2  I  7 
l<’ibrob!aal  M,  55,  77,  1  0  1 
l<'il>ro<‘val  i<’  <lia(',aao  ol'  I  bo 
pan<M'<\aa,  501 
l^'ibro  (aidotljolionia,  205, 
785 

l^'lbrotd  al  ropliy,  132 
pliMjiaia,  135 
i  tnnonr,  2 1 0 
5'ibr<diponu(,  205 
l''ibroina,  20  I 
P'ii)romala,  innllipb',  ol 
tikiti,  20.5 

5’ibroiuyoina ,  210 
5'ibi'o:5aroonuu  221 
('\lra  porioati'ai,  228 
inuoooolli  da  I’i'  <*a  roiiuu 
nialodoa  (Kniloai 
hnnonr).  237, 

07-1 

Fibroata,  <Nniaoa  ol,  81,  87 
(d’  lunpH,  122 
of  myooar<linin,  3-1 5 
ju'oat at i<’,  0-1 1 
nand,  825 
n'plaoonaait ,  87 
in  itda'r<*5%  03 
b'ibroail  ia,  030 
O’llaria  bat);<'rt>lli,  38,  328 
aanguinia  hoininja,  327 
b’ibn'ial  <liHO{\H<%  327 
l'5\ation  of  ooniplonaait, 
lOi 

O'Udlor,  aurioidar,  37*1 
57miny  oolla,  85,  00 
5'noal  tuM'roaia  of  Hvaa’.  532 
Fndtd  and<H’ard)l  iH,  377 
Inladidion  <d'  kidta^ya, 
HHl 

Foli<*  acid,  103 
O'nUiiaiHn,  051 
Follionloina,  075 
Food  p(»iHoning,  k^sioias  in, 

500 

,  Fonirnon  ovalo,  pabau'y 
of,  377  , 

Fornud.iv<'  oat  (al  ia,  HH2 
Fowl,  Harooina.  in,  275 
,  Fraotur(\  r<\pair  <>0  HH5 
FraotnroH,  Hpont.afHMJua, 
227,  552,4)13,  020 
Fragititaa  oKrtiutn,  015 


(kdbbhuldor,  665 
<*}d<’nli  in,  t»50 
cliolr'Hi.oroHiH,  of,  145, 
558 

<'ong(M»ital  abnorniali- 
|,i(>a  oF,  57-1 
inllannnaiion  oF,  51)5 
nnu'ocolo  oF,  555 
t.nlx'nadoaia  ol,  558 
(,mn<)urs  oF,  575 
<bdl  atom'  il<nis,  512,  574 
<  ball  "al  onus,  558 
<‘a,uaa4ion,  oF,  572 
('boU'Htorol,  550 
oITixO'H  oF,  573 
inl('al-iiud  obal  riad  ion 
l)y,  512,  57-1 
niix<Mk  570 

I'idalioti  Fo  (auKHM’,  575 
va.r!(d.i('a  oF,  550 
( bunma-l  bnaly  bodioa, 

520 

( bi.nglio<'vi oma,  700 
( bn\gli<anonroimi,  220, 

700,  1057 
(langrono,  120 
oF  Inn.gH,  '111,  421 
in,  lijiytuindVi  (liHoa,Hn, 
312' 

H(Mdl<x  131,  300 
vark'tioH  oF,  130 
(langronona  app<'n,dicit.iH, 
587 

pa.nx'.nai.l  iliH,  587 
(bta  g)ingrnno,  130 
(5irtFri<*.  ulror,  568 

a,(nd-<^  pta'Foraling, 
550 

n.n.d  <au'cinoitni,  573 
hyp(a-(4dorhy<lria  in, 
575  ^  ^  ^  ^ 

porForal-Son  oF,  573 
.  .  va,ri<4)i(^H  oF,  558 
(  JaairiiaH,  554 

]>ldogmt)nouH,  554 
(laHl-ropioaiH,  575 
(lanchor’H  diwaiHO,  532 
(bx^H  dimxiHO,  500  ^ 
<l(aun'al  airopliy,  132 
pja-alyaiH  oF  t4io  inHaJ.).o, 
705,  737 

vonouH  ocniignKiion,  5 


Generative  system,  male, 
939 

Genito -urinary  tubercu¬ 
losis,  861 
Ghon  lesion,  431 
Giant-cell  tumour  of  bone, 
229 

Giant-cells,  79,  85 
in  tissue  culture,  91 
of  tubercle,  90 
Giant-follicular  lympho¬ 
blast  oma,  545 
Giantism,  1008 
Glanders,  100 
Glands,  hypertrophy  of, 
116 

Glandular  carcinoma,  238 
fever,  469,  537 
Glioblastoma  multiforme, 
789 

Glioma,  218,  782 
Gliomatosis,  220 
Glomangioma,  212 
Glomerulo -nephritis,  803 
acute,  803 
chronic,  810 
evolution  of,  807 
subacute,  808 
—  hydrsemic  type,  814 
Glomerulo-tubular  ne¬ 
phritis,  806 
Glossitis,  489,  497 
Glycogen  storage  disease, 
172 

Glycosuria,  1033 
in  diabetes,  1034 
forms  of,  1041 
renal,  1037 
Goitre,  1025 
etiology  of,  1027 
exophthalmic,  1021 
iodine  in,  1028 
lymphadenoid,  1029 
Golfs  column,  763 
Gonorrhoea,  873,  940,  956 
Gonorrhoeal  arthritis,  924 
epididymins,  940 
peritonitis,  620 
prostatitis,  941 
tenosynovitis,  924 
Gordon’s  test  in  Hodg¬ 
kin’s  disease,  545 
Gout,  170,  299,  830 
Grading  of  tumours,  242 
Granular  ependymitis, 
719,  738 

Granulation,  healing  by, 

105 

tissue,  65,  92 
—  tuberculous,  92 
Granuloma  in^inale,  101 

Granulomata,  infective,  87 

Granulomatosis,  lipoid, 
918 


INDEX 

Granulosa-cell  carcinoma, 
975 

Grawitz  tumour,  866 
Greenstick  fracture,  904 
Guillain-Barre  syndrome, 
777 

Gumma  (see  various 
organs),  95,  97 
Gummata,  miliary,  98 
Gummatous  arteritis,  306, 
737 

meningitis,  736 

H«mamoeba  malarise,  504 
vivax,  504 
Haemangioma,  211 
Haematoerit,  use  of,  451 
Haematogenous  Jaundice, 
678,  682 
peritonitis,  621 
pigmentation,  157 
Haematoidin,  157 
Haematomyeha,  706 
Haematuria,  357,  835,  880 
in  hypernephroma,  867 
Bremobilirabin,  675 
Haemochromatosis,  161, 
331,  648,  689 
Haemofuscin,  162 
Haemoglobui,  variations 
in,  460 

Haemoglobinaemia,  159 
Haemoglobinuria,  159 
e  frigore,  483 
march,  483 
nocturnal,  484 
paroxysmal,  482 
Haemolysis,  190 
Haemolytic  disease  of  the 
newborn,  503 
Jaundice,  477,  682 
Haemomenas ,  praeeox,  504 
Haemophagocytosis,  159, 
487  ..  ^ 

Haemophiha,  5 1 6 
•  Haemoptysis,  434 
Haemorrhage,  spontane¬ 
ous,  14  / 
petechial,  14 

Haemorrhages  in  haemo¬ 
philia,  517 

in  pernicious  anaemia, 
490 

in  purpura,  518  , 
in  scurvy,  520 
Haemorrhagic  disease,  516 
■ — of  the  newborn,  519, 
680 

erosions  of  stomach, 

■  •■562  ■ 

inflammation,  61 
nephritis,  826 
pancreatitis,  685 
thrombocythaemia,  473 
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Haemosiderm,  9,  158,  489, 
631 

Haemothorax,  442 
Halisteresis,  884 
Hanot’s  cirrhosis,  652 
Hashimoto’s  disease,  1029 
Hay  fever,  197 
Healing  by  granulation, 
105 

by  primarj^  union,  104 
of  wounds,  104 
Heart,  330 

amyloid  degeneration 
of,  150 

aneurysm  of,  341,  345 
aortic  lesions,  358 
atrophy  of,  331 
brown  atrophy  of,  331 
calcification  in,  335 
changes  in  pregnancy, 
365 

cloudy  swelling  of,  331 
conducting  svstem  of, 
370 

congenital  abnormali¬ 
ties  of,  375 

deficiencies  of  septa  of, 
376 

dilatation  of,  362,  367 
endocarditis,  351 
enlargement  of,  from 
extrinsic  causes,  365 
failure  of,  367 
fatty  degeneration  of, 
333 

—  infiltration  of,  139, 

332 

•gumma  of,  346 
hvpertrophy  of,  361, 
“365'^ 

infarction  of,  337 
ischaemic  atrophy  of, 
337  ,  ■ 

metastatic  tumours  in, 
381 

mitral  lesions,  363 
myocarditis,  acute,  342 
> —  inteKtitial,  345 

—  rheumatic,  347 

—  suppurative,  344 
pericarditis,  378 
rupture  of,  333,  337., 

344 

syphilis  of,  346 

thrombi  in,  22 

tuberculosis,  of,  347: 
tumours  of,  3^^ 
valves,  aneurysm  of, 
.354  ,  ;  : 

—  effects  of  lesions  of, 

358,  361 

—  rupture  of,  354 

Heart-block,  343,  372, 

373 
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of,  12,1 

oxliMUst-ion,  1  H'4 

1 85 

1 85 

!  Iv'lKMHk'ii'H  tiodt'S,  U.'iO 
lo!KM.iui»K  «>5K 

lloparin,  8(),  172 
ilrjjaiir  ariory.  olnvtiMir- 
(,i(»i>  of',  <i27 

\,MH.  ol»,;i  IMH’l  iot»  of, 

r.2:i,  527 

n.'pnl  i.;af  ion  of  Itiiiy,.  KMi 
1  Ic'p.'il  il  ia,  iK’uio.  b.VS 
chroiiii',  5  t  I 
inioi'i  i\ r.  r>:?r> 
liopjMirat  <»*!5 

duo  fo  viruaoa,  (KH) 
Uopnto  collular  juuiuiioo 
5H0 

nt'pjdojuaiou;;  jniUKlioo 

578 

I  iopafouui.  5)5)  I 
I  lorodd  ary  ha'tuorrliau.a 
1  ('ianpjoof  aaia,  oil) 

aphorooy t o;5; *,  IV.) 

1  loO'dit^S  and  (  utnoura,  27 
1  Ic'intutphrodil  i:uu,  1)  ID 
1  hu’tiia,  vari<*t  lou  o{»  5DD 
I  torj  >as  fo  hriliu,  755 
ialiiaha,  755 
Himpli'x.  755 
/.oHtor.  7i'>5 

I  lot  (M’olojyai:)  inunutu' 
)>o<li('H,  IH.'i 
H<'{orolopia,  275,  «5<>S 
ntrHolu-ipninj.»;'K  disoauo, 
(U5 

!  (  Ih'm  HpacM',  5D5 
niMlninino,  1,  155 
IliHl  iuryf at4.  55,  52,  72 
IHaf  ioinutn.  201,  205 
Hobnail  livor,  dl  l 
Ilodfj^kindi  tliMtunu'.  540 
auaunia  in,  512 
( lonloidn  toal ,  515 
biafulopirtd  iluingoH 
in,  515 

pidholo^^y  of,  551 
Mjfloc'ii  in,  528,  51 1 
Untnolnj,^nnH  nonun  ja,un 
di(‘(\  r»57 

HurtuotHMH  and  growt  h,  H2 
rolid  inn,  f  o  f.ninnut'H,  25H 
Hom''Hlu>o  kidiniy,  HHl 
Hoiiia'glnHH  Ht.onmch,  572, 
5H5 

H»nubHl.nno(\  1*  57,  ID5 
I  liingnr  oHltHunnlaria, 
DOD 

HutahluHon’ri  DO 

Hyalina  lUiKl-H,  155.  H50 
dt'ifjjtnu’trnHon.,  152 
tlroplolH,  152,  HI 8 


HydidVI  rliw'a.sc'',  55D 
Ilvdnl  idilbi'in  rnoU^  21(>, 

D7S 

I  lv‘lraanio  typooT  nofjhri- 

Hm,  S1 1]  S5D 
pkdhnni,  10,  IDS 
llydrnaoln,  DID 
Hydi’o<*oplinluH,  7  1  7 
aoquiriHl,  7  ID 
aouO',  750 
coMjM'uil ul,  720 
pal  ho  lop.  y  of,  72! 
Ilyilroinydia,  772 
I !  \  dronopliniais,  SOD 

I I  v<lrop<'rioanlium,  5  I 
1  lydrophol )ia,  7  17 

I  lydroMuipinx,  D.57 
Hytlrnf borax,  51,  112 
!  1  yi'ronia,  oynt  io,  2  1  1 
llyporaunia,  ,a.rl  ivo,  I,  50 
arf<M’iMl,  I 
{•npillary,  1,  2 
pa:;:'V'(*.  I.  5 
\<aiou;!,  I,  12 
I  ly  (aa’oalra'inia,  100,  D15 
H vp('roblorby<ii’ia,  575 
n’vporoboloaO'roliomia, 

M5,  077,  SIS,  lOlO 
nyporlbllioulinisal  ion. 

D70 

I  iy  porplyoioiuia,  1050 

I I  vpi'rnopbronui,  HOO 

I  ly  p<a‘pii.uii.ariiim,  1007 

I I  y  pnrplauia  (-‘a'a  varioUH 

tisanoa).  111 
ooinponsatnry,  I  15 
noiinbir,  01 1 

1 1  V| H'rplaut  i<'  ovHl  ir  <lia- 
oas<''  of  bnaisl ,  DHO 
Hypi'rpyn'xia,  ISl,  I  SI 
1 1  vporiomiion,  <lun  l^o 
adronal  t  unumr.  1 05S 
<*ua(‘tdiul,  2SD,  2D5,  5:01 
naial  iruduomia.  in, 
2I)D,  H2H 

nndiynanl.  S10,  H2l 
Hyporlonaivi'  art  lunoiMdor  ■ 

oHiH,  2D5 

(Maa'pha  lopaf  by ,  707, 

S52,  H10 

nopb.rnaoInroaiMj,  826 
Hyptu’thyi'nidiHni,  1021 
\vi(  bout  uKophMndrnoH, 

1 0*25 

H vpnil'UnuH,  artorinl,  2S7, 

2D5,  2DH 

I  ly  })<n‘t  ropliii*  otM‘vi<‘a1 
piM'hynnaiinpjtiH,  755 
oiicrbuHiH  ot  livnr,  014, 
051 

pulincHuiry  oat  no  aa*» 
Uu'npnthy,  D15 
Hypnrtropby  {-vra  variouH 

tU'gtUlH),  114 


I ! ypiu'tropby  a,nd  lilood 
su{)ply,  1  I  7 
non)ip(M»,sa4ory,  1 1 5 
a.nd  (Mubxu'iiK'  glaiidB, 

,1  1  S 

rniintioiud,  82,  115 
of  glands,  1 1 0 
ol'  kidnoys,  1 1 0 
of  nniHnb^H,  D51 
n'lalion  to  ium’vous 
systian,  IIS 
f.o  |>ix'Ssnr<\  1 1  7 
vicarious,  110 
1 1  V pcM’vita minosis,  1 07, 
DOS 

1 1  ypocalnaunia,  1015 
1 1  yporbrotnin  aiuninia, 

m> 

Hypoglycaania.,  0D2 
H\‘poplivsis  [see  Pitui- 
Inry),  1002 

1  !y  popla.sia.,  152 
ol’a.dnauds,  l05S 
of  kidnoys,  SSI 
of  ut('rus,  D7H 
1  lypospadias,  DID 
IH’stnrin,  in  <logs,  c.a,UH(’i 
of,  772 

Ici.ca’us  {srr  Ja.undinn), 

67(> 

graA'ls,  052 

uooiud'oruin,  505, 
070,  702 
lia'molyla<',  (»S2 
tu'onatorurn,  105,  082 
ldiopatbi(^  aiuninia.,  484, 
IDO 

inuHcubir  n.ta’upliy,  950 
s(xaitorrb<na,,  000 
IdiosyjH'raay,  1D1,  1D7 
J  l(^it  is,  r<''ginn.a1,  00l 
\Uh)  c.olitiH,  a.<‘ntn,  5D7 
IkujH,  (iOO 

a.dyiuitnii’.  007 
l)io(‘hnmi(’a,l  changns  in, 
007 

inonoiduin,  01)1 
paralytic,  007 
varinla<'iK  of,  007 
I ntnnifuvbodioH,  IDO 
Inununn-npHoninH,  IDl 

Irnnninify,  185 
atdavn,  ISO  . 
pa.SHiv(%  187 
Hnplaaitatioii  (‘.yatH,  285 
Huinitit)n  a.trophy,  152, 
1H2 

I  nc(nnpn(i(aic<^  o('  lina,rt( 
vaivt^H,  36S 

Infancy,  auamna.H  of, 
50*2 

incluHion-body  (Uhchvho 

iu,  804 
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Infantile  paralysis,  748 
scurvy,  910 

Infantilism,  1012,  1020 
Infarction  {see  special 
organs),  16 
of  brain,  17,  712 
changes  in,  19 
characters  of,  17 
of  intestines,  20,  609 
of  kidneys,  17 
of  lungs,  20 
myocardial,  21,  3S7 
pulmonary,  20,  397 
septic,  21 
sequels  of,  21 
of  spleen,  17 
traumatic,  628 
Infarcts,  bilirubin,  163 
uric  acid,  171 
Infection,  173,  192 

conditions  aiding,  174, 
192 

supersensitiveness  in, 
196 

Infectious  mononucleosis, 
469,  537 

Infective  aneurysms,  314, 
317 

granuloma,  84,  87 
hepatitis,  636 
Inferior  vena  cava,  ob¬ 
struction  of,  13 
Infiltration,  amyloid,  147 
calcareous,  166 
fatty,  138 
glycogenic,  172 
lipoidal,  144 
pigmentary,  155 
uratic,  170 
Inflammation,  49 
acute,  50 
—  varieties  of,  60 
catarrhal,  61,  66 
chronic,  83 
croupous,  61 
diphtheritic,  61 
exudation  in.  57 
exudative,  50,  83 
fibrinous,  61 
haemorrhagic,  61 
interstitial,  84 
leucocyte  emigration  in , 
58 

lymphocytes  in,  76 
Menkin’s  h57pothesis  of, 
60 

mononuclear  cells  in, 
63,72 

nature  of,  60 
necrotic,  61 
parenchymatous,  61 
phlegmonous,  61 
plasma  cells  in,  7  6 
productive,  50,  83 


Inflammation,  resolution 
of,  61 
serous,  61 
stages  of,  61 
suppurative,  50,  63 
varieties  of  cells  in,  71 
Inflammatory,  conditions 
in  diabetes,  1036 
leucocytosis,  446 
oedema,  37,  60 
Influenza,  pulmonary 
lesions  in,  416 
Influenzal  encephalitis, 
755 

Inguinal  hernia,  610 
Insects  as  vectors  of  in¬ 
fection,  173 

Insulin  in  diabetes,  1033, 
1039 

Intermittent  claudication, 
309 

Interstitial  inflanamation, 

84 

keratitis,  99 
nephritis,  acute,  825 
pneumonia,  421 
Intervertebral  disc,  rup¬ 
ture  of,  7 61 

Intestinal  concretions,  603 
infarction,  18,  609 
obstruction,  606 

—  biochemical  changes 

in,  608 

—  by  foreign  bodies, 

607,  674 
Intestines,  583 
achalasia  of,  613 
actinomycosis  of,  605 
.  in  anthrax,  600 
hilharziasis  of,  606 
carcinoma  of,  615 
catarrh  of,  584 
in  cholera,  599 
congenital  abnormali¬ 
ties  of,  618 
diverticula  of,  589 
in  .dysentery,  amcBbie, 
597  . 

'  — bacillary, '  596 
enteritis,  584 
hernia  of,  609 
.infarction  of,  18,  609 
inflammatory^  condi¬ 
tions  of,  584 
intussusception  of,  611 
obstruction  of,  606  ^ 
paratyphoid^  infeetions 
of,  596 

polyposis  of,  614  ^ 
in  regional  ileitis,  604 
speeiflc  'infections  of, 

591 

strangulation,  of,  ,  13., 
612 


Intestines,  syphilis  of,  605 
tuberculosis  of,  601 
tumours  of,  613 
in  typhoid  fever,  59.1 
ulcerative  colitis,  585 
volvulus  of,  612 
Intraduct  carcinoma,  238, 
987,  994 

Intra-mammary  abs.eess, 
984 

Intussusception  of  intes¬ 
tines,  611 

Invasive  mole,  980 
Invoiuerum,  891 
Iodine,  action  of,  on 
thyroid,  1024 
and  goitre,  1028 
.lodothymoglobuim.,  1016 
Iron  in  liver,  162,  632 
Iron-containing  pigments 
{see  HaBmosideria.), 

.  158,  631 

Iron-free  pigments,  157 
Iron  reserves,  457,. 474 
'requirements,  474 
Irracflation,  effects  on 
blood  of,  .501 
Irregularity,  sinus,  371 
Ischsemia,  14 

Isehsemie  atrophy  of 
heart,  337 

Islet -cell  tumou.rs,  692 
Iso-agglutination,  46 
Iso -immunisation,  187 
Ivory  osteoma,  208 

Jaundice,  675 

acholuric,  477,  '676,  682 
and  coagulation  of 
blood,  679 
experimental,  681 
haematogenous,  678,  682 
hsemoiytic,  678,  682 
hepatogenous,  678 
homologous  serum,  '636 
infective,  636 
,  latent,  677 

obstructive,  678 
post -arsphenamine 
Jaundice,  638 
regurgitation,  678 
retention,  682 
spirochsetal,  635  • 
toxic,  678 
varieties  of,  678 
Joint-miee,  9.30  , 

Joints,  922 

arthritis  (q.v.),  922 
- —  .chronica  adliesiva, 
925  ■  '  ■  ' 

in  arthritis  deformans, 
927 

in  Chareot.'s  disease, 
...  ■  743" 
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Joiiil::,  inihinsiUiil  ion  of,  I 

{(>((:;(“  hotlir:;  in, 

til  niitoo  ar(!ii"i(  i;n 

in  ritnum.M I  ic  nrihritis, 

sypliilis  of,  IH):? 
in  inlioii  (lnr.;n!ts,  7  Li 
lnhtM’rul<>::i;;  of,  SiMi 
I umour;;  nl,  1)-^ * 

,) n vt'inln  rirriuKun  n(  liv<'r, 

IMS 

Kain -n/.nr,  liv<'r  in,  Tn'):! 

!ij»l<‘rn  m,  i>-7 
1\  ji  j  It  )si  7 1  \'{i  I'U'i  '1 1 H  ( >t'i  n 

lU'i’nuL  if  ia,  7.'ni 
Kai'\'ol\  ai:!,  I:!.’) 

Kiir\  (irrlirHs;..  1  'L> 

Knlly  Lilt (M’Non  aynilnnnn, 
‘•iUK 
Kt'lniil, 

Knrtil.it  ii;,  i  nf  *t  J  it  ia  1.  ILJ 
Ivi'nii ( tinn.  l!  In 
i\(‘nit(unalarijt.  llO'.i 
Kta'iijcf nfua,  iitJli,  /fLi 

Kidnoy:;,  7^>5 

act  inntn\  cn.ai.  ol,  Hilll 
m  acnin  cytolyhC;  nn- 
(‘cntai;, 

ayonnM!M  oT,  71Hi,  HHl 

amyini<i  (lii.taiac,  I  liL 
M I  r» 

t'unct  innal  cjl'oct  h  oL 

H47 

art la'inru'lcrot  ic  chnilj^r'a 
in.  826 

airnpliy  of.  7tH» 
calcttinat  inn  ni,  HtlO 
«•}! rlnna'Ic*  nl',  SnK 
chronic  vaninuH  cnny.na 
t  inn  nl*.  li  1 .  7l)ti 
circnhttnry  (liat  in-banctsa 

iA\  7hn 
clnncly  Nua'llitijl,';  ni, 

■  7IIH 

(Minj,';tahtn.l  nfninnnali  • 
nh  HH 1 

cyntic,  H4’i,  Hil  t 
cnrt'ical  nncrnnif-i  nf,  HPJ 
in  {liahninn, 
tlyni-niMii.  nt’,  HHl 
in  nchnnpHiu.,  HID 
hiitv  <lt'‘gnm'rid'inn  nf‘, 
7DH 

(ihi'oHiK  oi\  827 
r<ntn.l  lobuiaUnn,  nf,  HK| 
gnuuilaa*  cniitrantcd^ 
jM’inurry,  H2H 
Hnn.nrMlary,  HI  1 
hyjwrlirnphy  oh  1  Mh7hti 
hypoplania  oh  7D6,  HHl 
jm«.luHion4K.Kly 

oh  H(M 


i( ltn\vBj  inlari’i.  oi’,  1 H,  71)7  h 
KinnnrDHl  ini  -  Wilnon  L 
liM'iion  in,  SHH  I- 

h'sinns  in  prngnanny, 

HU) 

n<'|>hr<m  Innion  nl', 

820,  822  I 

inytDin,  700,  81  h 
nt'pliril  ia  (({.v.),  800 
piy;in(Mil ary  (It'pnailn  in,  I 
709  '  I 

aiaiih'  cnutrai'icMl,  883 
H|a'(M(ic  inllannnat'ionK  1 
nh  800 

anppnra.linn  in,  HnS  ' 

;!urn;ica.l,  800,  S7  1 

ayp)nli^■i  tif,  SOU 
I  ni)t'r<*nlnsis  nl,  SOI 
1  tnnnnra  ol',  800 
oral  in  On'poail a  m,  SOI) 

\  tuicular  olihO  runt  it>n.  in, 
707,  H2H 

K  I  in  m  c  1  s  I  i  i4  W  i  I  a  o  n 
Icaionn  of  ki«ln(\v,  8!ht 
Kinnit'r  \\‘il;;on’ii  (liiana-us 
OIS,  701 

Koch  phnnnmt'non,  SO 
Knilonynhia,.  *107 
KniUnnlan’}*  lunamr.  207, 

07  1 

Kulachil ’/.Uv  ('nils,  017 
Kyphoais,  son 

I  ainnimr  I’niun-pt  ion,  HH  1 
lannnnc'a  <*irrUo:‘ati,  01  1 

Lainiry’a  paralyHin.  701 
I ainynrha ns,  islnls  ol,  l>00, 
llKiS 

Ininoursoi  inli'lsol,  002 
hiUii'hann'  laynr  ((‘ylnlro- 
'phohlast”),  2  Mi,  070 
haryn|.*:i(  i;;,  084 
haryn  K,  tUphI  lua’in  ol‘,  HHfi 
tnOminnal ion  of,  384 
hipus  oi’,  !iH7 
aiiaioHia  oi’,  OHH 
syphilis  of,  38K 

i  niicrcnlosis  of,  H80 
tum<nirs  nl*,  880 
Lainni.  jiunalii’n.  077 
I  art  oral  Hclnrosin,  708 
laithyrinm,  npinal  in, 
772 

larwrnncn  Moon  liiiHll 

syiulrotnn,  1018 
hna.0  puiHcming,  n>0,  171, 
200,  *1152,  880 
laaomyonni-,  200,  000 
Lnishniiin  -  Do  no  v  am 

hodioH,  527*  052 

hiahirulnl.n  (h^goniaatiion, 
048,701 

.Loont  iaHiH  oHsiunh  015 
Li^pftwy,  lOO 


vpliOi'yi.oHiH,  4r)l),  504 
vj>0)innnjiigi()ina,  784 
v{,>h,>innningii48,  722 
ciurngi's  in,  728 
<'pi<lomi(’,  724 
syphiliiiic,  784,  700 
^npt.ospinr  cajiicola.,  080 
ii'lia’olnninorrluigiay 
085,  725 

jOptiOHpinmiH,  725 
A  s  t  .1:  u  r  rg  i  ( (.vr  a  a  ^  p  lull  it  is , 
744 

joncohla-stic.  nauOiiou  in, 
hono  nuirrow,  00,  549 
laMHsx’v tns.  hasophil,  472 
nluing(\s  in,  405 
ih'ViOopnHMil  ol',  00 
ninigration,  o('.  58,  58 
nir/.y IOC'S  ol’,  50,  05,  127 
nosinoplul,  77,  408 
in  inlhunmai  inn,  58, 

7! 

inonnniu’hair,  in  inthun- 
inatiiai,  02,  *100 
INOgia-  a'.nonurly  ol’n  407 
polyinorphnma4(Mir,  64 
variations  of,  466 
I aMU'ocy liosis,  67,  400 
honn  marrow  in,  5-10 
ciiclas't  ic,  *107 
in  inra.rcl.ion,  887 
inllanuna.iory,  40(> 
mononu(4na.r,  400 
nnnt  rophih  ‘100 
in  pmnnnonia,  ‘lOO 
post.  luamorrha,gi(%  4()7, 
474 

promol.lng  faal.or,  50 
toKin,  107 
vni’iiO.ins  oh  400 
I  aaico<l«M’ma,,  150 
1  aaa*npiMUa.,  470 

in  a.na.phyla,xiri,  100 
wil-h  chronic  HpUnuann* 
ga,ly,  *170,  581 
lauamia.xitu'i,  58 
Lnnkscnha,  500 

a.UniUaanic,  501,  507, 

54(1  . 

in  a.ni nulls,  HM 
blood  in,  507 
bono“inn.rrow  iu,  511 
(4i(anica.l  cluingns  io, 
5 1 8 

lymph  nodoH  in,  511 
lympha,t.i(‘,  500 
monocytic^,  518 
mytOold,  500 
f)iithology  oh  514 
Hploiai,  in,  51  h  528 
bindau’s  diHoasc.  001,  780 
binitirt  plastlca,  500 
bipsunua,  140 
bipaso,  128 
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Lipofuscin,  163 
Lipoid  granulomatosis, 
918 

metabolism,  disturb¬ 
ances  of,  146,  531 
nephrosis,  817 
storage  in  spleen,  531 
Lipoidal  degeneration,  144 
infiltration,  144 
Lipoids  in  diabetes,  1034 
Lipoma,  206 
arborescens,  928 
Lip  osar  coma,  225 
Lipotropic  substances, 
631,  649 

Lithopsedion,  982 
Liver,  625 

abscesses  in,  653 
adiposity  of,  630 
in  actinomycosis,  655 
amyloid  degeneration 
of,  147,  632 
angioma  of,  211 
atrophic  cirrhosis  of, 
646 

atrophy  of,  628 
chronic  venous  conges¬ 
tion  of,  11,  626 
circulatory  disturbances 
of,  626 

cirrhosis  of,  644 

—  biliary,  651 

—  experimental  pro¬ 

duction  of,  649 

—  pericellular,  656 
— ^  portal,  644 
cloudy  swelling  of,  629 
congenital  syphilis  of, 

656 

cystic,  664 
efficiency  tests,  683 
excision  of,  681 
fatty  degeneration  of, 
630 

—  infiltration  of,  139, 

630 

focal  necrosis  of,  632 
hsemopoietic  principle 

of;  492 

hepatoma  of,  661 
hobnail,  646 
hydatid  disease  of,  660 
hyperplasia  of,  11,  626, 
641 

hypertrophic  cirrhosis 
oh  644 

hypertrophy  of,  628 
infarction  of,  19,  628 

—  traumatic,  628 
inflammatory  condi¬ 
tions  of,  635 

iron  in,  162,  631 
■miliary  gUDxmata  of, 
657 


Liver,  necrosis  of,  632 

—  acute  cytolytic,  638 

—  subacute  cytolytic, 

640 

nodular  hyperplasia  of, 
641 

‘nutmeg,’  11,  626 
in  phosphorus  poison¬ 
ing,  634 

pigmentary  changes  in, 
631 

in  puerperal  eclampsia, 
634 

specific  inflammations 
of,  656 

syphilis  of,  656 
tuberculosis  of,  658 
tumours  of,  661 
in  typhoid  fever,  635 
vascular  disturbances 
of,  627 

in  Weil’s  disease,  635 
y^ellow  atrophy  of,  638 
in  yellow  fever,  633 
zonal  necrosis  of,  632 
Lobar  pneumonia,  405 
Local  ansemia,  14 
oedema,  37 

ossification  in,  muscles, 
934 

venous  congestion,  1,2 
Localised  amyloid,  151 
„  Locomotor  ataxia  {^ee 
Tabes  dorsalis),  740 
system  {see  Bones,  etc.), 
882 

Loose  bodies  ,m  joints, 
930 

Lorain-Levi'  syndrome, 
1013 

Lungs,  396 

acute  inflammation  of,“ 
404 

alveolar  phagocytes  of, 
10,  164 

anthracosis  of,  423 
asbestosis  of,  427 
atrophic  emphysema  of, 

401'  '  ,, 

bronchopnenmoiiia 

(q.v.),  412 
earmfieation,  410 
chronic  venous  conges- 
',  tion,  ,5,' 396  ■ 
collapse,  402 

—  lobular,  414 
embolic  ,pneumonia,  4 1 9 
emphysema  of  (q.v.), 

■  398  ,' 

fibrosis  of,  410,  421 
gangrene  of,  411,  421 
hypostatic  congestion 
of,  397 

—  pneumonia,  420 


Lungs,  infarction  of,  20, 
397 

influenzal  lesions  of, 

416 

interstitial  emphysema 
of,  402  ^ 

—  pneumonia,  421 
metastatic  tubercle  of, 

440 

miliary  tuberculosis  of, 
438*' 

cedema  of,  38,  397, 
phthisis,  acute,  436 
— -  chronic,  434 
.pne'umoconiosis,  422 ' 
pneumonia  (q.v.),  405 
siderosis  o,f,  428 
s,ilicosis  of,  165,  4,25 
suppuration  in,  410,  418 
sjphilis  of,  441 
tuberculosis  of,  429 
tumours  of,  444 
vesicular  emphysema 
of,  398 

Lupus  erydhematosus,  en¬ 
docarditis  in,  358 

—  renal  lesions  in,  .825 
of  laiyTix,,,  387 

Lutein  cyst,  968 
Lyunph  nodes,  535  , 

—  in  anthrax,  536  _ 

—  hsemochromatosis  of, 

537 

—  in  Hodgkin’s  £il,sease, 

540 

—  inflammatioB  of,  535 

—  in  leukemia,  512 

—  lipo-melanic  reticu¬ 

losis  of,  537 

—  in  Ijunphopathia  . 

venereum,  101,  536 

—  phagocytosis  in,  537 

—  pigmentation  of,  537 

—  in  plague,  536 

—  in  pseudoleuksemia, 

546 

—  reactive  hyperplasia 

o.f,.536  ■  ^  , 

—  in  sarcoidosis,  539 

—  suppuration  in,  536 

—  syphilis  of,  540 

—  tuberculosis  of,  538 

—  tumours  of,  546 

—  in  typhoid  fever,  536 
.,serotum,  329  , , 

Lyunphadenitis,  535 
Lvmphadenoid  goitre, 
1029 

Lvmphadenoma ,  ,  {see 

Hodgkin’s  disease), 
540 

Lymphangioma,  213 
Lymphangitis,  acute,  326 
chronic,  326 
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Miliait’v  ahHiHiKMCtK,  178, 
311,  738,  858 
aaMairyHoiH,  318,  700 
gunimaiti,  OH,  310,  057 
|,ulHa’aoloH»H  (mt  various 
organs),  01 
Milk  fa, a, for,  373  _ 

Hpofs  on  jxirla.arclium, 

371) 

Miuoral  a,<ndH,  tuition  on 
Htotim,<'h  of,  507 
Mifot'Koiulria,  in.  dogonora- 
Mon,  130 

Mil-ra,!  <UHtMt,so,  350 

iiiaompotaiiUKt,  offocts 
of,  305 
Hionosis,  350 
.  offoafs  of,  303 
Mixod  galhsUmos,  070 
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Mixed  tumours,  258 
Mixed-cell  sarcoma,  224 
Moist  gangrene,  131 
Mole,  hydatidiform,  978 
invasive,  980 
Moles  of  skin,  247 
Mollusciim  fibrosum,  205 
Monckeberg’s  sclerosis, 
300 

Monocytes,  72,  75,  469 
Monocytic  leukaemia,  507, 
513 

Monocytosis,  469 
Monolobular  cirrhosis,  652 
Mononuclear  cells  in  in¬ 
flammation,  85 
leucocytes,  62,  75,  469 
Mononucleosis,  infectious, 
469,  537 

Morbus  coeruleus,  376 
Morvan’s  disease,  774 
Mosquitoes  and  malaria, 
505 

Motor  neurons,  chronic 
disease  of,  768 
—  lesions  of,  767 
Mucin,  connective  tissue, 
153 

epithelial,  153 
Mucoid  carcinoma,  240 
degeneration,  153 
Mucous  colitis,  585 
Mulberry  calculus,  878 
Multilocular  ovarian  cys 
toma,  217,  969 
Multiple  fibromata  of  skin 
205 

nodular  h5rperplasia  of 
liver,  641 

peripheral  neuritis,  775 
sclerosis,  757 
Mummification,  131 
Mumps,  940 
Murmurs,  cardiac,  363 
Muscles,  931 
atrophy  of,  931 
in  crush  syndrome,  932 
gas  gangrene  in,  130, 
933 

hypertrophy  of,  931 
inflammatory  changes 
in,  933 

ischaemic  necrosis  of, 
932 

in  myasthenia  graxds, 
938 

in  myopathy,  936 
in  myotonia  congenita, 
937 

in  peroneal  atrophy, 
937 

in  pseudo-hypertrophic 
paralysis,  936 
repair  of,  112 


Muscles,  suppuration  in, 
933 

in  Thomsen’s  disease, 
937 

Muscular  dvstrophv,  134, 

936 

Mutagen,  transmissible, 
277 

Myasthenia  gravis, 
muscles  in,  938 
Mycosis  fiingoides,  102 
Mycotic  aneurysms,  32. 
317 

Myelin,  degeneration  of, 
762 

fat,  85,  144,  1053 
kidney,  799,  815 
Myelitis,  acute,  765 
chronic,  766 
disseminated,  766 
transverse,  766 
Myeloblasts,  70,  508 
in  leukaemia,  508 
Myelocystocele,  782 
Myelocytes,  69 
in  blood,  471,  508 
toxic  changes  in,  70 
Myeloid  chloroma,  554 
leukaemia,  506 
sarcoma,  229 
transformation  of 
spleen,  457,  531 
Myeloma,  255,  552 

of  tendon  slaeaths,  920 
Myelomatosis,  552 

amyloid  disease  in,  150, 
554 

plasma  proteins  in,  554 
Myelomeningocele,  781 
Myelopht-hisis,  502,  550 
Myocarditis,  acute,  342 
chronic  interstitial,  345 
diphtheritic,  343 
parenchymatous,  343 
rheumatic,  348 
suppurative,  344 
syphilitic,  346 
Myocardium,  fibrosis  of, 
337,345 

fragmentation  of,  335 
infarction  of,  336 
lesions  of,  330 
segmentation  of,  335 
Myoma, .209 

Myomalacia  cordis,  21, 
337 

.Myopathy j  134,  93.6 
Myosarcoma,  231 
Myositis,  933  , 

ossificans,  208,  934 
—  progressiva,  933  ^ 
Myotonia  congenita, 
muscles  in,  937 
Myxo-adenoma,  205 


M.>^o-chondroma,  20-5 
Mvxcedema,  154,  1011, 

1017,  1019 
infantile,  1019 
Myxolipom.a,  206 
Myxoma,  205 
MjTcomatous  change,  154, 
225 

Myxiosareoma,  205,  225 

Kievus,  211,  247^ 

Xan  osomia  pi  tiiit  aria, 

1021 

ISTaphthoquinone,  relation 
to  vi.tamin  K..,  680 
Kecrobiosis,  122 
ISiec,rosin,  59 
Necrosis,  122 
of  bone,  890 
causes  of,  122 
'  coagulative,  19,  89,  124 
coBiquative,  19,  124, 
126 

-  fat,  1.28 

- —  traumatic,  129,  985 
focal,  632 
in  infarction,  19 
phosphorus,  89.2 
res.ults  of,  128 
zonal,  632 

Necrotic  inflammation,  61. 
Negri  bodies,  747 
Nephritis,  860 
acute,  803  . 

•—  interstitial,  825 
.arteriosclerosis  in,  811, 
828 

azot.semie  type  of,  801, 
808  : 

eardio -vascular  changes 
in,  841 

catarrhal,  821 
chronic,  810 
degenerative,  821 
effects  of,  834 
emboHe,  824. 
evolution  o.f,  807 
extraeapiUary,  806 
glomerular,  803 
glomerulo-,  chrome,  8.10 
hsemorrhagie,  808 
—  of  eMldhood,  826 
hydrsemic  t37pe  of.  802, 
814 

inflammatory  compliea- 
'  tions  in,.  844  , 
intracapiliary,  804^ 
cedema  in,  842,  855 
subacute,  808,  814 
suppurative,  857 
tubular,  821 
Type  I  (Elis),  803 
Type  U  (Ellis),  814 
urine  in,  834 
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N<'iU'nK<'uio  pyf't''\ia,  !  Ha 
Nt'in’opjia,  rc'iu’t  i<tn:>  of, 
(11)7 

rt'pair  <4,  III 
Ntnirotnuiu.  !nli;i%  71)2 
Nnut'omyoiit  ia  opt  tan.  7;11) 
Niuiropnt  hia  at  rophy.  1 44, 
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1)41 
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oovioutufc  91)4 
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-  NotuK'  67'oin  symlroino," 
7(»2 

Norniohlaaiio  haunopoi* 
t'*sia,  '154 
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pathology  of,  817 
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innal,  46/h42,  855 
Holi<l,  45 
ioxio.  47 

variofiort  ol‘,  55 
<  0h<  )  1 4  in  pi  fin  d  inH(  H*n  tif 

557 

(FiHophagUH,  556 
iududaHiu  of,  558 
nii't^Hht  of,  56 1 
(‘uraioiittut  of.  560 


( 1<]  so  I  >  1 1  a.Lp  I K ,  <  u  i'(  n  1 1 }  it ,( )  r  y 

disl iii4)an.(‘(‘s  of,  557 
aonponifal  ahnorinn-li- 
|.i(>H  of,  56! 
dipiMHl  ion,  of,  557 
dibifn.t'ion  of*,  558 
(UvMU’t'icula.  of,  554 
i  1 1  ( 1  an  1 1  n » a,  t  ■  <  >  ry  <  *  I  u  i,n  px^s 
of,  557 

Hart'oma.  of,  561 
!4p(M*i(ia  iidla.Tmniifioiis 
■  of,  557 
ni.c'itosis  of,  558 
svi>i»ilis  of,  557 
tannonrs  of,  560 
(Ksfraxiiol,  451 
( Fsl.rop<'uia  apXMijiH,  a;n,<l 
aa.ra.inoma,,  268 
a  Hid  tnillv  faclxir,  269, 
274 

( J^lH^.^o^al,  268,  45-1,  1005 
( )idiu»n  alhiaaiis,  557 
( )lipoay  fhnunia.,  458 
( )lipod('ndrop!ia.,  647 
<  )lipodondroplioinn,  790 
Olipuriti,  844 
( )oplu>ril  is,  457 
( )ophoroma,  l*()lliriilairti, 
476 

Opsonic  iiafion, 
nisrn  of,  141 
OpKonins.  57,  1 9 1 
Oix'hifis,  910 
syphilitia,  912 
Op;a.nisjifion,  108 
of  oxin hif(\  1 1 0,  4  10 
of  diromhtis,  108 
OrpaiiiHtu’H,  84,  264 
OsHilyinp  mytisil-iH,  944 
Ost.oil'iH,  882 
doloimuins,  91  1 
lihroHii,  412 

aalaimn  itaHsilxiliBni 
io,  915 

a,nd  pa.i'a,t4iyroidR, 
915 

fornin.fiv<y  HH2 
rjin>ryiop,  882 
( )Ht.(M)  jirdirifiH,  927 
.  OstxH)  art  hropat  hy,  pah 
Uiotiary,  415 

OHhHudumfirifiH,  sypluli- 
fia.  400 

I  OstnoudiotulronuifoiHiH, 

922 

<  )Hi.o<H*la.rifonia,,  229 
( Ist'Ciorlaal'H,  884,  914 
( )Hfoop(nioHiH  iiup(a4(H‘.ta, 
,  916 

OHl.(iopoiu<^  Han'ooina,  226 
in  Papof’s  (UHaa!H(s 
226,  912 

()Ht<'oi<l  oHfoonui,  914 
fisHins  884,  405,  910 
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Osteoma,  207 
osteoid,  919 
Osteomalacia,  909 
Osteomyelitis,  acute,  889 
complications  of,  891 
suppurative,  890 
Osteopetrosis,  550,  916 
Osteoporosis,  884 
Osteosarcoma,  226 
Osteosclerosis,  899,  920, 
949 

Osteosclerotic  anaemia, 
502,  920  • 

Ovarian  haematoma,  969 
lioi-mones,  954,  1004 
pregnancy,  982 
Ovaries,  carcinoma  of,  974 
congenital  abnormali¬ 
ties  of,  978 
cysts  of,  968 
endometrioma  of,  969 
inflammation  of,  957 
multilocular  cystoma 
of,  217,  969 

papilligerous  cystoma 
of,  218,  971 
sarcoma  of,  977 
tarry  cysts  in,  969 
teratoma  of,  972 
tuberculosis  of,  958 
tumours  of,  967 
Ovaritis,  957 
Oxalate  calculi,  878 
Oxybutyric  acid,  1035 
Oxydase  reaction,  465 
Oxygen  deficiency  {see 
anoxaemia),  16 

Pachymeningitis,  721 
haemorrhagica,  706,  737 
hjrpertrophic  cer\’ical, 
735 

syphilitic,  735 
Paget’s  disease  of  bone, 
911 

—  cardiac  output  in, 

369 

sarcoma  in,  226,  912 
disease  of  nipple,  996 
Painiul  subcutaneous  tu¬ 
bercle  of  W ood,  213 
Pancoast’s  syndrome,  447 
Pancreas,  685,  1033 
congenital  abnormali¬ 
ties  of,  693 

—  syphilis  of,  689 
cysts  of,  690 
degenerative  changes  of, 

685 

in  diabetes,  1037 
fibrocystic  disease  of, 
691 

haemorrhagic  pancreat¬ 
itis,  685 


Pancreas,  hsemosiderin  in, 
689 

inflammatory  condi¬ 
tions  of,  686 
relation  to  diabetes, 
1039 

sequestrum  of,  687 
tumours  of,  691 
Pancreatic  calculi,  691 
ducts,  obstruction  of, 
689 

rests,  693 
Pancreatitis,  129 
acute,  685 
chronic,  689 
gangrenous,  687 
haemorrhagic,  685 
suppurative,  688 
Panniculitis,  930 
relapsing  febrile,  931 
Pappenheimer,  bodies  in 
red  cells,  462 
Papilligerous  cystoma, 
218,  971 
Papilloma,  214 

of  bladder,  215,  879 
of  rectum,  216,  613 
of  stomach,  576 
Parabuccal  mixed  tumour, 
260 

Paradental  remains,  209 
Paradoxical  embolism,  31, 
377 

Paraffin  workers,  squam¬ 
ous  cancer  in,  265 
Paraganglioma,  256,  1057 
Paralysis,  pseudo -h3q)er- 
tropic,  936 
Paralytic  ileus,  607 
Parametritis,  951 
Paraplegia,  ataxic,  771 
spastic,  769,  774 
Parasites  of  malaria,  504 
and  tumours,  276 
Parasitic  cysts,  285 
Parathormone,  1042 
Parath3nroid, '  hyperfunc¬ 
tion,  1044 
,  hypofunc  t  ion, , .  1 042 
Parathyroids,  1042 
and  metaboHsm,  1042 
and  osteitis  fibrosa,  913 
and  tetany,  1042 
tumours  of,  1045 
Paratyphoid  infections, 
596 

Parenchyma  cells  as  em¬ 
boli,  34 

Parenchymatous  degener¬ 
ation,  135 
Parkinsonism,  745 
■  Parotid  tumour,  mixed, 
260 

Parovarian  cysts,  973 


Paroxysmal  haBmoglobin- 
uria,  482 

after  muscular  exer-, 
tion,  483 
nocturnal,  484 
Passive  anaphjdaxis,  195 
hypergemia,  5 
immunity,  187 
Pathological  adiposity, 
138 

fracture,  227,  912,  916, 
920 

Paul-BunneO  test,  538 
‘  Peau  d’orange,’  992 
Pel -Ebstein  t3jpe  of  fever, 
185,  543*' 

Pelger  anomaly  of  leuco¬ 
cytes,  467 

Pellagra,  spinal  cord  in, 
771' 

Pelves,  renal,  lesions  of, 
869 

Penis,  tumours  of,  946 
Peptic  ulcer,  568 
— sites  of,  568 
—  varieties  of,  568 
Perforating  canals,  884 
ulcer  of  stomach,  569 
Periarteritis,  nodosa,  31 1 
sp)hilitic,  305 
Pericarditis,  378 

chronic  co'nstrictive, 
380 

tuberculous',  379 
varieties  of,  378 
Pericardium,  adherent, 
366,  379 

calcifications  of,  378 
hsemorrhage  into,  380 
milk  spots  on,  379 
tumours  of,  380 
Peri-celiuiar  cirrhosis  of 
liver,  657 , 

Perinephric  abscess,  858 
'  Periostitis,  acute,  892 
chronic,  892 
syphilitic,  898,  901 
in  t3,q)hoid,  892 
Peripheral  circulatory 
failure,  42,  370  . 
neuritis,  775 
Perithelioma,  253 
Peritoneum,  618 
tuberculosis  of,  622 
tumours  of,  623 
Peritonitis,  acute,  618 
causes  of,  620 
chronic,  621  , 

—  hyperplastic,  622 
gonorrhceal,  620 
hsamatogenous,  621 
.Pernicious  ansemia,  484 

—  blood  in,  485 

—  bone-marrow  in,  486 
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.inj:)e.x 


(.iM'jiiniout-  of, 
nai  iirt'  ol,  lUl 
ot'i'.ans  in,  tH(> 
pat  hn!oi.>.\'  of,  IlMI 
spinal  <*o!‘(I  Hi,  ifM>, 
77tt 

IN'ronral  ai  rt>  pii\  ,  '.tH7 
I'liaMii'lirtniiofy  t  <nna,  1  <>o  i 
1 ’liaaocN't  c-a.i,  7.'5,  V.>, 

'i‘ti 

! *li!<-l)il  a(Mito,  Uli'l 
<*iir< ini<\  3:.!  1 
;H'ptt(\  713 
tropical.  37,1 
Phloholit  hs,  I  33*> 
IMiloboscU'rn'a:;  o(  portal 

voiil:,  337 

IMilo'onasia  alha  tlohai;:. 


Oi.U'onl.a,,  inJ'a.rofH  of,  3H3 
syvphiliM  of,  3 S3 
taifHaroiiloHiM  of,  3S3 
P!ap;ut\  iufiM’taon,  in,  174 
lytuph  iiodoH  in,,  333 
Plant'  diaouHo,  virim(M4  of, 
37H 

.fSann'Ui  73,  33 
piadoina,  41 

in  livoi”  diaoano,  <)S3 
in  lu yi'loina.losis,  1)3  1 
in  tioj )liri(  i:;,  H3a 
in  (odiMua,  S3.3 
I  ranstfnaion,  44 
riska  ol’.  337 
I’laranacyloina,  333 
riasrnaphon'sis.  S 1  3 
IMasmodiuni  falciparum, 
33  I 

malaria'.  304 


1 3  >  1  y  i  \i'  ( -« a’  i  1.  i  H ,  a.i  a  vi  iry  ,srn  i  1 1, 
''31,1 

iiodontt.,  310 

rivnal  losioiiH  in,  833 
1 3  3  V  j  \  r  I  '  h  r  i  1.  i  h  , « *4  ir  ( )  k  i  i  n ,  325 
i3>lybh»,HfH,  73 
13 dyrhromania.,  400 
l3)ly(4iroma4.ophi1ia.,  430 
13  >1  ycyt  hsrmia',  330,  458, 
i)  I  3 

compcnHal'Ory,  401,  458 
spk'on,  in,  328 
s  p  1  < '  n  o  m  <  'iip  |.1  in ,  *1 1 ,  5 1 5 , 
328 

Polymasfia.,  383 
13)1  vmorphonn(4(an‘  lonc'O- 
(-yl'i'S,  34,  3)3,  71 
in  h'licocy fosia,  433 
in  haicopcnia.,  470 
vanaaiiouK  in,  466 


1  ‘hlcpniom  )u: i  <ml  crit  is. 

3H4':' 

paairitis,  331 
inflammal  ion,  31 
I  ’hloi'id/.m  diaiaOi'S,  1337, 
Kill 

i ’ho-.phorii:';  nt'crosts,  832 
pnrionuu'.  oi)  1 ,  3.3),  t»3  I 

Phthisi,.,  acute  pulmon 
ai'v,  436 

clironic  piduH »uur> .  433 
lllu’oid,  433 
renal,  831 

Kia  nrnchnoid,  relations 
of,  333 

Kick's  dis<ai:a\  38t),  .)32. 

322 

Kiymrnt,  atn)phic,  133, 
r»3U  7n2 
hi  fa  132,  331 
blond,  137 

midarinl,  131,  303.  f)32 
tnohmin,  133 
Kl^.':mont ar\*  cIumpoK,  1S5 
Kif.^m(Mdaiion  in  Adihaoida 
<h,sna!U\  I  .hi),  1343 
chronic  aracnical,  I  33 
cniloi^cnonia  1  3i3 

cxoj^naj.otia,  133 
hicmnl.ogimmiH,  1 37 
KbptionltMl  ntofa  24  7 
radnnI-H,  252 
Kijical  ghnal,  1014 
Kit4tiU«\\%  1002 

nnd  tu’romc*gnly,  1307 
buHophiltHin.  1333 
dwJtriiHm,  1312 
and  j^dunt  iHm,  1308 
hnrmonoH  n\\  1034 
kypcrfunc-lann,  1037 
hypnlunclion,  1310 
fttfuaura  ob  1313 
Placonta,  honnnmw  of, 
1)81,  1035 


\'i  va-K,  33  I 
iMat  t'k't  H,  472,  '(8 1 
in  disoanc.  4  72 
m  laemopbilia.,  3  I  7 
in  purpura,  31  8 
in  t  hroinbosi;-!.  “..18 
Idt't  bora,  43,  438 
Kloura*,  li'sions  of,  44  2 
I  id)crculo:us  o(,  443 
(  nmours  of.  liiO 
I ‘loura'y ,  acute,  1 4 2 
<4ironic.  4  13 
{ ubci’culouM,  143 
Klumincr  N'inaon  syu  ■ 
drome,  438 

Kucumocoi’ci,  types  ol, 

433 

KneiiiUiaiia,  43  I 
acute  Ini >H r,  430 
ehemicnl,  4  23 
ernupnuM,  43;3 
ibrit.  4  22 
end  lolic,  4  1 3 
ganyri'noua,  411,  421 
hypoal at i(',  423 
itdUtony.ah  418 
intta'.sl  it  tab  421 
lobar.  403 

i-onipbca.t  ionsof,  4  10 
leucocyloaia  in,  433 
r()Solnlinn  of,  437 
primary  ntypiiad,  4  18 
m  paiftncoKia,  4)8 
Hcpt  ir,  4  1  H 
Kupptirat  i VO,  4  13 
virna,  4  1 8 

KnenmonokonioHia,  422 
Kneumot bora K,  438,  443 
Koikiloc ytes,  433,  4  81) 
KoikilocyloHiH,  433 
Koliooiu'cpbulifiH  lucmor. 
rhngica,  731 

Koliomyolii ia,  muttc  ati- 

forinr,  74S 


Nilypi,  cardiac,  23 
of  st'omacli,,  fiTf) 

of  ni'i'rus,  353 
3)lvpoais  of  int.oafine,  514 
3)lysm’oait'is,  383,  522 
’nlyuria.,  143,  813,  1313 
N)nH,  b.'emorrliajL^i^  into, 
713 

I N>naicopba:ly ,  78 1 
1  7)rpb3'ria,  acute,  778 
conpynita,!,  778 
1 7 trial  (drrbo.sis,  544,  545 
eonpi'osl'ion,  aiscit'ca  in, 
523,  518 

voin,  olisi. ruct  ion  of,  13, 
333,  f)27 

K oH  (  a  r M p  1  a '  1  n  u  n  i  nc  j  nil n- 
dic<\  538 

KoiUcrior  ba.sal  monin- 
y;it4a.  713.  724 
K  o  H  I  •  U  JU  m  o  r  r  li  a-g  in 
a,rumnia.,  474 
loncocy t'OHia,  4f)7,  474 
13)(4i7s  iliaea'Hiy  835 
KfecajH’orouM  condiiinnH, 

255 

KnH’ipitiiiH,  183 
KrocociouH  pulnn-ty,  731, 
375 

Kn^gmuM-y,  aJmorrmditaoH 
in  I'.oniuH’l’ion  with, 
378 

nmnmia.  in,  434 
extra,  utianuc,  38 1 
kidneyn  in,  813 
I  h"OHHnro(*t)nc,7()8, 720, 732 
KriemdonoH  curvcH,  459, 
437 

Krlmary  .almck,  4  2 
Horn,  35 

union,  lunthiiK  l)y.  b)4 
Krndnctavn  infhunma,tiori, 
83 

KrogoHttM'onc,  354 


Progestin,  954 
Progressive  muscular 
atrophy,  768 
Prolan  A  and  B,  1004 
Proliferative  processes,  81 
Prostate,  858 
fibrosis  of,  941 
hypertrophy  of,  869, 
943 

inflammation  of,  940 
suppuration  in,  941 
tuberculosis  of,  942 
tumours  of,  948 
Prostatitis,  940 
gonorrhoeal,  941 
Protein  conjugates  as  anti¬ 
gens,  187,  198 
shock,  185 
Proteinuria,  834 
Prothrombin,  519 
deficiency  of,  680,  684 
Psammoma,  783 
Pseudo  -hermaphroditism, 
949,  1055 

Pseudo -hypertrophic  par¬ 
alysis,  936 

Pseudo -leuksemia,  254, 

546 

Pseudomucin,  153,  970 
Pseudomyxoma  peritonei, 
588,  971 

Pseudo -uremia,  840 
Psittacosis,  418 
pneumonia  in,  418 
Pubertas  praeeox,  791, 
976,  1054 

Puerperal  eclampsia,  634* 
819 

infection,  951 
Pulmonary  abscess,  411 
arteries,  aneurysm  of, 
314,  436 

—  syphilitic  disease  of, 

‘307 

arteriolitis,  307 
artery,  atheroma  of, 
293 

—  embolism  of,  20,  32, 

'■  397  ' 

asbestosis,  427 
disease,  effects  of,  382 
embolism,  31 
fibrosis,  effects  of,  6,  370 
infarction,  21,  397 
oedema,  39 

—  acute  suffocative, 

369,  841 

osteo -arthropathy,  915 
phthisis,  acute,  437 
— ■  clrronic,  433 
'  siderosis,  428  ■ 
stenosis,  376 

Pulse,  water-hammer,  363 
Pulsion  diverticulum,  559 


INDEX 

Pimctate  basophilia,  461, 
485 

Purpura,  517 
anaphylactoid,  518 
hsemorrhagic,  518 
thrombocytopenic,  518 
Pus,  characters  of,  63 
Putrid  intoxication,  951 
Pyemia,  177,  344,  728, 
858 

Pyelitis,  acute,  872 
Pyelonephritis,  acute,  859 
elironic,  832,  859,  872 
tuberculous,  861 
Pyknosis,  125 
Pylephlebitis  suppurativa, 
324,  588,  654 
Pylorus,  congenital  sten¬ 
osis  of,  583 

Pyogenic  membrane,  65 
Pyometra,  952 
Pyonephrosis,  873 
Pyo-pneumothorax,  438, 
443 

Pyosalpinx,  956 
tuberculous,  958 
Pyrexia,  180 
causes  of,  184 
neurogenic,  185 
and  tumours,  202 

Quartan  parasites,  504 
Quinine  and  blackwater 
fever,  506 

Babies,  747 

Bacemose  aneur^^sm,  322 
Bachitis,  903 
Badiations  and  tumours, 
266„  269,  282 
Barefying  osteitis,  882 
Rathke’s  pouch,  tumours 
of,  1014 

Bajmaud’s  disease,  8,.  15, 
312,483 

Reaction  a  distance,  698  , 
Reagins,  198 

Rectum,  inflammatory 
strieture  of,  605 
in  lymphopathia  ven¬ 
ereum,  605 
papilloma  of,  216 
in  syphilis,  605' 

Red  corpuscles,  changes 
in,  458 

_ following  destruc¬ 
tion  of,  476 

—  diapedesis  of,  14,  54, 

■56  / 

—  fragility  of,  463,  479 

—  regeneration  of,  474 

—  resistance  of,  463 

—  sedimentation  of,  464 
softening  of  myoma, 

961 
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Refractory  ansemia,  501 
Regional  ileitis,  604 
Regurgitation  Jaundice, 
678 

Reiter’s  s\nidrome,  925 
Relapsing  fever,  spleen 
in,  525 

Renal  calculi,  875,  880 
carbuncle,  858 
colic,  877 

cortical  necrosis,  819 
dwarfism,  845 
fibrosis,  826  • 
glycos'uria,  1037,  1041 
insufficiency,  837 
cedema,  36,  842,  855 
pelves,  lesions  of,  869 
phthisis,  861 
rickets,  845 
Repair,  81,  102 

of  epithelium,  107,  113 
of  fracture,  886 
of  nerves,  779 
of  various  tissues,  111 
Replacement  fibrosis,  .87, 
340 

Reproductive  system 
.(female),  940 
—  (male),  939 
Resistance  of  red  -cor¬ 
puscles,  463 

Resolution  of  mflamma- 
tion,  61 

of  lobar  pneumonia,  407 
Respiratory  system,  382 
‘  Rests,’  273 
Retention  cysts.,  285 
Reticulocjdes,  111,  460, 
478 

R  e  t  i  c  11.1  o  -  e  11  d  o  t  h  e  1  i  a  1 
.  .system,  55,.  62,  72, 
1.59,  675 
blockade  of,  75 
Reticuloses,  254 
Reticulosis,  lymphoid.. fol¬ 
licular,  545. 

Retieiiium  cells,  72  ^ 
Retinitis,  ■  albumiiiiirfe, 
844..''  '  .  ■  - 

Retinoblastoma,  257 
Retrograde  degeneration 
of  brain,  698 

Retrogressive  changes  of 
tissue,  120 

Retro-pharyngeal  absC'Css, 
■895 

Rhabdomvoma,  210,  380, 
879  ■ 

Rhabdomyosarcoma,  23 1 , 
949,967 

Rhachischisis,  781 
Rhesus  factor,  47 
- —  and  hssmolytic.  disease 
of  newborn,  503 
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lUuMiniaii**  ('luiocnnlit  i 

352 

{■r\rv,  :U7 

rt»nln!-\  of.  31 S 
tt':U<MlS  <t|  30  I 

myocardil  317 
noiiuh’s,  O':!!* 
pnrurnoni.'t,  3;i  1 
lUn'Uiiuil  Kim,  iH’utc,  !?  1 

32;! 

chronu’.  330 
R  luMitunl  ni«  I  jirt  lu'il  is  3 

lUuiiosrlsrdiiia,  lOl 
l\\rUv\r>,  303 

rnlriuiu  in.  30r> 
pill  Roll ir.y  <il',  307 
naiiil,  S13 

Mickrly  tlwarlism.  30  j 
ru.iiiry.  30} 

Kirtlrl’..  ni  tl 

rnai,  lo23 

1\  inp  )»()< I it‘;-i.  ( ';il  Mt i  , 1 

l\in}'  paiu't'nn  033 
IOhIoiiI  nlnrf.  244 

pipjn<aiO'«l  lypn,  2n 
Hound  nrl!  snn'ouui.  2! 
Hous  surntunii, 
i^upiurr  <d"  imoiu'ysi 
317 

of'  Ihmu'I,  333,  I 

311 

iHiasrU'M  hvidini''  Oodit' 


S(du'dlnr  (dir ini  inn’s  diH- 

533 

ScUvvsmnoma.,  780,  733 
SairrlinuH  aa  rninonun  23 1 
SidaruHis.  diHHaminaiiai, 

757 

liilnra!,  703 
inuUijdo,  757 
Hid»n«Hd  ('  anndunnd, 
770 

Si'olioais.  304,  310 
Scurvy,  513,  3{0 

Inrinnrrluii'OH  in,  7)20 
inranl  ila,  310 
Scborrliouc  \v,arla,  2n2 
Srcondiiry  aiuaniiii,  175 
r;anp!’nnt\  13  1 
id  look,  12 

St'diinnnl  id  inn  ra0\  17  1 
So|'.nuad  id  inn  nl'  inyncjir 
dinm,  335 

Sotnin.al  \<':;i(d('S,  iidiiiin 
ma l  inn  nl ,  3  10 
1  ulxM'nulosis  <d‘,  31 2 
Si'ininnina,  317 
S<ank'  id  ropliy,  1  3;,! 

cold  raided  ktdm'V,  833 


Sacral  l.iM'ii! tuna.  201 
Salpinpdi*‘3  '350 
t  uOnrculnus,  358 
Ssdt.  Inns,  IS!.  SI 3.  1050 
rt'Oad  inn,  80  1 ,  8.*  { 
San'uiilnfiia*  33 

lymph  nndcii  in,  533 
Sarcnnui,  223 

{'>wpnr’nncn.ta!,  200 
in  fowl,  270 

in(d ?iHt ndOM  in,  223 

mixial  nidi,  22  I 

tnyidniil.;i23 
nHinngciut‘»  220 
rninul  <’tdl,  221 
apindln  iadk  221 
tcbmf.5cct  id  ti'.  212.  225 
vnrtiddi^iH  of,  224 
Scividcst  fnviuy  ki(lti«\VH  in, 
H03 

Schnuinnnn’ri  <liatuiK(%  33 
S<‘Uildnr’H  753 

SchitnnudbuHch’H  dtHCiiH<\ 

3H0 

HrluHtoHninn  lunnmi.nh 

iunu  H74 

tnaoHoai,  OOO,  705 


S<ank'  id  ropliy.  1  32 

coidnud'cd  kidney,  833 
denaad  ia,  7  1  2 
p.anpnmc,  10,  13! 

StuKiil  isf'i’,  130 
Sepl.M*  Orn  n  <•  h  n  pn  c  u 
innnin,  4  1  8 
cyt-il-itia,  340 
inland  inn,  2 1 
Si'pt  icicnna,  1  77 
S(a pK'Hl  nun  of  hon<\  830 
of  {laiH'rcias  087 

SiU’n:ud  cidla,  74 

nad iiplaain  of,  1  20 
Sm'ium  cystiukmnma,  37  1 
di'pnncral  ion,  137 
itdknnnud  inn.  0 1 
St'runi  <li;unU'U\  130 
Shock.  42 
prinuu'V,  12 
protein,  185 
ancoiulary.  42 
Shvviud'/.nuni  plumonn 
oiinn,  138 

StcUkauniii,  4  53,  4 Hi 
Siidik'  cell  anicmiiO  (8 1 

■)  Sidcro<‘y  O'H,  402 
SiiltM'oHin,  I  <15,  4  22 

I,  pulninintry,  428 
viHciU'nh  100 
Sidi'rnt.ic  nn<ltd(''U,  523 
Silica,  iud.inn  of,  420 
SilicuHiH  of  InoKS*  104 
425 

In  Silu‘t)«Hul<^n)HiH,  42H 

Sinunond’H  iliHcuHn,  10 10 
Stinpln  launntirH,  203 


BinviH  node,  370 
i.Uiidiyi’nrdia,,  37 1 
tdirnniiboKiH,  728 
Skin  in  jirgyria.,  105 

noainopbiliu  in  discasoK 

of,  4:08 
tnnk'M  of,  247 
multiple  Oliroimdai  of, 
205 

in  myxoMkana,,  1018 
j>a.pilloin!i  of,  2 1 5 
in,  sypliiliH,  34,  37 
Skull,  fni.(d'Uro  nl‘,  703 
Slecjiing  .siidviu'sw,  740 
Slough,  05 
Srnnll|)ox,  525 

I ymphocy toHis  in,  403 
Siudvi?  biln,  (dToctw  of,  30, 
OHO 

Softening,  murmuix  17 
iMU'ida’id,  712 
(‘olliiiuativix  120 
Spj».Hti<‘.  paniiik^gia,  703, 

SpiM'idedy  of'  mdilKMlieB, 
188  ’ 

Sp<M"nud'Oe(de,  340 
SpIan’oeyloHiH,  453,  473 
h(''r(alit.ii.ry,  473 
Splu'roidiil  <*<dl  <‘iu'<dn.oma., 
233 

‘  Spidi'r  cidlad  733 
Spimi.  biOda.,  781 
Spinid  <*onl,  760 
a.<*nt.<^  luyiditis,  705 

ainyoti’opbii*.  kdn'nd 
Ht4iM’nsiH,  708 
a.Heending  degiUieni- 
tinUH  of.  702 
in  (diMU'lHm,  772 
('ombinial  sidia'OBiB  of, 
770 

rongenital  idmonnali- 

IdeH  of,  781 

dc>He<aaling  dcigiaaa’ii- 
IdnuH  of,  704 
dine  k'nion,  of.  701 
u-  in  ergntinm,  772 

in  li’riedreiidi.’H  ataxia, 
703 

hsernorrhagi^  into,  700 
in,  iiydrotnyidijn  772 
inOannna.i'ory  <duni.g(’*H 

of,  705 

injurieK  of,  700 
in*  lamdry’H  pandyHia, 
751 


Sehi'/ogony  m  mabM’iti,  Sinun  bnulyeanlia,  371 
505  '  irn^guhu'ity,  371 


la.t<u*a,l  Hidid'OHiH  of,  708, 
703 

in  bd'hyriHtn,  772 
k^rtionK  of  nudior  n.en- 
rouH  of,  708 
iu  Io(‘<mu)tor  ataxia, 
740 


INDEX 


Spinal  cord,  motor  neu¬ 
rons,  chronic  lesions 
of,  768 

—  in  multiple  sclerosis, 

758 

—  in  pellagra,  771 

—  in  pernicious  anaemia, 

490,  770 

—  in  poliomyelitis,  acute, 

748 

—  in  progressive  muscular 

atrophy,  768 

—  sclerosis  of,  766 

—  subacute  combined 

sclerosis  of,  770 
' —  in  syringomyelia,  772 

—  in  tabes  dorsalis,  740 

—  transverse  lesions  of, 

760 

—  tumours  of,  784 
Spindle-cell  sarcoma,  224 
Spiradenoma,  246 
Spiroch^ta  pallida,  94 
Spirochaetal  jaundice,  635, 

680 

Spirochaetosis  ictero- 
haemorrhagica,  635 
Splanchnomegaly,  1008 
Spleen,  521 

abscesses  in,  526 
in  acholuric  jaundice, 
481 

acute  enlargement  of, 
524 

amyloid  disease  of,  148, 

534 

atrophy  of,  521 
in  bacterial  endocar¬ 
ditis,  524 

blood  destruction  in, 
523 

in  blood  diseases,  528 
'  and  blood  platelets,  523 
chronic  venous  conges¬ 
tion  of,  1 1,  533 
ellipsoids  of,  522 
enlargement  of,  521 
in  Hodgkin’s  disease, 
528,  541 

infarction  of,  17 
in  infections,  524 
in  kala-azar,  527 
in  leukaemia,  511,  528 
lipoid  storage  in,  531 
myeloid  transformation 
of,  531  - 

passive  h3^:)eraemia  of, 
11,  533 

in  polycythsemia,  528 
protozoal  infections  of, 
527 

relapsing  fever,  525 
in  splenic  ansemia,  529 
suppuration  in,  526 


Spleen,  syphilis  of,  527 
tuberculosis  of,  534 
tumours  of,  534 
in  typhoid  fever,  525, 
593 

in  typhus  fever,  525 
in  undulant  fever,  525 
in  virus  infections,  525 
Splenic  ansemia,  499 
—  spleen  in,  529 
Splenomegalic  polycy- 
thsemia,  41,  458,  515, 
528 

Splenomegaly,  521 
Gaucher  type,  532 
tubercular  type,  531 
with  persistent  letico- 
penia,  531 

Spondylitis,  ankylosing, 
929  ■ 

deformans,  929 
Spongioblastoma,  789 
multiforme,  790 
Spontaneous  fracture,  227, 
913,  920 

Sporadic  cretinism,  1019 
Sporotrichosis,  101 
Sprue,  495,  600 
Sputum,  infection  of  gut 
by,  602 

Squamous  epithelioma, 
241 

Staining,  supravital,  75, 
461,  470 
vital,  74 
Starvation,  132 
Stasis,  5,  56 
Static  thrombosis,  30 
Status  thymico-lj-Tnpha- 
ticus,  1060 

Steatorrhoe-a,  idiopathic, 
495,  600,  680 
Stenosis  of  aorta,  377 
of  heart  valves,  363 
pulmonary,  376 
Stercoral  ulcer,  615 
Stokes-Adam  .  sjmdrome, 
373 

Stomach,  561; 

achlorhydria,  497,  566 
atony  of,  575 
simple  atrophy  of,  565 
carcinoma -of,  577, 
catarrhal  ulcers  of,  565 
chronic- catarrh^  of,  564 
circulatory  (iisturbaiices 
of,  562 

cirrhosis  of,  566, 
congenital  abnormali- 
■■ '  ties  of,  582  ■ '  ^ 
in  corrosive  poisonings, 
567 

dilatation  of,  575 
diverticula  of,- 583 


1087 

Stomach,  hemorrhage 
from,  562,  573 
hemorrhagic  erosions 
in,  562 

■'  ‘  hour-glass  ’  contrac¬ 
tion  of,  572,  583 

tions  of,  564 
‘  leather-bottle,’  578 
myoma  of,  577 
papilloma  of,  57,6 
in  pernicious  anemia, 
489,.  566 

phlegmonous  gastritis 
of,  564 

polj’pi  of,  576 
precanceroiis  lesioi'is  oh 
582 

specific  infections  of, 
567 

tumours  of,  576 
ulcers  of,  568 
varix  of,  563 
Strangulation,  13 
of  intestine,  ■  61 1 
‘  Strawberry  gaO  bladder,’ 
146,  668- 

Streptococci  and  nephri¬ 
tis,  803,  824  . 

Struma,  1025 
ljunphomatosa,  1029 
Strumous,  dactylitis,  895 
'Subacute  combined  de¬ 
generation,  770 
Subarachnoid  space,  695 
Sub-tertian  parasite,  504 
Subungual  exostosis,  208 
Sulphonainide  deposits  in. 
urinary  tract,  877, 
880 

Sunstroke,  185 
.Supersensitiveness,  193 
in  infections,  196 
Suppuration,  50,  63 

calcification  following, 
■65; 

pyo-genie  membrane  in, 
.65  . 

Suppurative  art-hritis,  924 
imfianmiatioji,  63 
periostitis,  890 
Suprarenals  '{see  Adrenals), 
1046 

Suprasellar  cysts,  791 
.Supra\dtal  staining,  75, 
461,  470 

Surgical  kidney,  860,  874 
.talc,  reaction  to,  79,  958 
*  Sway -back  ’  in  Iambs, 
756  ■  . 

SympatMcoblastoma,  256, 
1-057,, 

Sinmpathogonia,  1048 
Syncopy,  local,  8,  15,  312 
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INDKX 


Syn«*y(iji!  rolls,  tl-Mu  - 
S\nu\ili;;,  \  illoiiod 

[Mynirnl i’( I, 

Syi'lnhs  {sn-  vnrinu: 
s.Miii:'-'),  Ho 
<)('  nrlrrir:;,  :Uri 

cousv'nit  si,  HH 

<'1,, 

:;( <>(,  H  I 
S\  |>!iiljl  !<■  rndari  < 
:UK') 

i,^l>(»t}nrtnnr.it  i 

1V){\ 

IvnipiiMiir  il  !■'.  i 
innuuyit  lo,  dli  \ 
iiH'.'jicH’i  it  i‘‘,  “Ih:! 

m\  iHit  U-.  7ri<i 

parhy  mtMUU'Ml  is, 

I mniplrs'.ui,  '/’HH 
j  HM’ilU'l  <M  it  1,1,  Htt.l 
Syriny^oinyrlin, 

.Svfiur.oniyidiHM'ir,  7 


(lorstilis.  7  Ht 

niiMt'ni  rnra,  tH.lH 
'I'arhyrardia,  sinins  '1  7  1 
Tirnin  t'rliin<»r<)r(>u::,  titltt 

Hair,  pnuiuloiun,  7H.  H.»H 
'I’lir  worUi’i’r,  r|  m(  hrlimnn 
ni.  :!tHl 

‘  Tari’y  ry.'-t  ;/  IM’tH 
'ThI  t uotnp,  1  a'it’) 
H'rlHiipirrt  al  jr  aat'rniiia, 


'riu,»JaHH5r!Hi«i,  504 
'rhiM'it-ltit'iMu,,  I'.yrtt. 


'‘|■o,x}r.lllia  ii».  burim,  44 
i.niiUirml  i<\  44t 


'riiinura.cib  !0l4b  1.021 

7 

Toxic  ja,nndi<’(\  080 

nffcid^ 

no  Idond, 47 

n 

'I’oxinK,  122,  12'b  1.78, 

'Idmnuu'n". 

s  disiMi.se, 

muH- 

IHO 

(4c:i  in,  027 

Toxoids,  180 

'riirnmbt. 

biliary,  021 

Tox<n)la..Hrnosis,  721 

iiyabnc 

.  1  57  ‘ 

O’l'a.claMi,  dlpldlieria  of, 

d’hrcanbn 

nnfU'iiis  ( 

iblif- 

285 

('ran; 

10,  20.8 

in0mnma.l4on  of,  285 

4'br<tmbn< 

,-y  t  lacmia. 

.lae» 

syphilis  of,  28,8 

mnrr 

lu»rdc,  4  72 

t.nlaerculnsis  of,  287 

O’hl’tanbn 

v\ j.npt'idc 

jHir 

4'ra.ct'ion  di\'{'rl.i(‘nlnm, 

pura 

,'51.8 

550 

'rmilHiro  spllofioidal  Inhr, 
aln'irraii  in,  7“4t) 

O’rndon  ahrat  ha, 

ruyidnruala  ol,  H:M) 

'r'lnuim-tinvit  in,  pnuni* 

i-hraU  0l!4 
I  ubrnnilnUh,  H‘JS 
'rmitunm,  iCul 
nl*  brain,  701 
rhnriun  npit ladintna  in, 

rxp<n*imnntal  prudtir 
tinn  nf,  202 
of  nvurioH,  072 
Himml,  200 
(if  tnHt'i'Hif  IMH 
'faHt  influnutiHl  iona  nt, 
IMO 

Hiiininnina  nt',  047 
HyplnliH  iii\  042 
tm’at.ninn.  nl',  048 
t.ulinrrnlnHiH  nf,  04  1 
tumnt  n’H  nO  040 
040 

TnOniy,  l04Ii 

variiVtar'H  of,  1040 
474.nu4iU>n04uuHx  47( 
B20»  im.  07H 
TtO.ralogy  t>f  KalkOy  070 


4’brnnilinry  lo.as,  172  44 

4'1  U’nt nbt tlv I  na; i< 2<S,  5  I 
■rbrombar.in,  22 
arlpnal,  25 
rHpillar\ ,  27 
raiOinr,’  22,  :$:t7,  240 
rausal  nai,  nl,  27 
of  rrr(4a'iil  ainnsOH,  71  0, 
728 

corona r\  , 

maranl  i<’,  1 2.  ;!7,  7  1  7 

pool  ojKcraliva',  20 
pnorpi'rnl.  20 
;i<‘<(ta4:i  < il’.  20 

ait  CM  ob  22 

htatir.  20 

\'arirl  i<':i  of,  22  I 

\onona,  2.7,  222 

Thronvbns,  ranaluiiit  ion 
ob  2(b  108 
(a'j^aniHnl  ion  ol",  108 
Tbruah,  7.77 
O'hynnia,  1050 

bypnrpbiHia  <»(*,  lOOO 
it!  HtaluK  Ihyniiru  lynn 
pludirtuu  lOtJO 
tuinonratib  lor>2 

\v‘a:'.l  inp  of,  lOtH 
X  ra, yiu  (Olcrta  ol,  1001 
'Pbyrii  ploiiaal  <*yal  i:.  1022 
,  O’byroiil,  arayloiil  clagiai' 
t'ration  ol",  102! 
in  rnOiaiiaa.  lOlO 
(bOaOrnry,  1017 
in  oKophtbHlnu+‘  poilrc', 
1021 

in  poll  i‘t%  1020 
b  bypia't  hyroidinnu  1021 
iiUlanuuaturv  <4uu>gtM-5 
ob  102K 
iodinn  in,  10 1 0 
in  jnvxtadrnia,  1018 
ayplubH  nb  1020 
tubta'ruloais  of,  1020 
tnnaau’Hof",  1022 
Thy  raid  it  iH,  Kriodt'TH,  1020 
'rh*yrniiin<x  10!  0 
ro,  Tophi,  170 

TortaaolliH,  fongoniial,  022 
1  Totipoioni  coOh*  202 


TranHlnHion  and  a,pf4lni-ia.« 
at  ion,  40 
(d‘  14oo<b  40 
of  pla.Hrna.,  I  t 
"I'ra.nHrniHKion  of  lannourK, 
(vx|)<vr!in<vnia.b  2H0 
44'in  IK  •non  rona.l  <  lopni  lara- 
t.ion,  tiOO 

4'  r,'  1 1 1  a  j )  1  a  n  t  avt '  i  o  n  o  f  I  xn  u\ 
HHH 

47’ana\'(^ril<''  K'sions  of 
.spinal  (*()rd,  700 
Trauma,  and  pyoK<'*'><' 
tort  inn,  175 
and  tailMa’cnloHis,  175 
ami  ( umonrs,  270 
4'rimmat  ir  aamuryamH,  210 
fn.t.  iHu-rosia,  085 
infarct  ion  of  licta*,  028 
t.oxaania.,  42 
'rropboiaHa,  82 
4'n'pon.nma.  pa41iduta,  04 
Tri<4iiia41a,  spiralis,  025 
Trichiniasis,  024 
'rricuspid  incompobaic.a, 

205 

d’rinit  rot  <4uol,020,()4 2,080 
44'iplci  rc>Hj>onH(\  4- 
I  d’ropho'/oila’S  (maJa-riai), 
504 

.  I’ropica.!  aliscoss  of  liver, 
054 

'rrypa,tmHomia,HiH,  400,  740 
'riiba.l  pregria,u(\y,  081 
X  4'ub<a’(4(^  ba,cilli,  typoH  of, 

88 

ca-HinU-ing,  02 

foUiohy  80 

gia,ni  (‘alls  of,  80 

Odilua’cnlin  roact.ion,  100 
Idiberiatlonad.a,  722 
Tubia'culosis  (was  various 
or^!:ans),  87 
alb'riJcy  HO 

of  a.rt.(a*i<^H,  208, 720, 80a 
>0  of  bonoH,  802 

of  lauirt.,  247 
immunify  in.,  02,  430 
22  orjoird'S,  800^ 

miliary,  01,  428 


INDEX 


Tuberculosis,  ,  primary 
lesions  in  lungs,  88, 
430  '  _ 

proliferative  type  of, 
539 

pulmonarv,  in  adult, 
433  ^ 

—  in  cMld,  430 
re-infection,  433 
in  silicosis,  427 
supersensi  t  i  veness  in, 

89,  430 

Tuberculous  artliritis,  896 
broncko  -pneumonia ,  4  3  6 
csecal  tumour,  602 
caries,  895 

endarteritis,  308,  730, 
895 

lymphangitis,  326 
meningitis,  93,  729 
pericarditis,  519 
pleurisy,  440 
pyelo-nephritis,  861 
tenosynovitis,  898 
Tiibo -ovarian  cyst,  968 
pregnancy,  982 
Tubular  nephritis,  821 
Tumours  {see  various 
forms),  199 
calcification  in,  168 
causation  of,  275 
cellular  theory  of,  279 
classification  of,  200 
and  congenital  abnor¬ 
malities,  273 
effects  of,  201 
etiology  of,  263 
„  experimental,  267 
- —  transmission  .of,  280 
filterable,  276 
glycogen  in,  172 
'  grading  of,  242 
immunity  to,  281 
lymphocytic  reaction 
and  carcinoma,  281 
malignant,  221  , 

,  metabolism  of,  202 
mixed,  258 
..and parasites,  276 
and  pyrexia,  202. 
and  radiations,  266,  282 
relation  to  age,  271 
.'  —  to  heredity,  272  . 
and  relation  of  hor- 
.  mones,  268  . 

—  to  irritation,  264 
simple,  203 
transmission  of,  280 
and  trauma,  270  ■ 

Typhoid  carriers,  174,  595 
fever,  591 

—  blood  in,  470 

—  bone-marrow  in,  549 

—  complications  of,  594 


Typhoid  fever,  intestines 
in,  591 

—  larynx  in,  384 

—  lesions  of,  591 

—  liver  .in,  635 

—  Ivmpli  nodes  in,  536, 

,  "594 

—  metabolism  in,  1 82 

—  periostitis  in,  892 

—  spleen  in,  595 
Tj’phiis  fever,  encephal¬ 
itis  i.ii,  754 

—  spleen  in,  525 
Tyuosine,  155,  1016 

Ulcer,  duodenal,  570 
gastric,  568 
healing  of,  105 
rodent,  244 

Ultra-violet  rays,  5,  908 
Umbilical  hernia,  610 
Undiilant  fever,  spleen  in, 
525 

Union,  primary,  104 
Uraemia,  840 
Uratic  deposits,  800 
•  infiltration,  170 
Ureters,  calculi  in,  870 
congenital  abnormali¬ 
ties  of,  881 
obstruction  o.f,  869 
U.rethritis,  939 
Uric  acid  calculi,  875 

—  in  gout,  170 

—  infarcts,  800 

—  in  leiiksemia,  513 
Urinaiy  calculi,  875 

carriers,  596,  873 
diasfase,,  686 
system,  795 
~  congenital,  abno^rm- 
aiities  of,  881 
Urine,  casts  in,  836 
in  nephritis,  835 
Urobilinogen,  682 
Uterus,  adenomyoma  of, 
W  ,  ^ 

. .  aplasia  of,  978 
,  arcuatus.,  978 
carcinoma  of,  964 
congenital  abnonna.li- 
ties  of,  977 
ectropion  of,  953 
erosions  of,  952  ^  , 

hydatidiform  mole  in,. 
‘979. 

hypoplasia  of,  978 
.  inflammations  of,  .950 
leiomyoma  of,  960 
polypus  of,  959,  963 
sarcoma  of,  967 
syphilis  of,  959 
tuberculosis,,  of,  959 
tumours  of,  959 
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Vaccination,  encephalitis 
after,  755 
Vaccines,  186 
Van  den  Be.rgli  reaction, 
159,  484, ''676,  681 
Variations  in  blood  vol¬ 
ume,  39 

in  haemoglobin.,  460 
Varicocele,  325 
Varicose  .aneurysm,  319 
Varicosity  of  veins,  325 
Varix.  aneurysmal,  319 
Vegetations,  24,  353 
Veins,  diseases  of,  322 
obstruction  of,  12,  852 
of  Galen,  obst  riictio.ii.  of, 
719 

thrombosis  of,  25,  37, 

324 

and  tubercTiiIos.is,  324 
varicosity^  of,  325 
Venous  angioma,  211 
congestion  (see  special 
org.ans),  5 

—  general,  5 

—  local,  12 
thrombosis,  25 

Vesicuiae  seminales,  tuber¬ 
culosis  of,  942 
Vesicular  emphysema 
(liuigs),  398 

Virchow-Robin  spac.e,  693 
Virilism,  adrenal,  1053 
Virus  diseases,  immunity 
to,  193 

.encephalitis,  .744.,  754, 
766 

theory  of  tumours,  276 
Viruses,  766 

of  plant  diseases,  278 
Vital  staimng,  73 
Vitamin  A,  37,  175,  9(^9 
A  and  metaplasia,  119 
Bj,  700  ; 

Ba,  772  '■ 

B„  772 
Bj.,  493 

U  14,  107,  173,  519 
B,  166,  908,  1043  ; 

E,  650 

K,  14,  519,  680 
Tolfanaim's  contracture, 

•  932 

Volvulus,  612 
Ton  JakscUs  anemia,,/ 
504 

^  Von  Recklinghauseai’s 
disease^’  of  bones, 
912 

—  'of  nerves,  794 

Wallerian  degeneration, 

,  698,715,  779 
War  nephritis,  804 
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